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Introduction
The scope of this email discussion is core UE RRM requirements for NR positioning from the following agenda items:
· AI 6.8.2.1.1 : PRS-RSTD measurements
· AI 6.8.2.1.2 : PRS-RSRP measurements
· AI 6.8.2.1.3 : UE Rx-Tx timing difference measurements
· AI 6.8.2.1.5 : Link-level evaluations for PRS-RSTD and PRS-RSRP measurements 

Candidate target of email discussion for 1st round and 2nd round 
· 1st round: 
· Stage 0: Session chairs announce the set of email threads (no later than Monday 8am UTC, Apr. 20) 
· Stage 1: Moderators trigger email discussion (Monday  Apr. 20)
· Stage 2: Companies provide comments for the 1st round (Apr. 20 – Wednesday 5pm UTC Apr. 22)
· Stage 3: Moderators summarize the status and possible proposals, recommending what decisions can be made for 1st round. A formal t-doc will be used (Thursday 5pm UTC, Apr. 23)
· Stage 4: After receiving the summary from moderators, session chair may approve documents, make agreements or assign new CRs, WFs, LSs, etc. Session chairs may decide to first allocate tdoc numbers for new CRs/WFs/LSs first so sourcing companies can start the discussion immediately (no decisions will be made on the weekend on those new tdocs). Afterwards, session chair may announce decisions on other tdocs (no later than Monday 8am UTC, Apr. 27)
· 2nd round:
· Stage 5: Companies provide comments for 2nd round and moderators provide second round summary (Monday Apr. 27 – Wednesday 5pm UTC  Apr. 29)
· Note: Formal version of stable tdocs shall be uploaded to the Inbox (except Cat A CRs) before Stage 6
· Stage 6: Session Chair announces close of sessions (no later than 5pm UTC, Apr. 30). Final decisions will be captured in Chairman meeting report ( to be shared after the meeting is closed)


In providing comments, companies are encouraged to:
· Be concise
· Provide comments on all topics/sub-topics of interest to them
· Ensure that their comments are inserted in the latest version of the document by checking the folder before uploading
· Use “Track changes” to help identify added comments/changes



Topic #1: PRS-RSTD report mapping
Companies’ contributions summary
	T-doc Number
	Company
	Proposals / Observations

	R4-2003207
	Intel
	Proposal : The reporting range of PRS RSTD measurement in FR2 can be (± 125 us).
Observation: The benefits of signaling overhead reduction from the too many report mapping tables is not obvious especially with the significant extra standardization efforts. 
Observation: The drawback of the report table depends on UE numerology is the restriction on UE flexibility to improve the positioning accuracy.
Proposal : The report mapping tables for NR RSTD measurement can be one table per FR and per “k”.
Proposal : The report mapping tables for NR RSTD measurement can be one table per FR.
Proposal : RSTD minimum reporting granularity can and  for FR1 and FR2 respectively.
Observation : Differential RSTD report can be applicable for the measurements on the same TRP pair. 
Observation : Differential RSTD report range can rely on 
· Time offset between the beams in a same gNB/TRP
· the time offset between the beams of a same a gNB/TRP
Proposal : Differential PRS RSTD report range is ± (250us+65ns) and ±(62.5us+65ns) for FR1 and FR2 respectively.

	R4-2003285
	CATT
	Proposal ：PRS RSTD measurements report mapping is defined uniformly.
Proposal ：The absolute report mapping of RSTD measurement is defined per FR and the reporting range is defined as -985024Tc to 985024Tc with granularity of Tc for FR2 and 4Tc for FR1.
Proposal ：Do not define relative mapping for RSTD report.
Proposal ：Granularity of differential report is defined as Tc/2.
Proposal ：The reporting range of differential report is defined as [0, 31Tc].

	R4-2003508
	MediaTek
	Proposal: 
· One RSTD mapping table for both FR1 and FR2
· Time resolution is 4Tc for |RSTD|≤4096Ts
· Time resolution is 20Tc for 15391Ts >|RSTD|> 4096Ts
Proposal : The RSTD reporting granularity is a UE capability. UE may report its capability to the network

	R4-2004358
	Huawei, HiSi
	Proposal : The report mapping for absolute RSTD is defined by following principles.
· The reporting range is from -500us to +500us for both FR1 and FR2,
· The reporting granularity k is to be chosen by UE 
· The minimum value is -1 
· The maximum value is corresponding to the nominal granularity, which is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support)
· The reporting granularity is uniform across the whole range
· One mapping table is defined for each k value, and relative reporting is not used
Proposal : The report mapping for differential RSTD is defined by following principles.
· The reporting granularity k is same as for the absolute RSTD
· The range for additional resource reporting is from 0 to +5us

	R4-2003401
	Apple
	Proposal: The RSTD report mapping table will be defined per SCS per FR (or per k value) and choose the finest granularity among different BWs within each SCS.
Proposal : UE will report k as a granularity capability to network, and network is expected to configure k equal to or larger than UE reported k for the RSTD reporting mapping.
Proposal : The basic granularity of RSTD report mapping table is as defined in table 3.
Proposal : The oversampling rate of RSTD report mapping table is 2 for FR1 and 4 for FR2, for the range from RSTD_2260 to RSTD_10451.
Proposal: The granularity from RSTD_2260 to RSTD_10451 after oversampling is summarized in table 4 for FR1 and FR2.
Proposal : if RSTD measurement is performed between PRSs with different SCS, then UE can follow the worst granularity between two SCSs to report.
Proposal : similar as LTE, RAN4 will use a RSTD report mapping table together with a relative quantity mapping table for NR RSTD report.
Proposal: For different SCSs in FR1, use the same unit as LTE for the baseline RSTD report mapping table, i.e., 1Ts=64Tc
Proposal : Compared with relative RSTD quantity mapping table in LTE, Extend the relative quantity mapping table with more values to cover the different SCS in FR1 RSTD report mapping.
Proposal : For different SCSs in FR2, use the 8Tc as unit for the baseline RSTD report mapping table.
Proposal : The RSTD report mapping table and relative quantity mapping table for different SCSs in FR1 is designed as table x-1, x-2(k=4), x-3(k=3).
Proposal : The RSTD report mapping table and relative quantity mapping table for FR2 is designed as table y-1, y-2(k=1), y-3(k=0).

	R4-2004668
	Ericsson
	Proposal : Reuse LTE approach: the UE reports a reference quantity RSTD_i (corresponding to rstd in LTE) and a relative quantity RSTD_delta_i (corresponding to delta-rstd in LTE).
Proposal : The reportable reference quantities RSTD_i are as in Table 1
Proposal : The reportable quantities RSTD_delta_i are as in Table 2

Proposal : The maximum step for  is determined based on kmax=5 (32 Tc) for both center and edge ranges of the reference quantities, for both FR1 and FR2.

Proposal : The minimum step for  is determined based on kmin:
· In FR1: 
· kmin=3 (8 Tc) for the center range of the reference quantities,
· kmin=5 (32 Tc) for the edge ranges of the reference quantities,
· In FR2: 
· kmin=0 (1 Tc) for the center range of the reference quantities,
· kmin=3 (8 Tc) for the edge ranges of the reference quantities.
Proposal : the set of applicable k-values contains any k[kmin;kmax] satisfying mod(RSTD,2k)==0.
Observation : the network may not always have enough information to request a reasonable parameter k (suggested in [2]), e.g., it knows which k-values are applicable for FR1 and FR2 but it may not know whether the measured RSTD is large (falls in one of the edge parts of Table 1 where, for example, 1 Tc resolution does not make sense) or not.
Proposal : The UE shall use the recommended by the network k-value if the k-value is applicable for the measured RSTD to be reported, otherwise the UE shall choose, e.g., the applicable k´ closest to k.
Observation : The measurement report mapping for absolute PRS RSTD is not yet agreed in RAN4 and if the LTE approach is reused, then the PRS RSTD will be reported as a pair (reference quantity RSTDdiff_i, relative quantity RSTDdiff_delta_i).
Proposal : The differential reporting should have the same structure as the absolute PRS RSTD measurement report mapping, i.e., it is a pair (reference quantity RSTDdiff_i, relative quantity RSTDdiff_delta_i).
Proposal : The reported reference quantities RSTDdiff_i for differential PRS RSTD differential reporting are reported according to Table 3
Proposal: The reported relative quantities RSTDdiff_delta_i for PRS RSTD differential reporting are reported according to Table 4

	R4-2003567
	Qualcomm
	Proposal . Define RSTD report mapping table for k = -1.
Proposal . Define one absolute RSTD report mapping table for each value of parameter .
Proposal . Use uniform granularity for each RSTD report mapping table.
Proposal . RSTD accuracy requirements are not applicable if  
Proposal . Define one differential RSTD report mapping table for each value of parameter .
Proposal . Differential report mapping to be one-sided covering only the positive range. 
Proposal . Maximum range of differential RSTD report mapping table to be 8 us. 
Proposal . Absolute and differential RSTD report mapping tables to be as in Tables A-1 to A-7.
Observation . Absolute RSTD report mapping table requires 22, 21, …, 16 bits for , respectively. Differential RSTD report mapping table requires 15, 14, …, 9 bits for , respectively, which achieves a signaling overhead reduction of 56% – 68%.



NOTE: Several LS’s are submitted on this issue which captures the view of the sourcing companies. Once agreements are reached on RSTD report mapping, one LS can be selected to report the conclusions to RAN2.
Open issues summary
Sub-topic 1-1   Uniform vs. Non-uniform granularity
The issue is whehter the entire range of RSTD report mapping table is covered with a uniform step size (granularity) or larger granularity is used for edges (as in LTE). 
· Option 1. Non-uniform granularity in report mapping table(s) similar to LTE (MediaTek, Ericsson, Apple)
· Option 2. Uniform granularity in report mapping table(s) (CATT, Huawei, Qualcomm, Intel)
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 1-2   Number of report mapping tables
The issue is how many report mapping tables should be specified in TS 38.133. 
· Option 1. One coarse granularity table and one fine-granularity tables per FR per k (Apple)
· Option 2. One table per k (Qualcomm, Huawei, CATT, Intel)
· Option 3. One table per FR per k (Intel)
· Option 4. One table per FR (CATT, MediaTek)
· Option 5. One table (MediaTek)
· Option 6. One coarse-granularity and one fine-granularity (relative) table, FR differences and applicable k-values can be captured in these tables without having additional tables (Ericsson)
· Other options are not precluded. 
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 1-3   RSTD range in FR2 for report mapping table
The issue is the max RSTD range in FR2 that should be reflected in report mapping table. 
· Option 1. Same as FR1 (+/- 500 us) (Ericsson, MediaTek, Qualcomm, Huawei, CATT, Intel)
· Option 2. Scaled down by 4 in FR2 (+/- 125 us) (Intel)
· Option 3. Scaled down by 8 in FR2 (+/- 62.5 us) (Apple)
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 1-4   Relative fine-granularity report mapping table (LTE approach)
The issue is whether two report mapping table is needed: one for reporting a coarse value of RSTD and one for refining the reported RSTD based on smaller granularity. This approach was taken in later release of LTE. This should not be confused with differential report mapping which is discussed in a separate sub-topic. 
· Option 1. No (Qualcomm, CATT, Huawei, Intel)
· Option 2. Yes (Apple, Ericsson, MediaTek) 
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 1-5   Parameter k
The issues related to parameter k are diverse and thus, companies are asked to reply to the questions below as raised in Tdocs. 
· Q1: What should be the UE behavior with respect to configured parameter k? 
· Option 1: UE simply follows configured parameter k (CATT, Qualcomm)
· Option 2: UE selects parameter k (Apple, Huawei, MediaTek, Qualcomm, Intel, CATT)
· Option 3: UE shall use the recommended by the network k-value if the k-value is applicable for the measured RSTD to be reported, otherwise the UE shall choose, e.g., the applicable k´ closest to k (Ericsson, MediaTek)
· Q2: If UE selects parameter k, how is it signaled to NW?
· Option 1. UE capability signaled to NW (MediaTek)
· Option 2. According to the defined rules in RSTD report mapping tables (Apple, Ericsson, Intel)
· Option 3. One report mapping table per k ; bitwidth corresponding to each k is different enabling NW to identify which k was used (Huawei, Qualcomm, Intel)
· Q3: RAN1 left the decision to include k = -1 to RAN4. Should report mapping tables include k = -1? 
· Option 1. Yes (Qualcomm, Intel, Huawei, MediaTek)
· Option 2. No (MediTek, Apple, Ericsson, CATT)
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 1-6   Differential reporting for RSTD - granularity
The issue relates to RAN2 LS. Differential RSTD reporting is used to reduce the signaling overhead for RSTDs that are measured on the same TRP pair, i.e., if RSTD1 and RSTD2 are measured on the same pair of TRP, then differential RSTD can be expressed as 
Q: Should the differential reporting granularity be the same as absolute RSTD reporting granularity?
· Option 1: Yes (Qualcomm, Huawei, MediaTek, Intel)
· Option 2: No (CATT)
· Option 3: the granularity for the fine resolution part can be the same, the granularity for the reference (coarse) part can be smaller (Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views.
Sub-topic 1-7   Differential reporting for RSTD - reporting range
Q: should the differential RSTD reporting range be single-sided (only positive values) or double-sided?
· Option 1.  Double-sided; both negative and positive range (Intel, Ericsson)
· Note (Ericsson): double sided for the reference (coarse) table and single sided (0 to 32 Tc with 1 Tc resolution) for the relative (finer-granularity) table
· Option 2. Single-sided; only positive range (Huawei, Qualcomm, CATT, MediaTek)
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 1-8   Differential reporting for RSTD - min/max value
· Option 1.  ± (250us+65ns) for FR1, ±(62.5us+65ns) for FR2 (Intel)
· Option 2. [0, 31Tc] (CATT)
· Option 3. [0, 4.17 5 us] (Huawei, Qualcomm, MediaTek)
· Option 4. [0, 8us] (Qualcomm)
· Option 5. ± 66.6 us in the reference (coarse) table and [0, 32Tc] with 1 Tc resolution in the relative (finer-granularity) table (Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 1-9   Differential reporting for RSTD – basic approach
· Option 1: The differential reporting has the same structure and the same number of tables as the absolute reporting (Ericsson, CATT, MediaTek)
· Other options are not excluded.
Recommended WF: Further discussion needed. Collect companies’ views. 
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 1-1   Uniform vs. Non-uniform granularity
Support option 2. As discussed in our paper, a TRP with large RSTD e.g. close to 500us may also be close in distance to UE and reference TRP. To say the least, a TRP with large distance to UE and reference TRP is not necessarily less useful for positioning fix.
Sub-topic 1-2   Number of report mapping tables
Support option 2. One mapping table should be defined for each granularity. We do not see any benefit to combine the mapping for different granularities in one table, but instead it will complicate the specification because RAN4 or RAN2 needs to describe how the bit string is mapped to indexes and how the indexes are mapped to values, which is not straightforward.
Sub-topic 1-3   RSTD range in FR2 for report mapping table
Support option 1. Similar comments as for Sub-topic 1-1.
Sub-topic 1-4   Relative fine-granularity report mapping table (LTE approach)
Support option 1. We have no backward compatibility issue, so we do not see clear benefit in using relative mapping table. 
Sub-topic 1-5   Parameter k
Q1: Support option 2. We do not have strong view, but considering that the bit-width for the reporting is decided by the UE, UE can anyway choose the granularity to be used (k value). Technically, the achievable granularity is up to UE implementation. To restrict UE from using too coarse granularity, we are also open to define the maximum k value UE can use based on the PRS configuration.
Q2: Support option 3. As commented for Q1, if UE uses 22-bit for reporting the +/-500us range, it means k=-1; if UE use 21-bit, it means k=0; and so forth. We do not see the need for capability reporting – if UE cannot support reporting with k=-1 it can simply use <= 21-bit for reporting. We do not see the need to define rules for the applicable k values (except a possible maximum value) as it would limit UE implementation.  
Q3: Support option 1, for future proof. 
Sub-topic 1-6   Differential reporting for RSTD – granularity
Support option 1. Differential reporting is for RSTD between additional PRS resource pairs under same TRP pair, and there is no reason why one resource pair can be measured with finer granularity than another. It should be noted that differential reporting is introduced only for saving the signaling overhead.
Sub-topic 1-7   Differential reporting for RSTD - reporting range
Support option 2. The resource pair giving smallest RSTD can be reported with absolute value, so the differential reporting only needs to cover positive values.
Sub-topic 1-8   Differential reporting for RSTD - min/max value
Support option 3. We are also fine with option 4, or [0, 4.17]us which is used for additional path reporting in LTE. It should be noted that the range cannot be too large, otherwise the reported values are of no use for positioning fix. 
Sub-topic 1-9   Differential reporting for RSTD – basic approach
Support option 1 based on our proposals for the absolute reporting, but it’s better to wait for outcome for the absolute reporting. 

	Ericsson
	Sub-topic 1-1: we prefer option 1
Sub-topic 1-2: We prefer option 6, the LTE approach but taking into account k in a flexible way as a parameter, as discussed in R4-2004668. For FR1 and FR2, we only need different kmin and kmax, but no need to have separate tables per FR and/or per k.
Sub topic 1-3: option 1
Sub topic 1-4: it’s better to just have 2 tables in total than separate tables per FR and/or per k etc. The two tables are based on the LTE approach, as discussed in R4-2004668.
Sub topic 1-5: 
· Q1: 
· We prefer Option 3: it’s a flexible option which follows the network-configured k unless it is outside [kmin; kmax], in which case the UE can choose e.g. the closest k from the range [kmin; kmax], the UE does not necessarily need to signal the selected k since the NW may be able to understand this from the reported measurement.
· we do not support option 1 which is too restrictive because the network may not always know the appropriate k. 
· We do not support option 2 because selecting parameter by UE may not aligned with RAN1 and RAN2 thinking. 
· Q2: first we need to decide whether it is signaled or not. k should not be the UE capability (i.e., disagree with option 1) but should be based on the rules in the mapping tables (i.e., we prefer option 2). Option 3 is inefficient since it leads to other inefficiencies in the entire report mapping approach.
· Q3: how is the need for k=-1 justified?
Sub-topic 1-6/1-7/1-8: in the first round, it’s better to focus on the approach, why are we diving into details without deciding on the approach?
Moderator: companies are free to share their opinion on the listed topics. At least 1-7 and 1-8 does not have dependency on previous topics. 
· Further clarification/response: the reason is that, e.g., the sub-topics on differential reporting are formulated to suggest a certain approach, e.g., how can we decide granularity (sub-topic 1-6) if we have not agreed whether it is uniform or non-uniform?
Sub-topic 1-9: prefer option 1, 
· Further clarification: but also agree with Qualcomm that the range can be FFS (e.g., can perhaps be smaller than for absolute measurement?)

	CATT
	Sub-topic 1-1: We prefer option 2 i.e. uniform granularity, as our paper R4-2003285 described, there is only 1 bit difference on the signaling overhead, and there are no any improvements for non-uniform granularity but adding the complexity of reporting.
Sub-topic 1-2: We are fine for both option 2 and option 4. To simplify, we propose option 4, i.e. define a fix table per FR, in this way, the definition of ‘k’ is unnecessary, so to be alignment with RAN1’s agreement, we can also agree to define one table per ‘k’, we just need to define each table based on value ‘k’ in the specification, and UE choose one table to use according configured ‘k’ when reporting.
Sub-topic 1-3: We prefer option 1, the reporting range in FR2 is defined same as FR1.
Sub-topic 1-4: We support option 1, we think the relative table is quite unnecessary, since we can use one table to derive the granularity we want using the same signaling bit. Using relative table cannot save any bit and adding the complexity of indication. 
Sub-topic 1-5: For Q1, we support option 1, when the ‘k’ is used, it should be configured by NW and UE can just follow it. Since the bandwidth and SCS which is related accuracy is configured to UE by NW, even the bandwidth that UE worked is smaller than configured and cannot achieve the accuracy with full bandwidth, the configured ‘k’ can still apply, UE can still find a value in reporting table to report but leaving some values not used. But if all companies agree, we are also fine for option 2.
For Q3, We prefer option 2, we think k=0 is enough for current report granularity, it can be expanded to -1 in future if needed but not now.
Sub-topic 1-6: We support option 2, since the differential report reflects the difference of measurement for different DL PRS resource within the same pair of TRP which is small. So we propose to use a smaller range and granularity for differential report. At least half of absolute granularity is used. 
Sub-topic 1-7: We support option 2.
Sub-topic 1-9: We support option 1, first, I think the measurement difference of DL PRS resource is almost same for different bandwidth, but due to the different report granularity, the differential report value may be different and is related to absolute report granularity, so the differential report can use the same structure as absolute report.

	Apple
	Issue 1-1: support option 1 as we analyzed in our paper to sustain the tradeoff of reporting coverage and the signaling overhead. 
Issue 1-2: support option 1 as two tables (generic table and relative table) per k. We disagree with one table per k, because we have agreement in RAN4#93 meeting that “The Max/Min reported values are same as in LTE for FR1 and FR2”, to us this reported values means the number of indexs in the mapping table. With this agreement, we don’t think one table is enough to contain all the mapping values.
Issue 1-3: Support option 3. The coverage of FR2 is obviously smaller than FR1, don’t understand why need to use the max FR1 RSTD to FR2 case. To us, it’s overdesigned. 
Issue 1-4: Support option 2.
Issue 1-5: 
Q1: Support option 2. The baseline granularity is determined by measurement BW, FFT size and SCS. For example, UE may use active BW to measure PRS rather than the configured PRS BW, and it will decide the real k used by UE, and also whether to perform higher FFT or oversampling is UE implementation, it’s better to let UE choose the k. 
Q2: Support option 2. But agree that this issue depends on the conclusions from the previous issue of how to design the table.
Q3: support option 2.

	Qualcomm
	Sub-topic 1-1: We support option 2. As Huawei mentioned, with async NW deployment 0.5 ms RSTD can happen even for a TRP that is very close.
Sub-topic 1-2: we support option 2 and share the same views as Huawei. Having one table per k makes signaling in RAN2 spec straightforward and also respects the RAN1 agreement. Option 6 has different rules for edges and center and does not enable a consistent signaling of parameter k that UE used for reporting, (i.e, UE sometimes follows and sometimes adjusts k). Following LTE approach is not always the best course of action. The concerns that were raised by Apple which led to option 1 can be addressed with option 2. UE can select any k that it is suitable for its implementation as long as it meets the accuracy requirements. Options 3-5 has the drawback that signaling overhead is always based on the finest granularity in the table even if PRS BW is small and the parameter k signaled to UE is large. 
Subtopic 1-3: We support option 1; given our approach.
Subtopic 1-4: We support option 1. Relative report mapping is an LTE approach of later releases based on backward compatibility issues from R9 and is unnecessary in NR. 
Subtopic 1-5: 
Q1: we can support option 2 as well. We note that eventually UE has to meet the accuracy requirements and has to mostly follow the signalled parameter k but we also understand that sometimes LPP may not know the suitable value of k (e.g., when UE BWP switches to a smaller BW). In the end, UE can overwrite the parameter k that was signaled subject to meeting accuracy requirements.
Q2: In our discussion paper, we have shown how this is done via CHOICE structure in ASN.1 which is widely used everywhere for numerous other cases. Ericsson’s comment on inefficiency of signaling is invalid since this method is already commonly used.
Q3: in R17, accuracy requirements are in cm range for IIoT applications. K=-1 will future proof the spec but if there is strong view against it, we can postpone it to R17.
Sub-topic 1-6: Support option 1. Differential RSTD should have the same granularity as the absolute RSTD. If  and the differential RSTD has a different granularity compared to , then the accuracy of  will be impacted.
Sub-topic 1-7: support option 2. The smallest RSTD for each TRP pair is used for absolute RSTD reporting and differential RSTD reporting only needs to cover the positive range
Sub-topic 1-8: we can also support option 3 and agree with Huawei’s suggestion to harmonize it with AdditionalPath range and make it [0, 4.17us]. We don’t understand why options 1 and 5 are listing such huge numbers given that differential RSTD are deltas of measurement on the same TRP pair. Option 2 is a very limited range.
Sub-topic 1-9: we can agree to option 1 as long as “structure” does not include range. 

	MTK
	Sub-topic 1-1: Support option 1
Sub-topic 1-2: Can support option 4 and option 5. 
For each FR, we prefer one baseline table + one relative table as in LTE. The granularity for the baseline table in FR1 can be 16Tc and the granularity for the baseline table in FR2 can be Tc. Relative tables can be used by UE with advanced capabilities.
Sub-topic 1-3: Support option 1.
Sub-topic 1-4: We support option 2 (see our comments in sub-topic 1-2)
Sub-topic 1-5: 
  Q1: We support option 2, and can support also option 3
  Q2: Support that UE may signal the selection of k to the NW. 
We agree with apple’s proposal that “UE will report k as a granularity capability to network, and network is expected to configure k equal to or larger than UE reported k for the RSTD reporting mapping.”
If can be FFS whether the granularity should be an UE capability or not.
  Q3: Can support both options. But for k = -1, it should be reported by using baseline reporting table plus relative reporting
Sub-topic 1-6: Support option 1
Sub-topic 1-7: Support option 2
Sub-topic 1-8: Support option 3. It is sufficient to using range ~= CP length. It doesn’t make sense to apply FR2 RSTD uncertainty range here. 
Sub-topic 1-9: Can reuse the same structure as the absolute reporting.

	Intel
	Sub-topic 1-1: Slightly prefer uniform report mapping because the higher complexity of non-uniform reporting especially if the multiple tables shall be defined.

Sub-topic 1-2: The principles to consider the different reporting tables can be 
1. whether the reporting ranges is different or not for these tables
2. Whether the reporting granularity is different or not for these tables
So as the different range for FR1 and FR2 and the different resolution rely on “k”, we can define the tables by : one table per “k” per FR. And the value of parameter “k” can be different for FR1 and FR2. 
If the majority views on the same range for FR1 and FR2, we can also compromise to “one table per k” (Opt 2)

Sub-topic 1-3: RSTD report range can depend on the cell coverage closely. Thus, if RSTD reporting range is up to 500us, it means the cell coverage in FR2 can be up to 100km. Obviously it is not a realistic and reasonable assumption.  But we can also compromise to use same range for FR1 and FR2 to aligned with majority companies’ view.
Sub-topic 1-4: For relative reporting, it is unnecessary because in NR we can define the different tables when the different granularity desired. The essential reason for the relative reporting in LTE is the backward compatibility.  
Sub-topic 1-5:  the minimum “k” which UE supported depends on UE capability besides PRS bandwidth (e.g. how the oversampling rate is). But it shall be pre-known by NRPP server before assistance information being forwarded to UE. Therefore, UE can follow the configured “k” by NW by default. Either UE can use more coarse reporting resolution by itself for power saving and less signalling overhead. The exact “k” UE implemented can be included on the reporting results message. In conclusion, our views on these questions can be: 
· Q1: What should be the UE behavior with respect to configured parameter k? 
· Support Option 2: UE selects parameter k (Apple, Huawei, MediaTek)
· Q2: If UE selects parameter k, how is it signaled to NW?
· Support Option 2. According to the defined rules in RSTD report mapping tables (Apple, Ericsson)
· Q3: RAN1 left the decision to include k = -1 to RAN4. Should report mapping tables include k = -1? 
· Support Option 1. Yes (Qualcomm, Intel, Huawei)
Sub-topic 1-6:   Regarding to the main purpose of the differential RSTD is for NLOS/LOS detection, the smaller reporting granularity for the differential RSTD than the absolute RSTD reporting granularity makes no any sense. We support the same granularity for both of them. 
Sub-topic 1-7:  As UE have no any idea about the baseline beam whose PRS measurement results will be reported as the absolute value has the shortest DL TDoA measurement results, the possible difference between them can be negative also. Huawei’s assumption (the smallest RSTD will be reported by the absolute value) was agreed by RAN1 or RAN2. It will introduce more complexity because the indicator for the beam who report the absolute RSTD is needed. 
Sub-topic 1-8:  In our TDoc[R4-2003207] the numeric analysis is given for the possible range. Although such case in our example may be a rare case, it is possible theoretically indeed. But we can also compromise to the smaller range given more realistic deployments and these larger value can be indicated as “out of range”.


 
CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2003292
(CATT)
	Company A

	
	Company B

	
	

	R4-2004669
(Ericsson)
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#1-1
	Uniform vs. Non-uniform granularity
Recommendations for 2nd round: Further discussion needed. 
In previous RAN4 discussions and also system-level and link-level simulation assumptions (R4-1910002 and R4-1915802), NW phase sync error of up to 0.5ms is assumed. Hence, two TRPs that are very close to each other can still be measured with large RSTD due to phase sync error. Proponents of option 1, please comment on how non-uniform granularity can address this issue. 

	Sub-topic#1-2
	Number of report mapping tables
Recommendations for 2nd round: Further discussion needed. 
If report mapping table is a function of parameter k (Options 1-3), signaling overhead in measurement reporting is proportional to parameter k. Moreover, an inherent signaling of parameter k used in measurement reporting to NW is built in. Options 4-6 have fewer number of tables but signaling overhead in measurement reporting is constant (or function of FR in option 4).

	Sub-topic#1-3
	RSTD range in FR2 for report mapping table
Recommendations for 2nd round: Further discussion needed. 
Although concerns raised by proponents of options 2-3 are valid, it appears that majority of companies support following RAN1 agreement below (option 1).
Agreement:
The expected RSTD value is a single value defined as the RSTD the UE is expected to measure (at the UE location).
· The value range of the expected RSTD is +/- 500 us. 
· The value range for the uncertainty of the expected RSTD is
· When any of the resources used for the DL positioning measurement are in FR1: +/- 32 us
· When all of the resources used for the DL positioning measurement are in FR2: +/- 8 us



	Sub-topic#1-4
	Relative fine-granularity report mapping table (LTE approach)
Recommendations for 2nd round:
Defer discussion to after the conclusion of sub-topic 1-1 and 1-2. 

	Sub-topic#1-5
	Parameter k
Recommendations for 2nd round:
Further discussion needed.
For Q1, option 1 (UE simply follows signaled k) can now be removed since proponents are willing to support option 2. For Q1, Can proponents of option 3 comment whether there is an issue with option 2 as long as UE meets the accuracy requirements?   

	Sub-topic#1-6
	Differential reporting for RSTD - granularity
Recommendations for 2nd round:
Defer discussion until after the conclusion of sub-topics 1-1, 1-2, 1-4, 1-5.

	Sub-topic#1-7
	Differential reporting for RSTD - reporting range
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 2.
Proponents of option 1, please elaborate why differential RSTD reporting can be negative. UE measures all N RSTDs corresponding to the same TRP pair (N is UE capability) first, then finds the smallest RSTD, and reports the smallest in absolute form and tags it with nr-DL-PRS-ResourceId-r16 and nr-DL-PRS-ResourceSetId-r16. The remaining N-1 RSTDs will be additional (positive) terms added to the smallest RSTD. If PRS-RSRP is configured to be reported with RSTD, differential PRS-RSRP can be negative or positive since there is no guarantee that smallest RSTD is associated with strongest RSRP. But both differential RSTD and RSRP do not have to be double-sided.

	Sub-topic#1-8
	Differential reporting for RSTD - min/max value
Recommendations for 2nd round:
Further discussion needed.
Option 4 can now be removed. Option 3 is modified to [0, 4.17us]. Proponents of options 1 and 5, please elaborate why such large range is needed for differential reporting of RSTD with respect to the “same” TRP pair. 

	Sub-topic#1-9
	Differential reporting for RSTD – basic approach
Recommendations for 2nd round:
Further discussion needed and also be deferred to after conclusion of absolute report mapping structure.



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: PRS-RSRP report mapping
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003286
	CATT
	Proposal : The minimum value of PRS-RSRP report mapping should be defined -156dBm.
Proposal: The granularity of delta measurement reporting for PRS-RSRP is 0.5dB and the reporting range is from 0dB to -30dB.
Proposal: For additional path report of PRS-RSRP, the absolute report mapping table is used.

	R4-2003509
	MediaTek
	Proposal : The minimum value of SS-RSRP reporting table, namely -140 dBm, can be reused for PRS-RSRP reporting
Proposal : Reuse SS-RSRP differential reporting design for PRS-RSRP differential report, i.e., 30dB as maximum range and 2dB as step size

	R4-2004359
	Huawei,HiSi
	Proposal : For absolute PRS-RSRP reporting, re-use the same report mapping as SS-RSRP, i.e. the range is from -156dBm to -31dBm.
Proposal : For differential PRS-RSRP reporting, the range is from -30dBm to 0, and the granularity is 1dB.

	R4-2004671
	Ericsson
	Proposal : For PRS-RSRP, reuse measurement report mapping specified for Rel-15 SS-RSRP L3 reporting, i.e., from -156 dBm to -31 dBm with 1 dB resolution (the measurement report mapping consists of 128 values).
Proposal : The reporting range for differential PRS RSRP reporting when the PRS resources of the two PRS RSRP measurements are FDM-ed, i.e., in the same or overlapping time resources, is [-27 dB; 27 dB] with 1 dB resolution step.
Proposal : The reporting range for differential PRS RSRP reporting when the PRS resources of the two PRS RSRP measurements are TDM-ed, i.e., in different non-overlapping time resources, is [-156 dB; 156 dB] with 1 dB resolution step.

	R4-2003568
	Qualcomm
	Proposal . Minimum PRS-RSRP value in report mapping table to be -140 dBm.
Proposal . PRS-RSRP differential report mapping table to be as in Table 1.
· Range -30 to 30 dB
· Step size 1 dB



Open issues summary
Sub-topic 2-1  Minimum absolute value
From previous meeting, two options were listed: -156 dBm and -140 dBm corresponding to SS-RSRP with L3 filtering and without L3 filtering.
· Option 1: -140 dBm (MediaTek, Qualcomm)
· Option 2: -156 dBm (CATT, Huawei, Ericsson, Intel)

Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 2-2  Maximum absolute value
In RAN4#93, it was already agreed to use -44 dBm as the maximum absolute PRS-RSRP. However, given the proposals in this meeting, it appears that some companies want to revisit this agreement. 
· Option 1: -44 dBm; as agreed earlier in RAN4 (Qualcomm, MediaTek, CATT, Intel)
· Option 2: -31 dBm (Ericsson, Huawei)

Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 2-3  Differential reporting for RSRP - range
It is noted that differential RSRP reporting has two use cases per RAN1/RAN2 agreements: 1) DL-AoD as the main measurement, 2) DL-TDOA and multi-RTT as an auxiliary and optional measurement.

Q: should the range in the differential reporting for RSRP be single-sided (only negative values) or double-sided?
· Option 1.  Double-sided; both negative and positive range (Qualcomm, Ericsson, Huawei, CATT, Intel)
· Option 2. Single-sided; only negative range (MediaTek, Huawei)
· Option 3. Single-sided; only negative range for DL-AoD and double-sided for DL-TDOA and multi-RTT (MediaTek, Qualcomm)

Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 2-4  Differential reporting for RSRP - min/max values of the range

· Option 1. +/- 30 dB (Qualcomm, Huawei, CATT, Intel)
· Option 2. -30 dB for DL-AoD and +/- 30 dB for multi-RTT and DL-TDOA (MediaTek, Qualcomm)
· Option 3. (Ericsson)
· +/- 27 dB when PRS resources of the two PRS RSRP measurements are FDM-ed 
· +/- 156 dB when PRS resources of the two PRS RSRP measurements are TDM-ed

Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 2-5  Differential reporting for RSRP - granularity

· Option. 0.5 dB (CATT)
· Option 1. 1 dB (Qualcomm, Huawei, Ericsson, CATT)
· Option 2. 2 dB (MediaTek, Intel)

Recommended WF: Further discussion needed. Collect companies’ views. 
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 2-1  Minimum absolute value
Support option 2. We do not see a benefit to limit the range to -140dBm, as there is no saving in the signalling overhead. On the other hand, it will have limit on the possible use cases. 
Sub-topic 2-2  Maximum absolute value
Support option 2. Though we acknowledge that PRS-RSRP beyond -44dBm may be rare case, we do not see a benefit to limit the range, as there is no saving in the signalling overhead.
Sub-topic 2-3  Differential reporting for RSRP – range
Now we understand the issue, and we are fine with option 1 for the case when PRS-RSRP is reported together with RSTD or Rx-Tx.
Sub-topic 2-4  Differential reporting for RSRP - min/max values of the range
Based on sub-topic 2-3, we are now fine with option 1. We do not quite understand option 3, maybe Ericsson can clarify a bit. In our understanding, the differential values are measured from different PRS resources in the same resource set, so why is it dependent on whether the resources are TDMed or FDMed?
Sub-topic 2-5  Differential reporting for RSRP – granularity
Support option 2 (1dB).

	Ericsson
	Sub-topic 2-1: prefer option 2 and do not understand the motivation behind option 1. The range for positioning RSRP cannot be smaller than that for Rel-15 RSRP, especially given the neighbor cells for positioning can be further away than for mobility.
Subtopic 2-2: It should be -31 dBm (i.e., option 2) according to the earlier agreement: WF in R4-195854 (RAN4#93) states:
· Reuse the maximum valid value of the existing SS-RSRP report mapping (-44 dBm)
· Reuse the resolution of the existing SS-RSRP report mapping (1 dB)
Clearly the agreement was to reuse the maximum value in the existing mapping. Mistakenly -44 dBm instead of -31 dBm was mentioned in bracket (actually, Ericsson was behind the typo, we apologize). 
Sub-topic 2-3. It has to be double-sided since we cannot ensure that the reporting is always with the strongest
Sub-topic 2-4: the FDM case is more limited in the range than the TDM case.
· Further clarification: at least for some UEs, the FDM-ed measurements cannot be different by more than 27 dB (e.g., we already have the condition |SSB_RP1dBm - SSB_RP2dBm| ≤ 27 dB in some requirements), for TMD-ed measurements the range can be larger but we are Ok to have it smaller than +/-156 dB but still it has to be larger than +/-27 dB. Note also that it has to be also larger than +/-30 dB defined which was derived for beam management and thus for serving cell only, while for neighbor cells the differences will be over a larger range.
Sub topic 2-5: we propose 1 dB.

	CATT
	Sub-topic 2-1: support option 2, the reporting range of L1-RSRP is defined based on -6dB side condition, but for PRS-RSRP, the side condition of neighbor cell can be -13dB, so the minimum reporting value shall be smaller. But for maximum reporting value, the value for L1-RSRP can be reused.
Sub-topic 2-2: support option 1, see comment in Sub-topic 2-1
Sub-topic 2-3: support option 1 considering the use case that PRS-RSRP is configured along with RSTD or UE Rx-Tx time difference.
Sub-topic 2-4: support option 1, see comment in Sub-topic 2-3
Sub-topic 2-5: change to support option 2（1dB）, for power measurement, the differential report may not need to use a smaller granularity than absolute report, we agree to use the same granularity as absolute report, i.e. 1dB.

	Qualcomm
	Sub-topic 2-1: our preference is option 1. Assuming sensitivity levels for FR1 and FR2 bands and even assuming -13 dB SINR side condition, -140 dBm is more than enough. We also note that -15 dBm in SS-RSRP is only with L3 filtering which is not supported for positioning. However, if all companies are in favor of using -156 dBm, we can also compromise to option 2. 
Sub-topic 2-2: -31 dBm is too strong of a signal and we fail to understand how much more useful it can be compared to -44 dBm. Similar to sub-topic 2-1, this value is supported when L3 filtering is present. But we are also ok with -31 dBm.
Sub-topic 2-3: option 1.
Sub-topic 2-4: only +/- 30 dB (i.e, option 1). Just putting FDM/TDM argument aside (which is false anyway), Can Ericsson explain how would LPP treat a measurement report differently when it is 1000 times stronger/weaker than another compared to when it is 10^10 times stronger/weaker? What is the point of this massive range? We cannot agree to option 3.
Sub-topic 2-5: 1 dB resolution is agreeable to us.

	MTK
	Sub-topic 2-1: Support option 1
Sub-topic 2-2: Support option 1
Sub-topic 2-3: We add an option 3 as shown above.
Sub-topic 2-4: Support option 1 for DL-TDOA and multi-RTT
  Support option 2 for DL-AoD
Sub-topic 2-5: Support option 2

	Intel
	Sub-topic 2-1 : as SINR side condition for PRS measurement is potentially lower than -3dB (e.g. -6 dB for the reference cell, -13dB for the neighbour cell), the lower minimum value is more reasonable. So we support Option 2.

Sub-topic 2-2 : support Option 1(-44dBm) as same reason above.
Sub-topic 2-3 : Support Option 1 (both side different RSRP reporting) the reason is same as that for PRS RSTD differential reporting. Other relevant question @Qualcomm, if the differential RSRP is both side, why shall the RSTD differential report be single side?

Sub-topic 2-4 : Support Opt1 as similar as L1 RSRP differential reporting 
Sub-topic 2-5 : Support Opt2 (2dB) as similar as L1 RSRP differential reporting


 
CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2004672 (Ericsson)
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#2-1
	Minimum absolute value
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 2.

	Sub-topic#2-2
	Maximum absolute value
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1.

	Sub-topic#2-3
	Differential reporting for RSRP - range
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1.
Option 3 is added by MediaTek. However, with one differential report mapping table that covers both positive and negative ranges, option 3 can also be included. For DL-AoD, the range of applicable differential values can be limited to negative range only.

	Sub-topic#2-4
	Differential reporting for RSRP - min/max values of the range 
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1.
Option 2 is added by MediaTek. However, with one differential report mapping table that covers both positive and negative ranges, option 2 can also be included. For DL-AoD, the range of applicable differential values can be limited to negative range only. Can any value greater than +/-30 dB differential be of any use to the NW (option 3)? 

	Sub-topic#2-5
	Differential reporting for RSRP – granularity
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1. 
Granularity of 1 dB does not have any implication on accuracy requirements.



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #3: Rx-Tx time difference report mapping
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003298
	CATT
	Proposal ：UE Rx-Tx time difference measurements report mapping is defined uniformly.
Proposal ：The absolute report mapping of RSTD measurement is defined per FR and the reporting range is defined as -983040Tc to 983040Tc with granularity of Tc for FR2 and 4Tc for FR1.
Proposal ：The reporting range of differential report is defined as [0, 31Tc] with resolution Tc/2.
Proposal ：Use the absolute UE Rx-Tx time difference report mapping table for additional path report.

	R4-2003510
	MediaTek
	Proposal : For the UE Rx-Tx time difference mapping table
· One mapping table for both FR1 and FR2
· Time resolution is 4Tc for | Rx-Tx_time_diff | < 4096Ts
· Time resolution is 16Tc for | Rx-Tx_time_diff |   4096Ts
Proposal : The UE Rx-Tx time difference reporting granularity is a UE capability. UE may report its capability to the network

	R4-2004360
	Huawei, HiSi
	Proposal : The report mapping for absolute Rx-Tx time difference is defined by following principles.
· The reporting range is from -500us to +500us for FR1, and from -125us to +125us for FR2,
· The reporting granularity k is to be chosen by UE 
· The minimum value is -1 
· The maximum value is corresponding to the nominal granularity, which is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support)
· The reporting granularity is uniform across the whole range
· One mapping table is defined for each k value, and relative reporting is not used
Proposal : Do not introduce reporting of NTA_offset to LMF.
Proposal : The report mapping for differential Rx-Tx time difference is defined by following principles.
· The reporting granularity k is same as for the absolute Rx-Tx time difference
· The range for additional resource reporting is from 0 to +5us

	R4-2004411
	Ericsson
	Observation: The differential UE Rx-Tx between different PRS resources of the same TRP is not likely to be very large.  
Proposal : Define UE Rx-Tx report mapping with non-uniform granularity.
Proposal : Define differential UE Rx-Tx report mapping with uniform granularity.
Observation: The sampling rates which impact granularity and in turn the mapping tables are very different in FR1 and FR2. Support of UE Rx-Tx in FR1 or FR2 is UE capability. 
Proposal : Define separate UE Rx-Tx report mapping for FR1 and FR2.
Observation: The UE Rx-Tx can have negative values in unsychronized FDD and also in unsynchronized TDD e.g. when serving and neighbor cells belong to bands with large frequency separation. 
Proposal : For neighbor cell define double sided symmetrical UE Rx-Tx report mapping.
Observation: The UE Rx-Tx can have negative values in unsychronized FDD and also in unsynchronized TDD e.g. when serving and neighbor cells belong to bands with large frequency separation. 
Proposal : UE Rx-Tx mapping is defined with all possible NTA offset values.
Proposal : UE Rx-Tx mapping in FR1 is defined for k ≥ 2.
Proposal : UE Rx-Tx mapping in FR2 is defined for k ≥ 0.
Observation: In FR1, gNB configures one of the three possible values of[image: ]which impacts the UE Rx-Tx mapping. 
Observation : LMF needs to be aware of the NTA offset used by the UE for deriving the UE reported UE Rx-Tx measurement value.
Proposal : In FR1 the UE signals the information about the NTA offset along with UE Rx-Tx measured value for enabling LMF to derive the reported value.
Observation: gNB needs to be aware of the granularity parameter (k) used by the UE for deriving the UE Rx-Tx measured value reported to the gNB.
Proposal : The UE shall signal the granularity parameter (k) used for deriving the reported value when reporting UE Rx-Tx measured value to gNB.
Proposal : The basic principle is that the resolution shall not be larger than 32 Tc and 128 Tc for lower and upper parts respectively of the report mapping. The resolution proportionally increases with k as shown below:
[bookmark: _Hlk37091124]Proposal : In FR1, for UE Rx-Tx measured only on the serving cell, the largest number of reportable values (for k =2) shall be 131041.
Proposal: In FR2, for UE Rx-Tx measured only on the serving cell, the largest number of reportable values (for k =0) shall be 262016.
Observation: UE configured with multi-RTT positioning is required to report the UE Rx-Tx measurement from multiple cells with measured value which can be larger than the maximum value in the UE Rx-Tx report mapping being defined for only serving cell measurement.
Proposal : For neighbor cell the UE Rx-Tx report mapping is obtained by extending the upper and lower bounds of the UE Rx-Tx report mapping defined for serving cell by 10308*64 Tc resulting in the maximum absolute range corresponding to RSTD in LTE.
[bookmark: _Hlk32538957]Proposal : In FR1, for UE Rx-Tx measured on neighbor cell, the largest number of reportable values for (k =2) shall be 344545.
Proposal : In FR2, for UE Rx-Tx measured on neighbor cell, the largest number of reportable values for (k =0) shall be 1378177.
Observation: Since differential UE Rx-Tx of different PRS resources from the same TRP may not vary significantly, therefore quantization error should be kept small and range can be limited.
Proposal : In FR1, for differential UE Rx-Tx measurement on the same TRP (serving or neighbor cell), the largest number of reportable values for (k =2) shall be 982.
Proposal : In FR2, for differential UE Rx-Tx measurement on the same TRP (serving or neighbor cell), the largest number of reportable values for (k =0) shall be 3922.
Observation: It might be challenging for UE to report UE Rx-Tx with finer granularity for smaller BW of PRS/SRS e.g. for k=0 with PRS BW = 50 MHz in FR2 or k=2 with PRS BW = 10 MHz in FR1.
Proposal : Analyze whether UE Rx-Tx report mapping can be applied for all values of k regardless of the BW of PRS and SRS configured for UE Rx-Tx measurement.

	R4-2003569
	Qualcomm
	Proposal . Range of reported UE Rx-Tx timing difference to be [-0.5, 0.5] ms, i.e., same as RSTD reporting range.
Observation . In LTE, including NTA,Offset in the reporting of UE Rx-Tx timing difference measurement is optional. 
Proposal . Rx-Tx time difference report mapping tables to not include NTA,Offset .
Proposal . Absolute and differential RSTD report mapping tables to be as in Tables A-1 to A-7.



Open issues summary
Sub-topic 3-1   Uniform vs. Non-uniform granularity
The issue is whehter the entire range of Rx-Tx timing difference report mapping table is covered with a uniform step size (granularity) or larger granularity is used for edges (as in LTE). 
· Option 1. Non-uniform granularity in report mapping table(s) similar to LTE (MediaTek, Ericsson)
· Option 2. Uniform granularity in report mapping table(s) (CATT, Huawei, Qualcomm, Intel)
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 3-2   Dependence on NTA,Offset
Issue 3-2-1: The issue is whehter the Rx-Tx timing difference report mapping tables shall be dependent on NTA,Offset 
· Option 1. Independent of NTA,Offset (MediaTek, Qualcomm, CATT, Huawei, Intel)
· Option 2. Dependent of NTA,Offset (Ericsson)
Issue 3-2-2: If Rx-Tx timing difference report mapping tables shall be dependent on NTA,Offset then does NTA offset needs to be signaled to LMF?
· Option 1. Yes (Ericsson)
· Other options are not excluded.

Issue 3-2-3: If NTA offset is excluded, should RAN4 define a UE behavior?
· Option 1 (Ericsson): Yes, UE shall exclude it for deriving UE Rx-Tx (otherwise the coverage will shrink by NTA offset)
· Option 2 (Huawei, Qualcomm): No.
Recommended WF: Further discussion needed. Collect companies’ views. 
Sub-topic 3-3   Dependence on measurement of serving or neighbor cell
The issue is whether the Rx-Tx timing difference report mapping tables shall be dependent on measurement of serving or neighbor cell 
· Option 1. Independent of serving/neighbor (MediaTek, Qualcomm, CATT, Huawei, Intel)
· Option 2. Dependent of serving/neighbor (Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 3-4   Number of report mapping tables
The issue is how many report mapping tables should be specified in TS 38.133. 
· Option 1. One table per k (Qualcomm, Huawei, CATT, Intel)
· Option 2. One table per FR (CATT, MediaTek)
· Option 3. One table (MediaTek)
· Option 4. One table per NTA,offset per serving and per neighbour cell and one for each k value; total depends on agreed range of k values (Ericsson)
· Other options are not precluded. 
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 3-5   Rx-Tx time difference range for report mapping table
The issue is the max RSTD range in FR2 that should be reflected in report mapping table. 
· Option 1. Same as RSTD (MediaTek, Qualcomm, CATT, Huawei, Intel)
· Option 2. Same as RSTD for FR1. Scaled down by 4 in FR2 (+/- 125 us) (Huawei, Intel)
· Option 3. Function of NTA,offset and whether serving or neighbour cell (Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 3-6   Relative report mapping table 
The issue is whether two report mapping table is needed: one for reporting a coarse value of Rx-Tx timing difference and one for refining the reported Rx-Tx timing difference based on smaller granularity. This approach was taken in later release of LTE. This should not be confused with differential report mapping which is discussed in a separate sub-topic. 
· Option 1. No (Qualcomm, CATT, Huawei, MediaTek, Ericsson, Intel)
· Option 2. Yes 
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 3-7   Parameter k
The issues related to parameter k are diverse and thus, companies are asked to reply to the questions below as raised in Tdocs. 
· Q1: What should be the UE behavior with respect to configured parameter k? 
· Option 1: UE simply follows configured parameter k (Qualcomm)
· Option 2: UE selects parameter k (Huawei, MediaTek, Qualcomm, CATT, Intel)
· Option 3: UE selects parameter k with k 2 for FR1 and k 0 for FR2 (Ericsson)
· Q2: If UE selects parameter k, how is it signaled to NW?
· Option 1. UE capability signaled to NW (MediaTek)
· Option 2. UE shall signal the granularity parameter (k) used for deriving the reported value when reporting UE Rx-Tx measured value to gNB (Ericsson)
· Option 3. One report mapping table per k ; bitwidth corresponding to each k is different enabling NW to identify which k was used (Huawei, Qualcomm)
· Q3: RAN1 left the decision to include k = -1 to RAN4. Should report mapping tables include k = -1? 
· Option 1. Yes (Qualcomm, Huawei, Intel, MediaTek)
· Option 2. No (MediaTek, Ericsson, CATT)
· Q4: Regardless whether UE selects or not k, does k need to be signaled to gNB for reporting UE Rx-Tx to gNB? 
· Option 1. Yes (Ericsson)
· Option 2. No (Qualcomm, Huawei, Intel, MediaTek)
· Other options are not excluded.

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 3-8   Differential Rx-Tx timing difference reporting granularity
The issue relates to RAN2 LS. Differential Rx-Tx timing reporting is used to reduce the signaling overhead for measurements on the same TRP, i.e., if RxTx1 and RxTx2 are measured for the same TRP, then differential RxTx can be expressed as 
Q: Should the differential Rx-Tx timing difference reporting granularity be the same as absolute reporting granularity?
· Option 1: Yes (Qualcomm, Huawei, MediaTek, Intel)
· Option 2: No (Ericsson, CATT)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 3-9   Differential Rx-Tx timing difference reporting range
Q: should the differential Rx-Tx timing difference reporting range be single-sided (only positive values) or double-sided?
· Option 1.  Double-sided; both negative and positive range (Ericsson, Intel)
· Option 2. Single-sided; only positive range (Huawei, Qualcomm, CATT, MediaTek)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 3-10   Differential Rx-Tx timing difference reporting min/max value
· Option 1. [0, 31Tc] (CATT)
· Option 2. [0, 4.17 5 us] (Huawei, Qualcomm, MediaTek)
· Option 3. [0, 8us] (Qualcomm)
· Option 5. ± 1960Tc (Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 3-1   Uniform vs. Non-uniform granularity
Rx-Tx can be measured from neighbour cells, which may be not require synchronization to UE’s serving cell. Depending on the transmit timing difference between the neighbour cell and UE’s serving cell, a neighbour TRP with large Rx-Tx e.g. close to 500us may also be close in distance to UE.
Sub-topic 3-2   Dependence on NTA,Offset
Issue 3-2-1: Support option 1. As long as the range for the reporting can accommodate NTA,Offset with the largest distance between UE and the neighbor cell, there is no need to have mapping table dependent on NTA,Offset.
Issue 3-2-2: NTA,Offset will be cancelled out when UE Rx-Tx and gNB Rx-Tx are added together for positioning fix, so there is no need for LMF to know the exact NTA,Offset value.
Issue 3-2-3: As commented for Issue 3-2-1, there is already enough margin in the reporting range considering the coverage, so there is no need for UE to exclude the NTA,Offset from reported value.
Sub-topic 3-3   Dependence on measurement of serving or neighbor cell
Support option 1. A generic report mapping should be sufficient. 
Sub-topic 3-4   Number of report mapping tables
Support option 1, same as for RSTD.
Sub-topic 3-5   Rx-Tx time difference range for report mapping table
Support option 2. Considering the possible scenarios, +/- 125us should be enough for FR2, and it should be noted that cells in an FR2 band will be synchronized. However, we are also fine with option 1 as a compromise to move forward.
Sub-topic 3-6   Relative report mapping table
Support option 1, same as for RSTD.
Sub-topic 3-7   Parameter k
Q1: support option 2, same as for RSTD.
Q2: support option 3, same as for RSTD.
Q3: support option 2, same as for RSTD.
Q4: we understand the question is same as Q2, and if so we are fine with option 1.
Sub-topic 3-8   Differential Rx-Tx timing difference reporting granularity
Support option 1, same as for RSTD.
Sub-topic 3-9   Differential Rx-Tx timing difference reporting range
Support option 2, same as for RSTD.
Sub-topic 3-10   Differential Rx-Tx timing difference reporting min/max value
Support option 2, same as for RSTD, we are also fine with option 4 or [0, 4.17]us.

	Ericsson
	Sub-topic 3-1: option 2. But if sub-topic 3-1 is for the absolute reporting only then option 1 and option 2 are in the same direction.
Sub-topic 3-2: 
· Issue 3-2-1: option 2
· Further clarification: We should not refer to LTE saying that it was optional in LTE, because in LTE the issue was discovered in Rel-13 s there were many UEs by then without the new mapping so of course it could not be mandated, given that the UE release is not known to LMF.
· Issue 3-2-2: option 1
· Issue 3-2-3: option 1
Sub-topic 3-3: option 2 because the measurement for the serving cell is more accurate and over a smaller range in general. Also, the network may be configuring the UE to only report UE Rx-Tx from the serving cell e.g. like in LTE. So, in this case using longer range with more overheads is not very efficient. 
Sub-topic 3-4: option 4
Sub-topic 3-5: Option 3
Sub-topic 3-6: Option 1. The reference table + relative table approach is for LTE RSTD, not for UE Rx-Tx.
Sub-topic 3-7: 
· Q1: option 3
· Q2: option 2
· Q3: option 2, k=0 is already beyond the accuracy, is there any strong justification for k=-1? Is it for FR1 or FR2 or both?
· Q4: option 1, because BS may be not aware of k configured by LMF
Sub-topic 3-8: option 2
Sub-topic 3-9: option 1, because it’s not possible to guarantee that the reference PRS gives the earliest peak; furthermore, UE Rx-Tx can be configured with PRS RSRP for which the earliest and the strongest, respectively, can be different.
Sub-topic 3-10: option 5

	CATT
	Sub-topic 3-1: support option 3, same as RSTD, uniform granularity is preferred
Sub-topic 3-3: support option 1, the report mapping shall be used for all cells.
Sub-topic 3-4 to 3-10: same as RSTD

	Qualcomm
	Sub-topic 3-1: in our view, this issue is exactly the same as issue 1-1 in RSTD report mapping. Support uniform repot mapping.
Sub-topic 3-2-1: even in LTE, including NTA,Offset is optional (please refer to TS 36.355) so there is no justification to include it in NR. We support option 1 (independence from NTA,Offset)
Sub-topic 3-2-2: no need to answer since we support option 1 in 3-2-1.
Sub-topic 3-2-3: Ericsson’s reasoning is not correct. In TS 38.215, the UE Rx-Tx time difference measurement is defined differently compared to LTE: TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node. So regardless of NTA,Offset , distance from UE to serving or neighbor cell, UE Rx-Tx time difference is always bounded to [-0.5, 0.5]ms. There is no shrinkage of range.
Sub-topic 3-3: there is no difference in terms of range or accuracy when the measurement is done by serving or neighbor cells. Support option 1.
Sub-topic 3-4: same as in RSTD. Option 1.
Sub-topic 3-5: same as in RSTD. Option 1. We note again the definition of TS 38.215 for UE Rx-Tx time difference and also note that with QC proposal RSTD and UE Rx-Tx time difference report mapping tables are identical.
Sub-topic 3-6: same reasoning as in RSTD. No need for relative report mapping. Option 1.
Sub-topic 3-7: this issue is similar to that in RSTD. 
Q1: we can support option 2. 
Q2: support option 1.
Q3: support option 1 for k=-1 but no strong view.
Sub-topic 3-8: same reasoning as in RSTD. Differential Rx-Tx report mapping is simply an additional term added to absolute Rx-Tx report which means both terms should have the same granularity. Support option 1. 
Sub-topic 3-9: support option 2. Same reasoning as in RSTD. The smalles Rx-Tx time difference is reported in absolute term and differential value only needs to cover the positive range.
Sub-topic 3-10: we can support option 2 and use [0, 4.17us]. this will be the same as in RSTD.

	MTK
	Sub-topic 3-1: Can support option 1 and 2
Sub-topic 3-2-1: Support option 1
Sub-topic 3-3: Support option 1
Sub-topic 3-4: Can support option 2 and option 3
Sub-topic 3-5: Support option 1
Sub-topic 3-6: Can support both options
Sub-topic 3-7: 
  Q1: Support option 2.
  Q2: Support that UE may signal the selection of k to the NW.  If can be FFS whether the granularity should be an UE capability or not.
  Q3: If k = -1 is to be used, we suggest defining a relative reporting table for granularity k = -1.
  Q4: No, it is not clear why gNB needs to know the k selected by UE.
Sub-topic 3-8: support option 1
Sub-topic 3-9: support option 2
Sub-topic 3-10: support option 2. It suffices the define a range that is close to normal CP length

	Intel
	Sub-topic 3-1 Slightly prefer uniform granularity because of its simplicity. 
Sub-topic 3-2 Support Option 1
Sub-topic 3-3 Support Option 1. Not clear why differentiating the reporting table for serving cell and other neighbor cells.
Sub-topic 3-4. Can follow the same approach as these for PRS RSTD
Sub-topic 3-5. Support Option 2 /Option 1.
Sub-topic 3-6. No relative report 
Sub-topic 3-7. Following same approach for PRS RSTD
Sub-topic 3-8. Support Opt 1.
Sub-topic 3-9. Support Opt 1 (double sides). The consisted definition for the differential RSRP.
Sub-topic 3-10. Shall be same as the differential RSTD report range.


 
CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2003293 (CATT)
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#3-1
	Uniform vs. Non-uniform granularity
Recommendations for 2nd round:
Further discussion needed.
The option discussing both absolute and differential cases is removed since differential case is addressed in sup-topic 3-8. The same issue about the impact of NW phase sync error in async deployments discussed in sub-topic 1-1 also exist here.

	Sub-topic#3-2
	Dependence on NTA,Offset
Recommendations for 2nd round:
Further discussion needed.
It is noted that the definition of UE Rx-Tx time difference measurement in TS 38.215 is different than the LTE definition. Can companies please comment whether the following compromise will be agreeable?
· Report mapping tables will not be a function of NTA offset . The value of NTA offset can be signaled to NW with a separate 2-bit mapping table (since there are 4 possible values for NTA offset )

	Sub-topic#3-3
	Dependence on measurement of serving or neighbor cell
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1.

	Sub-topic#3-4
	Number of report mapping tables
Recommendations for 2nd round:
Defer discussion to after conclusion of sub-topics 3-1, 3-2, 3-3. 

	Sub-topic#3-5
	Rx-Tx time difference range for report mapping table
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1 based on definition of UE Rx-Tx time difference in TS 38.215 which applies regardless of serving/neighbor cells or the value of NTA,offset

	Sub-topic#3-6
	Relative report mapping table 
Agreement: No relative report mapping table to be defined for UE Rx-Tx time difference measurement.

	Sub-topic#3-7
	Parameter k
Recommendations for 2nd round:
Further discussion needed.
For Q1, option 1 can now be removed. Can proponent of option 3 clarify what the issue with option 2 is as long as UE can satisfy the accuracy requirements?
For Q4, can proponent of option 1 clarify why gNB need to know the value of parameter k since the client for the measurement is LMF; not gNB?

	Sub-topic#3-8
	Differential Rx-Tx timing difference reporting granularity
Recommendations for 2nd round
Defer the discussion to after conclusion of sub-topics related to absolute report mapping.

	Sub-topic#3-9
	Differential Rx-Tx timing difference reporting range
Recommendations for 2nd round
Further discussion needed. Try to agree on option 2. 
Proponents of option 1, please elaborate why differential Rx-Tx reporting can be negative. UE measures all N Rx-Tx time differences corresponding to the same TRP (N is UE capability) first, then finds the smallest Rx-Tx, and reports the smallest in absolute form and tags it with nr-DL-PRS-ResourceId-r16 and nr-DL-PRS-ResourceSetId-r16. The remaining N-1 measurements will be additional (positive) terms added to the smallest measurement. This is similar to discussion in sub-topic 1-7.

	Sub-topic#3-10
	Differential Rx-Tx timing difference reporting min/max value
Recommendations for 2nd round
Further discussion needed.
Option 3 can now be removed and option 2 is adjusted to [0, 4.17us].



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #4: AdditionalPath report mapping
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003569
	Qualcomm
	Proposal . The minimum and maximum range of NR-AdditionalPath to be the same as in LTE, i.e., ± 4.17 us. The granularity to follow the signaled parameter k. 

	R4-2004678
	Ericsson
	Proposal: The reporting range for additional path reporting is [-25632 .. 25532] with 32 Tc resolution step in FR1 and with 1 Tc resolution step in FR2, i.e., 513 values in FR1 and 16385 values in FR2.

	R4-2003285
	CATT
	Proposal ：Use the absolute RSTD report mapping table for additional path report.

	R4-2004358
	Huawei, HiSi
	The range for additional path reporting is from -5us to +5us



Open issues summary
Sub-topic 4-1   AdditionalPath reporting granularity
· Option 1: Same granularity as used for RSTD/Rx-Tx timing difference reporting (Huawei, Qualcomm, CATT, MediaTek, Intel)
· Option 2: 32Tc in FR1 and 1Tc in FR2 (Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 4-2   AdditionalPath reporting range
· Option 1.  ± 4.17 us which is the same as in LTE (Ericsson, Qualcomm, MediaTek, Huawei)
· Option 2. ± 5 us (Huawei)
Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 4-1   AdditionalPath reporting granularity
Support option 1. The additional path is measured from additional paths from the same resource pair (RSTD) or resource (Rx-Tx), and there is no reason why additional path can be measured with finer granularity than the ‘first path’. Also to note that differential reporting here is only used for saving the signaling overhead.
Sub-topic 4-2   AdditionalPath reporting range
We are also fine with option 1.

	Ericsson
	Sub-topic 4-1: Option 2, same as in LTE for FR1 and the same range as in LTE but with 1 Tc resolution for FR2. Why should we complicate compared to LTE?
Sub-topic 4-2: Option 1, same as in LTE

	Qualcomm
	Sub-topic 4-1: support option 1. In response to Ericsson’s comment above, whatever parameter k UE uses for RSTD or Rx-Tx time difference report mapping, should be used for AdditionalPath. It’s the same processing and algorithm so why would it be different compared to RSTD/Rx-Tx?
Sub-topic 4-2: option 1.

	MTK
	Sub-topic 4-1: Support option 1
Sub-topic 4-2: Can support both options

	Intel
	Sub-topic 4-1. Support Option 1
Sub-topic 4-2. Support Option 1



 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#4-1
	AdditionalPath reporting granularity
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1.

	Sub-topic#4-2
	AdditionalPath reporting range
Agreement: Reporting range for AdditionalPath to be ± 4.17 us.



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #5: Intra-frequency & Inter-frequency definitions
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003022
	ZTE
	Proposal : RAN4 defines intra-f and inter-f PRS-RSTD measurements while the requirements are made mainly based on if the measurement requires a MG or not.
Proposal : Intra-frequency RSTD measurement: the center frequency of PRS BW is the center frequency of an serving cell SSB and has the same SCS as that of the serving cell SSB, otherwise it is inter-frequency.

	R4-2003285
	CATT
	Proposal ：Intra-frequency RSTD measurement is defined when the DL PRS resources to be measured, including reference cell and neighbor cell, have the same center frequency, SCS and CP type as serving cell and the BW of these PRS are all within the active BWP. Otherwise, the RSTD measurement is inter-frequency measurement.

	R4-2003508
	MediaTek
	Proposal: Intra-frequency RSTD measurement is defined when neighbor DL PRS resource and reference DL PRS resource belong to the same positioning frequency layer and the BW of the positioning frequency layer is within the BW of UE’s active DL BWP. Otherwise, the RSTD measurement is inter-frequency. 

	R4-2004358
R4-2004359
R4-2004360
	Huawei, HiSi
	Proposal : Intra-frequency PRS measurement is defined when the BW of the PRS layer is confined within the UE active BWP. Otherwise, the PRS measurement is inter-frequency.
Re-use the same conclusions from PRS-RSTD for PRS-RSRP.
Re-use the same conclusions from PRS-RSTD for UE Rx-Tx timing

	R4-2004667
R4-2004670
R4-2004666
	Ericsson
	Intra/inter-frequency RSTD measurement definitions are as in the table below. 
	
	Definition
	Need for measurement gaps Note 1

	Intra-frequency
	· The center frequency of PRS BW is the center frequency of a serving cell SSB
· The SCS PRS is the same as that of a serving cell SSB
NOTE: for RSTD, the above conditions are met for both reference and the other DL link
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	Needed
	Measured PRS bandwidth is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
NOTE: for RSTD, this applies for at least one of the reference and the other DL link
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	Needed
	Measured PRS bandwidth is not fully within the active BWP of the UE

	NOTE 1: For RSTD configured for a reference link and the other DL link, measurement gaps may be needed for both DL links, for one of the two DL links, or for none of the two DL links, depending for which of the two DL links the conditions are met.


For PRS-RSRP, same table as above but applicable to one DL link only.
For UE Rx-Tx timing, same table as above but applicable to one DL link only.

	R4-2003207
	Intel
	Observation: It is more straightforward to define of intra/inter-frequency PRS measurement with similar approaches of LTE and NR SSB measurement. That is the intra/inter PRS-RSTD measurement can be defined independently with UE active BWP. 
Observation: UE requirements on the number of measured frequency layers for PRS measurement s in RAN4 RRM can be also defined by the number of measurement positioning frequency layer as RAN1 agreed.
Proposal: Regarding to the consistent definition for NR measurement as simple as possible, the intra/inter frequency PRS measurement can be defined as:
	
	Definition
	Need gap or Not

	intra-frequency 
	DL PRS resources of the measured neighbor cells/TRPs and the serving/reference cell/TRP have
· the same SCS and CP type
· the same centre frequency
· the same point-A 
· same configured PRS BW
	NO: If the central frequency of reference cell is same as that of the serving cell.

	
	
	Yes: If the central frequency of reference cell is different with that of the serving cell.

	inter-frequency 

	DL PRS resources of the measured neighbor cells/TRPs and the serving/reference cell/TRP is different in any of
· SCS and CP type
· centre frequency
· point-A 
· configured PRS BW
	Yes





	R4-2003567
R4-2003568
R4-2003569
	Qualcomm
	Proposal. Intra-frequency RSTD measurement is defined when neighbour DL PRS resource and reference DL PRS resource belong to the same positioning frequency layer, and the BW of the positioning frequency layer is within the BW of UE’s active DL BWP, and SCS and CP of the positioning frequency layer are the same as those of  UE’s active DL BWP. Otherwise, the RSTD measurement is inter-frequency. 
Proposal. Intra-frequency PRS-RSRP measurement is defined when DL PRS resource belongs to a positioning frequency layer whose BW is within the BW of UE’s active DL BWP, and its SCS and CP are the same as those of UE’s active DL BWP. Otherwise, the PRS-RSRP measurement is inter-frequency
Proposal. UE Rx-Tx timing difference measurement is defined as intra-frequency if all the following conditions are met: 
· DL PRS resource belongs to a positioning frequency layer whose BW is within the BW of UE’s active DL BWP
· SCS and CP of the DL PRS resource are the same as those of UE’s active DL BWP
· UL SRS resource for positioning is on the same component carrier as that of DL PRS resource

Otherwise, the UE Rx-Tx timing difference measurement is inter-frequency. 



Open issues summary
Sub-topic 5-1   Intra-frequency & inter-frequency definition in PRS-RSTD
There are 5 proposals from 7 companies. Most proposals have been modified compaed to those captured in WF from last meeting. When possible, the wording of the option used in WF from last meeting is used. 
· [bookmark: _Hlk38455298]Option 1. Intra-frequency RSTD measurement is defined as when the neighbor DL PRS resource and the reference DL PRS resource belong to the same positioning frequency layer. Otherwise, the RSTD measurement is inter-frequency. (Intel, CATT)
· Option 2. Intra-frequency RSTD measurement is defined when neighbour DL PRS resource and reference DL PRS resource belong to the same positioning frequency layer, and the BW of the positioning frequency layer is within the BW of UE’s active DL BWP, and SCS and CP of the positioning frequency layer are the same as those of  UE’s active DL BWP. Otherwise, the RSTD measurement is inter-frequency. (MediaTek, Qualcomm)
· [bookmark: _Hlk34121423]Option 3. Intra-frequency RSTD measurement: the center frequency of PRS BW is the center frequency of a serving cell SSB and has the same SCS as that of the serving cell SSB, otherwise it is inter-frequency. MG may be needed for intra- or inter-frequency, depending on whether or not the PRS BW is within the active BWP (NOTE: for RSTD, the above conditions are met for both reference and the other DL links) (Ericsson, ZTE)

· Option 4. Intra-frequency RSTD measurement is defined when the DL PRS resources to be measured, including reference cell and neighbor cell, have the same center frequency, SCS and CP type as serving cell and the BW of these PRS are all within the active BWP. Otherwise, the RSTD measurement is inter-frequency measurement. (CATT).
· Option 5. Intra-frequency PRS measurement is defined when the BW of the PRS layer is confined within the UE active BWP. Otherwise, the PRS measurement is inter-frequency. (Huawei)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 5-2   Intra-frequency & inter-frequency definition in PRS-RSRP
Except for obvious difference of PRS-RSRP involving one link compared to two links in PRS-RSTD, most companies appear to agree that similar definiton can be applied to PRS-RSRP.
Q: Can PRS-RSRP use a similar definition for intra-frequency and inter-frequency as that in PRS-RSTD (except being applicable to one link):
· Option 1. Yes (Qualcomm, Huawei, Ericsson, CATT, Intel)
· Option 2. No

Recommended WF: Further discussion needed. Collect companies’ views.  

Sub-topic 5-3   Intra-frequency & inter-frequency definition in UE Rx-Tx timing difference
Similar to Sub-topic 5-2, most companies appear to agree that similar definiton from PRS-RSTD can be applied to UE Rx-Tx timing difference.
Q: Can UE Rx-Tx timing difference use a similar definition for intra-frequency and inter-frequency as that in PRS-RSTD (except being applicable to the DL link):
· Option 1. Yes (Huawei, Ericsson, CATT, Intel)
· Option 2. UE Rx-Tx timing difference measurement is defined as intra-frequency if all the following conditions are met (Qualcomm, MediaTek): 
· DL PRS resource belongs to a positioning frequency layer whose BW is within the BW of UE’s active DL BWP
· SCS and CP of the DL PRS resource are the same as those of UE’s active DL BWP
· UL SRS resource for positioning is on the same component carrier as that of DL PRS resource
                Otherwise, the UE Rx-Tx timing difference measurement is inter-frequency.

Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 5-1   Intra-frequency & inter-frequency definition in PRS-RSTD
Support option 5. In our view, the definition of intra/inter-frequency should have impact on the requirements, otherwise there is no point to define it. Specifically,
- we do not see the intra-frequency has to be the PRS layer with the reference resource. This will lead to inter-frequency measurement without gap when the PRS layer is within active BWP and SCS is same as active BWP or UE supports mixed SCS. Also the reference resource is not as relevant for PRS-RSRP and Rx-Tx as for RSTD, so same definition cannot be used for PRS-RSRP and Rx-Tx.
- we do not see the relevance of serving cell SSB for the definition. If SSB is outside active BWP but the PRS layer is within active BWP, UE should still be able to measure the PRS layer without gap. 
- we do not see the intra-frequency has to be with same SCS as serving cell active BWP. Similar as SSB measurement, UE may or may not support simultaneous measurement and data reception with different SCS-es depending on its capability, but for the definition of intra-frequency, the SCS of the RS does not have to be same as data.
Sub-topic 5-2   Intra-frequency & inter-frequency definition in PRS-RSRP
Support option 1 at least based on option 5 for RSTD as we proposed for sub-topic 5-1.
Sub-topic 5-3   Intra-frequency & inter-frequency definition in UE Rx-Tx timing difference
From measurement pov, we see the relevance of intra/inter-frequency only about need for MG. In this sense, the definition does not have to be based on SRS. For example, if PRS is within active BWP of CC1, while SRS is transmitted on another CC2 which is intra-band contiguous with CC1, the measurement requirements for PRS in CC1 will be same as the case if SRS is transmitted on CC1. We can define different accuracy requirements based on whether SRS is on the same CC as PRS or not, but this does not have to accounted in the definition.

	Ericsson
	Sub-topic 5-1: Option 3
· Further clarification: there is no way for the NW to always ensure for all UEs that PRS configuration is within its active BWP over the ensure measurement period (note that LMF needs to be aware of this configuration too). The only way to ensure this is to configure the BW of the BWP over the entire cell BW.
Sub-topic 5-2: Option 1
Sub-topic 5-3: Option 1. On option 2: in one example, SRS can be in one serving cell and PRS can be in another serving cell – why should it be called inter-frequency in this example?

	CATT
	Sub-topic 5-1: We are fine for option 1, due to the BWP existing, it is complex to associate the definition of intra/inter frequency with gap and there are also the cases that intra-frequency measurement with gap and inter-frequency measurement without gap in LTE, similarly, we suggest to discuss them separately, then option 1 is the simplest way. 
Also for all options that associate the definition with BWP, there is a question, the state of intra or inter may be different when BWP changes. Since the BWP switching may occur frequently, this may have impact UE reported capability of supported inter-frequency measurements, for example, for a measurement in specific frequency layer, it is intra-frequency measurement in one BWP while Inter-frequency in another, then should it call UE’s capability of supported inter-frequency measurement?
Sub-topic 5-2: support option 1
Sub-topic 5-3: support option 1.

	Qualcomm
	Sub-topic 5-1: support option 2. Here is our view on other options:
Option 1. Has no dependency on BWP which creates 4 classes of definitions (intra/inter with/without MG). We don’t see the point to this. If intra-frequency and inter-frequency both have to be measured with gaps in some scenarios, what is the point of this definition? Here we share the same view as Huawei
Option 3. Proponents of this option have been trying to push the same definition of intra-/inter- for CSI-RS based measurement, RSSI measurement in NR-U, and positioning measurements. These do not have to be unified. The fact that RAN1 has made a separate definition for “positioning frequency layer” allows for a different definition. Moreover, in option 3, for a case where one CC does not have SSB at all but has PRS, everything is inter-frequency. Why?
Option 4. This is perhaps the closest to option 2. The difference is that option 2 allows one intra-frequency layer in active BWP whereas option 4 allows more than one which is related to sub-topic 7-2 and if companies cannot agree to this, option 4 and 2 can perhaps be merged.
Option 5. We do not agree to use the same capability simultaneousRxDataSSB-DiffNumerology as in R15 for the purpose of simultaneous PRS and Data processing in R16. These are obviously different issues and require separate capability. R15 capability should not be overloaded. If a R15 UE supports this capability for R15 purposes, then it should not reconsider this for R16 use cases. In addition, the absence of “same CP” in option 5 creates the scenario where even intra-frequency can require MG. 
Sub-topic 5-2: support option 1.
Sub-topic 5-3: support option 2. Our intention here again is to define the simplest scenario that requires a different set of requirements as intra-frequency. In Huawei’s comment, it is mentioned that different accuracy requirements can be defined for the case when SRS is not on the same CC. But then there would be another classification of accuracy requirements: intra-frequency with SRS on the same CC and intra-freq with SRS on a difference CC. Why is this better?
We also note that the basic capability signalling in RAN1 assumes UE measures Rx-Tx with SRS on the same CC as PRS. Supporting SRS on a difference CC as PRS is a separate capability signalling in RAN1.

	MTK
	Sub-topic 5-1: Support option 2
Sub-topic 5-2: Support option 1
Sub-topic 5-3: Support option 2

	ZTE
	Sub-topic 5-1: We prefer Option 3, which is to have a unified definition across the spec. We’re fine to accept MG to be used when measuring intra-f MOs. But in general we don’t consider this as a very critical issue because as long as we have clear rules and readers are aware of when to configure MG, it should be fine. Still, at this stage we see Option 3 as the best choice.

	Intel
	Sub-topic 5-1. The main concern for our proposal (Option 1) is consistence within RAN4 spec and simplicity. 
Sub-topic 5-2. Same intra/inter PRS RSRP measurement as that of PRS RSTD measurement.
Sub-topic 5-3. Support Option 1.  From the measurement itself, only the DL layer need to be considered. The RX and TX signal path will be different even for the same CC. If we following such Opt2, in case of FDD how will we define intra measurement? And similarly the intra-measurement in LTE CA was defined on the two CCs in a same CG. So we disagree Option 2.



 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#5-1
	Intra-frequency & inter-frequency definition in PRS-RSTD
Recommendations for 2nd round:
Further discussion needed. 
It seems option 4 can now be removed since CATT supports Option 1.

	Sub-topic#5-2
	Intra-frequency & inter-frequency definition in PRS-RSRP
Recommendations for 2nd round:
Defer discussion to after the conclusion of sub-topic 5-1.

	Sub-topic#5-3
	Intra-frequency & inter-frequency definition in UE Rx-Tx time difference
Recommendations for 2nd round:
Defer discussion to after the conclusion of sub-topic 5-1.



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #6: Measurement period
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003207
	Intel
	Observation: PRS RSTD measurement delay requirement can be determined by:
· the periodicity of DL PRS allocation 
· the total number of DL PRS resource which UE can process 

Proposal: The allowed RSTD measurement delay would be multiplied by the number of PRS resource that UE can measure as defined for LTE RSTD measurement. 

Where in,  is the periodicity of DL PRS allocation in slots configured per DL PRS resource,
 is the number of PRS positioning resource for all cells (e.g. n=16 in [7]) to be detected and measured,
  is the measurement time for a single PRS positioning resource which includes the sampling time and the processing time.
Proposal: The number of PRS positioning resource to be detected and measured can be FFS waiting RAN1 agreements.
Observation: UE can continue PRS measurement in all target cells/TRPs for HO.
Proposal:  The total measurement delay when serving cell changed (e.g. HO) can defined as: 

Where 
is the number of times the intra/inter-frequency handover occurs during .
is the time during which the intra/inter-frequency RSTD measurement may not be possible due to intra/inter-frequency handover.

	R4-2003285
R4-2003286
	CATT
	Intra-frequency PRS RSTD measurement period is defined as
Where is the configured periodicity of DL PRS resource in subframe,
M is the number of PRS positioning occasion as defined in table 2.4-1 for all cells to be detected and measured,
Δ  is the measurement time for a single PRS positioning resource which includes the sampling time and the processing time.
When handover occurs during the measurement, the UE should complete the ongoing measurement and the measurement period shall be following：

Where k is the number of times the intra-frequency handover occurs during  .
 is the time during which the intra-frequency RSTD measurement may not be possible due to intra-frequency handover; it can be up to [45] ms.
Measurement period requirements of PRS RSRP can reuse the requirement of RSTD measurement.

	R4-2003508
	MediaTek
	The requirement on PRS-RSTD measurement period is defined on PRS periodicity , and the periodicity is the same for PRSs in all positioning frequency layers.
Proposal : Suppose  is the requirement of PRS-RSTD measurement period for one positioning frequency layer. If UE is configured to measure  positioning frequency layers, then the corresponding requirements for PRS-RSTD measurement period is 
Proposal  The requirement on RSTD measurement period under cell change is given by  
 ms
where K is the number of HO,  is the PRS periodicity, and  is the requirement of PRS-RSTD measurement period for the cases that there are no HOs during the measurement period

	R4-2004358
R4-2004359
R4-2004360
	Huawei, HiSi
	PRS measurement period is defined as
Tmeas_PRS = NRxBeam * Nfreq * [Ceil(LPRS/N) * max(Tres, Tproc) * [X] + Tproc] 
where 
· NRxBeam is the scaling factor for Rx beam sweeping, 
· Nfreq is the number of PRS frequency layers, 
· Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer, 
· Tproc is the PRS processing time as indicated in UE capability reporting, 
· LPRS is the actual PRS duration per occasion, and N is reported capability on the maximum duration of PRS symbols UE can buffer and process every Tproc ms, 
· X is the number of occasions to account for fading channel uncertainty and AGC
Measurement period framework from PRS-RSTD can be re-used for PRS-RSRP.
Measurement period framework from PRS-RSTD can be re-used for UE Rx-Tx timing difference.

	R4-2004667
R4-2004670
R4-2004666
	Ericsson
	Proposal : RSTD measurement period needs to be specified with respect to PRS resources and apply when the UE is configured with up to N PRS resources, where N is TBD.
Proposal : RSTD measurement period is extended by TRSTD to compensate for the number of PRS occasions not available at the UE over a certain time period due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large (e.g., >X% of the needed samples) and the SSB symbols location is known to the UE. The allowed extension is limited by an upper bound.
Proposal : When the RSTD measurement period is extended, the increase in the measurement period depends at least on the periodicity of the PRS resource which has non-available occasions and the number of such non-available PRS occasions, but may further depend on the measurement gap configuration, etc.
· The extension TRSTD is proportional to max(T1_PRS*N1_PRS,T2_PRS*N2_PRS), where T1_PRS and T2_PRS are the PRS periodicity for the reference and neighbor TRPs, respectively, and N1_PRS and N2_PRS are the numbers of periodic occasions with dropped PRS in the reference and neighbor TRPs, respectively.
Proposal: If the number of PRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
· When not configured to be measured along with RSTD or UE Rx-Tx measurements, the PRS-RSRP measurement period is extended by TPRS-RSRP to compensate for the number of PRS occasions not available at the UE due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large (e.g., >X% of the needed samples) and the SSB symbols location is known to the UE.
· When configured with UE Rx-Tx or RSTD, the PRS-RSRP measurement period is extended in the same was as for UE Rx-Tx or RSTD, respectively
Proposal: When the measurement period is extended, the increase in the measurement period TPRS-RSRP depends at least on the periodicity of the PRS resource which has non-available occasions and the number of such non-available PRS occasions, but may further depend on the measurement gap configuration, DRX, etc.
· The extension TPRS-RSRP is proportional to T_PRS*N_PRS, where T_PRS is the PRS periodicity, and N_PRS is the number of periodic occasions with dropped PRS.
Proposal: If the number of PRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
Proposal: If PRS-RSRP is configured to be measured along with UE Rx-Tx using the same assistance data:
· Then the measurement periods of PRS-RSRP and UE Rx-Tx are the same, for the same PRS resources.
Proposal: When not configured together with UE Rx-Tx or RSTD, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [1]):
· The UE shall continue RSTD measurement after each serving cell change for:
· intra-frequency handover,
· inter-frequency handover.

Proposal: When not configured together with UE Rx-Tx, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [1]).
Proposal: When configured together with UE Rx-Tx, the UE behavior rules are the same as for UE Rx-Tx (the rules for UE Rx-Tx were agreed in [1]).
Proposal: UE Rx-Tx measurement period depends on PRS periodicity and SRS periodicity and is based on max(PRS periodicity, SRS periodicity).
Proposal  UE Rx-Tx measurement period is extended by TUErxtx, but not more than a certain maximum, to compensate for the number of PRS occasions not available at the UE over a certain time period due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large (e.g., >X% of the needed samples) and the SSB symbols location is known to the UE.
· Similarly, the impact of dropped SRS on the measurement period needs to be accounted for.
Proposal When the measurement period is extended, the increase in the measurement period depends at least on the periodicity of the PRS/SRS resource which has non-available occasions and the number of such non-available PRS/SRS occasions, but may further depend on the measurement gap configuration, DRX, etc.
· The extension is proportional to max(T_PRS,T_SRS)*N, where T_PRS and T_SRS are the PRS periodicity and SRS periodicity, respectively, and N is the number of time intervals of length max(T_PRS,T_SRS) where at least one of PRS and SRS is dropped.
Proposal: If the number of PRS/SRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
Proposal: When the on-going UE Rx-Tx measurement continues under a serving cell change (according to the earlier agreement), the UE Rx-Tx time difference measurement period is extended, and the extension depends on the number of serving cell changes and on the corresponding interruption time.

	R4-2003567
R4-2003568
R4-2003569
R4-2003573
	Qualcomm
	Proposal. The measurement period scales according to UE capabilities .
Proposal. Measurement period to be based on maximum periodicity value; , among all configured DL PRS resources.
Observation. The total number of required PRS periods, in units of TPRS to process PRS resources is  where  and {N1, T1} is the signalled capability duplet for PRS processing. 
Observation 4. The total number of PRS periods, in units of TPRS, required to buffer PRS symbols is   where  and {N2, T2} is the signalled capability duplet for PRS buffering.
Proposal. UE sweeps its Rx beams within a PRS instance (occasion) if the number of repetitions, DL-PRS-ResourceRepetitionFactor, is larger than what is required to meet the accuracy requirements. If not, UE sweeps its Rx beams across PRS instances (occasions).

UE Rx beam sweeping factor for FR2 can be expressed as:

Where is the number of repetitions needed to meet the accuracy requirements (to be determined by link-level simulation campaign) and  is the minimum number of available (not muted) repetition slots among all configured DL PRS resources assuming that   (otherwise, accuracy requirements cannot be met).

Proposal. PRS-RSTD measurement period for each frequency layer can be expressed as 

Where
·  is the Rx beam sweeping factor, 
·  is the scaling factor due to UE processing time capability ,
·  is the scaling factor due to UE buffering time capability 

Proposal. Measurement periods adds up for each frequency layer that is configured to be measured, i.e., if measurement period for frequency layer  is, then total measurement period is 

PRS-RSTD measurement period framework can be re-used for PRS-RSRP.
PRS-RSTD measurement period framework can be re-used for UE Rx-Tx timing difference. 
Extension of positioning measurement period due to HO shall not exceed responseTime. UE behavior in such case is FFS.



Open issues summary
Sub-topic 6-1  Extension of measurement period due to overlap of PRS symbols with SSB symbols
One company has proposed to extend the measurement period if PRS symbols overlap with SSB symbols and become unavailable. The extension is proposed to be capped to a max limit. Companies are encouraged to provide their views. 
Q: Should PRS-RSTD, PRS-RSRP, and UE Rx-Tx timing difference measurement period be extended to account for dropped PRS occasions being unavailable (e.g., due to overlap with SSB symbols)? Details FFS.
· Option 1: Yes (Ericsson, Intel)
· Option 2: No (Huawei, Qualcomm, CATT)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-2  Extension of measurement period due to HO
Several proposals on extension of measurement period due to HO have been made similar to how HO was handled in LTE OTDOA. 
Sub-topic 6-2-1: Extension of PRS-RSTD measurement period due to HO
· Option 1: The total measurement delay when serving cell changed (e.g. HO) can defined as:   where is the number of times the intra/inter-frequency handover occurs during . is the time during which the intra/inter-frequency RSTD measurement may not be possible due to intra/inter-frequency handover (Intel, Ericsson, MediaTek)
· Option 2: When handover occurs during the measurement, the UE should complete the ongoing measurement and the measurement period shall be  where k is the number of times the intra-frequency handover occurs during  . is the time during which the intra-frequency RSTD measurement may not be possible due to intra-frequency handover; it can be up to [45] ms. (CATT)
· Option 3: The requirement on RSTD measurement period under cell change is given by   ms where K is the number of HO,  is the PRS periodicity, and  is the requirement of PRS-RSTD measurement period for the cases that there are no HOs during the measurement period (MediaTek)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-2-2: Extension of PRS-RSRP measurement period due to HO
· Option 1: similar to extension of PRS-RSTD measurement period due to HO (CATT, MediaTek, Intel)
· Option 2: As in the following (Ericsson, Huawei)
· When not configured together with UE Rx-Tx or RSTD, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD 
· When not configured together with UE Rx-Tx, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD 
· When configured together with UE Rx-Tx, the UE behavior rules are the same as for UE Rx-Tx
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-2-3: Extension of UE Rx-Tx timing difference measurement period due to HO
· Option 1: similar to extension of PRS-RSTD measurement period due to HO (MediaTek, Intel)
· Option 2: When the on-going UE Rx-Tx measurement continues under a serving cell change (according to the earlier agreement), the UE Rx-Tx time difference measurement period is extended, and the extension depends on the number of serving cell changes and on the corresponding interruption time. (Ericsson)
· Option 3: The measurement period and accuracy requirements do not apply if cell change or TA change occurs during Rx-Tx time difference measurement period. (Huawei, Qualcomm)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-3  Scaling of measurement period due to number of configured positioning frequency layers
In case more than one positioning frequency layer is configured to be measured, the measurement period is extended. The issue is how to extend the measurement period.
· Option 1. Measurement period is extended by scaling with the number of positioning frequency layer (MediaTek, Huawei, CATT)
· Option 2. Measurement period is extended by adding the measurement period of each positioning frequency layer (Qualcomm)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-4  Scaling of measurement period due to UE Rx beam sweeping
SSB-based RRM measurement periods are scaled by the UE Rx beam sweeping factor (e.g., N=8 in FR2) in R15. The issue is how UE Rx beam sweeping impacts the positioning measurement period.
· Option 1. Similar to SSB-based RRM measurement in R15 (Huawei, MediaTek)
· Option 2. UE Rx beam sweeping factor for FR2 can be expressed as: where is the number of repetitions needed to meet the accuracy requirements (to be determined by link-level simulation campaign) and  is the minimum number of available (not muted) repetition slots among all configured DL PRS resources assuming that   (otherwise, accuracy requirements cannot be met) (Qualcomm).
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-5  Scaling of measurement period due to number of PRS resources 
UE can be configured with many DL-PRS resources subject to its capability. The issue is whether the measurement period should be scaled with the number of DL-PRS resources and if so, how it should be scaled.
· Option 1: Scaling factor  is the number of PRS positioning resource for all cells (e.g. n=16 in [7]) to be detected and measured (Intel)
· Option 2: Scaling factor M is the number of PRS positioning occasion as for all cells to be detected and measured. Value of M is similar to that in LTE OTDA (CATT)
· Option 3: Scaling factor is Ceil(LPRS/N) LPRS is the actual PRS duration per occasion, and N is reported capability on the maximum duration of PRS symbols UE can buffer and process every Tproc ms (Huawei, MediaTek)
· Option 4: RSTD measurement period needs to be specified with respect to PRS resources and apply when the UE is configured with up to N PRS resources, where N is TBD (Ericsson)
· Note: N is not scaling here but rather the applicability of the requirement for up to N measurements, similar to LTE
· Option 5: Scaling factor is  where  is the scaling factor due to UE processing time capability , and depends on total number of PRS resources and PRS occasion duration, and  is the scaling factor due to UE buffering time capability  and depends on PRS occasion duration and PRS periodicity (Qualcomm)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-6  Measurement period with more than one PRS periodicity  
The issue is specifying measurement period when there are more than one PRS periodicity among PRS resources that UE is to measure.
· Option 1: The requirement on PRS-RSTD measurement period is defined on PRS periodicity , and the periodicity is the same for PRSs in all positioning frequency layers (MediaTek)
· Option 2: Use maximum resource periodicity among all PRS resources on the PRS frequency layer to determine the measurement period (Qualcomm)
· Option 3: Use maximum resource periodicity among all PRS resources on the PRS frequency layer to determine the measurement period, and lower bounded by the PRS processing time as indicated in UE capability reporting (Huawei, CATT, MediaTek, Qualcomm)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-7  Impact of SRS periodicity on UE Rx-Tx timing difference measurement period 
For UE Rx-Tx timing difference, measurement of Rx timing depends on PRS and measurement of Tx timing depends on SRS. The issue is whether SRS periodicity should be accounted in measurement period. 
· Option 1. UE Rx-Tx measurement period depends on PRS periodicity and SRS periodicity and is based on max(PRS periodicity, SRS periodicity) (Ericsson)
· Option 2. Such condition is not needed (Huawei, Qualcomm, MediaTek, Intel)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 6-8  Basic number of PRS occasions 
The issue is about the basic number of PRS occasions, which will be further scaled for multiple PRS frequency layers (sub-topic 6-3), Rx beam sweeping in FR2 (sub-topic 6-4) and number of PRS resources UE needs to buffer and process (sub-topic 6-5). The basic number should consider at least the number of samples needed to meet accuracy requirements. It is FFS if margin for deep fading and AGC needs to be considered.
· Option 1. the basic number the number of occasions X should account for fading channel uncertainty and AGC (Huawei)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 6-1  Extension of measurement period due to overlap of PRS symbols with SSB symbols
We think this may not be necessary. PRS will not be mapped on SSB symbols, and the case where measurement period would be extended for SSB is when PRS period is smaller than SSB period, and in our view this may be corner case. 
Sub-topic 6-2  Extension of measurement period due to HO
Sub-topic 6-2-1: We agree that UE should continue the RSTD measurement in case of HO and the measurement period would be extended, but we suggest to defer the discussion until we have a more clear view on the basic measurement period without HO.
Sub-topic 6-2-2: We think option 2 is reasonable. 
Sub-topic 6-2-3: Support option 3. UE will apply new TA after HO, so we think the Rx-Tx measurement should be re-started.
Sub-topic 6-3  Scaling of measurement period due to number of configured positioning frequency layers
Support option 1, which is same as in LTE. We need more time to check on option 2. It implies that multiple PRS layers are to be measured in sequential manner, and we think it may be a bit limiting. Also, considering PRS can be configured very flexibly in terms of periodicity, offset and muting, the feasibility of option 2 in different cases also needs to be studied.
Sub-topic 6-4  Scaling of measurement period due to UE Rx beam sweeping
Support option 1. It should be noted that UE needs to measure PRS from multiple TRPs in different directions during a PRS occasion. In our understanding, unless the PRS resources from all TRPs are received in time aligned manner at UE, it is not possible to do Rx beam sweeping on slot basis within a PRS occasion. For example, in the figure below, if UE sweeps Rx beam based on TRP1 timing, it will fail to measure TRP2.
[image: ]
Sub-topic 6-5  Scaling of measurement period due to number of PRS resources
As basic principle, since the UE buffering and processing capability has been defined in RAN1, we think it is reasonable to scale the number of PRS occasions in measurement period based on the reported capability instead of a fixed number, which is considered in option 3 and 5.
Regarding option 5, so far the RAN1 capability is only one duplet {N,T}, and we are open to adapt if RAN1 introduced a second duplet. However, we do not quite understand the scaling factor derivation, e.g. why the number of occasions decreases when the duration of one PRS occasion LPRS increase?
Sub-topic 6-6  Measurement period with more than one PRS periodicity
Support option 3. Option 1 is not applicable for the case when the configured PRS period is > 160ms, and option 2 does not considered the PRS processing time. When UE is processing the buffered samples, it cannot take new samples for the next occasion. 
Sub-topic 6-7  Impact of SRS periodicity on UE Rx-Tx timing difference measurement period
We think this may not be necessary. The SRS can be better addressed by the proximity of PRS and SRS in sub-topic 11-4.
Sub-topic 6-8  Basic number of PRS occasions
Support option 1. We are proposing to define the accuracy based on single shot, so the number of samples to meet the accuracy is one, but same as in LTE, due to deep fading and muting, some TRPs may not be visible for every PRS occasion, and even it is visible it may not be processed by the UE on that occasion. Therefore some margin should be considered in the basic number of PRS occasions. In addition, for PRS measurement with MG, AGC is needed.

	Ericsson
	Sub-topic 6-1: option 1
Sub-topic 6-2-1: the approach in option 1 and option 2 seems to be similar, why are they different options?
Moderator: Option 2 is only discussing intra-frequency and HO that leads to intra-frequency. Option 1 is more generic.
· Further clarification/response: option 1, no need to limit to intra-frequency
Sub-topic 6-2-2: option 2. When configured with UE Rx-Tx, it should be as for UE Rx-Tx not as for RSTD.
Sub-topic 6-2-3: option 2
Sub-topic 6-3: not agreeable, further discussion is needed once we have the entire expression and the parameters.
Sub-topic 6-4: further discussion is needed
Sub-topic 6-5: before discussion the scaling we need to agree on the basic principle how the requirement is defined. In LTE, the requirements apply for up to 16 cells, without any linear scaling with the number of cells.
Sub-topic 6-6: This is to be discussed once we agree on the basic principles for defining the requirement. Some PRS resources may not be even allowed different periodicities, so no point to discuss this now.
Sub-topic 6-7: option 1
Sub-topic 6-8: same approach as in LTE should be followed
Ericsson’s comment on the description of the topic:
[Ericsson]: “which will be further scaled for multiple PRS frequency layers (sub-topic 6-3), Rx beam sweeping in FR2 (sub-topic 6-4) and number of PRS resources UE needs to buffer and process (sub-topic 6-5)” – there is no such agreements yet.

	CATT
	Sub-topic 6-1: support option 2, it has been agreed in RAN1 specification the PRS resource is not mapped on the same symbols as SSB
Sub-topic 6-2-1: support option 4, the measurement period during HO is expanded by the number of dropped PRS resources and handover time.
Moderator: there is no option 4. Did you mean option 2 (CATT)?
[CATT] yes, it’s option 2, sorry for the typo.
Sub-topic 6-2-2: support option 1
Sub-topic 6-3: support option 1, it is also used in LTE
Sub-topic 6-5: support option 2, in our understanding, the measurement period is related to UE capability of PRS processing time and the number of cells UE detected and measured. In the period of PRS, the number of PRS resources UE can processing according RAN1 reported capability [N,T] is Tpro=LPRS*N/T, assuming the number of cells UE should detected and measured is M, then the number of PRS period UE needed i.e. the scaling factor is Nscal = M*Tpro
Sub-topic 6-6: support option 3

	Qualcomm
	Sub-topic 6-1: Support option 2. This is not needed. Based on RAN1 agreements, SSB and PRS are not mapped to the same symbols. This can be avoided both from serving gNB and LPP which furnishes SSB of neighbor cells to UE in the assistance data so even LPP has knowledge of what neighbor SSBs are.
Sub-topic 6-2-1: we can agree to option 1 but can also defer this once basic measurement period without HO is agreed.
Sub-topic 6-2-2: we suggest to wait for the conclusion of 6-2-1. Also, PRS-RSRP for RSTD or Rx-Tx measurement is an optional measurement so this needs to be taken into consideration.
Sub-topic 6-2-3: we support option 3. 
Sub-topic 6-3: support option 2, We think option 1 is very conservative. If there are two positioning layers one with much shorter PRS periodicity in FR2 and one with longer periodicity in FR1, why should the measurement period be scaled by 2x of the one corresponding to longer period? 
Sub-topic 6-4: support option 2. In the Figure that Huawei has produced, assuming that UE needs 1 slot to meet accuracy requirements, it can switch its Rx beam on the 3rd slot of each resource and still manage the timing difference between them. 
Sub-topic 6-5: support option 5. The RAN1 agreements are two parts:
Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability
Agreement:
A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.
This limit can be signalled as a UE capability.
In response to the question from Huawei, with increased length of LPRS, UE will have more opportunity to process/measure PRS in each occasion as it can break it into smaller pieces and process them one at a time. This is subject to its advertised capability.
Sub-topic 6-6: we can also support option 3.
Sub-topic 6-7: Option 1 is not agreeable and as Huawei mentioned, it should be addressed by proximity of SRS to PRS. This is not needed.
Sub-topic 6-8: We understand the issue and we think it can be discussed further.

	MTK
	Sub-topic 6-1: Priority between SSB and PRS should be considered. If PRS is prioritized, then this issue doesn’t exist. We support to prioritize PRS measurement. However, this may impact RRM measurement requirements. We may consider to defer this discussion to Rel-17.
Sub-topic 6-2-1: Can support option 1 and option 3
Sub-topic 6-2-2: Support option 1
Sub-topic 6-2-3: Support option 1
Sub-topic 6-3: Support option 1
Sub-topic 6-4: Support option 1
Sub-topic 6-5: Support option 3
Sub-topic 6-6: Support option 3
Sub-topic 6-7: Don’t support option 1. The measurement period doesn’t need to depend on SRS periodicity. In our view, the Rx-Tx measurement period requirement applies if there is at least one SRS resource available within the total PRS measurement period.

	Intel 
	Sub-topic 6-1. We tentatively agree Option 1. But we think this topic shall be address in AI 6.8.2.2
Sub-topic 6-2-1. We can firstly agree the principle of extension due to HO. So both Option 1 and Option 2 are fine for us. But is Option 2 applicable for the intra RSTD measurement according to the expression in their proposal below.
“ 
Sub-topic 6-2-2. Support Option 1
Sub-topic 6-2-3. Support Option 1
Sub-topic 6-3. Such scaling is valid only for the inter PRS measurement only. So it can be FFS after we have a conclusion on the definition on the inter PRS RSTD measurement. And for Option 2, will the measurement time for each layer can be different?
Sub-topic 6-5. Since this number “M” is up to UE capability which is also needed further discussion in RAN1, we can conclude this waiting for RAN1.
Sub-topic 6-6. In principle, it is up to UE capability on PRS processing. And we can differentiate more than one typical PRS periodicity.  Thus it is not good approach regarding to the maximum resource period especially in NR it is quite dynamic range of PRS periodicity. 
Sub-topic 6-7. Not sure the purpose of NW configure the different periodicity of SRS and PRS for UE RX-Tx time difference measurement. And for UE Rx-Tx time difference measurement itself, in our view, the total measurement period shall be base on sum of PRS period and SRS period. 
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Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#6-1
	Extension of measurement period due to overlap of PRS symbols with SSB symbols
Recommendations for 2nd round:
Further discussion needed.

	Sub-topic#6-2
	Extension of measurement period due to HO
6-2-1 Extension of PRS-RSTD measurement period due to HO
Recommendations for 2nd round:
Defer discussion to when the definition of the term “” is further clarified.
6-2-2: Extension of PRS-RSRP measurement period due to HO
Recommendations for 2nd round:
Defer discussion to when the number of samples for measurement accuracy of PRS-RSRP, PRS-RSTD and UE Rx-Tx are finalized since number of samples impact the measurement period.
6-2-3: Extension of UE Rx-Tx timing difference measurement period due to HO
Recommendations for 2nd round:
Further discussion is needed. Clarification for options are needed. 
Agreement from R4-1915854:
· If the cell change occurs on the serving cell where the SRS is configured then after the serving cell change:
· the UE shall restart the UE Rx-Tx time difference measurement;
· otherwise the UE shall continue the ongoing UE Rx-Tx time difference measurement.

	Sub-topic#6-3
	Scaling of measurement period due to number of configured positioning frequency layers
Recommendations for 2nd round:
Defer discussion to when there is a more concrete formulation of the measurement period for one frequency layer.

	Sub-topic#6-4
	Scaling of measurement period due to UE Rx beam sweeping
Recommendations for 2nd round:
Further discussion needed.

	Sub-topic#6-5
	Scaling of measurement period due to number of PRS resources 
Recommendations for 2nd round:
Defer discussion to when RAN1 concludes the UE capability discussions.

	Sub-topic#6-6
	Measurement period with more than one PRS periodicity  
Recommendations for 2nd round:
Further discussion needed.
Options 1 and 2 can now be removed. However, two companies do not agree with option 3.

	Sub-topic#6-7
	Impact of SRS periodicity on UE Rx-Tx timing difference measurement period 
Recommendations for 2nd round:
Further discussion needed.

	Sub-topic#6-8
	Basic number of PRS occasions 
Recommendations for 2nd round:
Further discussion needed.



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #7: Measurement capability
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003512
	MediaTek
	Proposal: Within UE’s active BWP, at most one positioning frequency layer can be configured to the UE

	R4-2003285
	CATT
	Proposal ：UE capability that at least the number of frequency layer and TRPs per frequency layer UE can monitor should be defined. At least 1 inter-frequency carrier for RSTD measurement should be monitored and the minimum number of TRPs per frequency layer can be defined [16].

	R4-2004358
R4-2004359
R4-2004360
	Huawei, HiSi
	Proposal : RAN4 not to define a limit on the maximum number of PRS layers within UE active BWP, provided that the PRS measurement period is scaled with the number of PRS layers.
Proposal : RAN4 not to define measurement capability in terms of number of PRS layers, TRPs, resource sets and resources that UE shall be able to measure.
Proposal : The measurement requirements apply only if the number of configured PRS layers, TRPs, resource sets and resources is within UE reported capabilities.
Same conclusions apply to PRS-RSRP.
Same conclusions apply to UE Rx-Tx timing difference.

	R4-2003567
R4-2003568
R4-2003569
	Qualcomm
	Proposal . UE expects to be configured with at most one intra-frequency positioning frequency layer within its active DL BWP. 
Proposal. If the time span of a DL PRS resource instance (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) ± its corresponding DL-PRS-expectedRSTD-uncertainty is greater than any of the UE’s signaled processing capabilities, measurement requirements do not apply. 
Same conclusions apply to PRS-RSRP.
Same conclusions apply to UE Rx-Tx timing difference.



Open issues summary
Sub-topic 7-1 Whether RAN4 should define minimum capability
Based on agreements in RAN1, multiple capability signaling (X1, X2, …, X7) are provisioned. The issue is whether RAN4 should define a minimum capability requirement for any of the X1, X2, …, X7.
· Option 1. UE capability that at least the number of frequency layer and TRPs per frequency layer UE can monitor should be defined. At least 1 inter-frequency carrier for RSTD measurement should be monitored and the minimum number of TRPs per frequency layer can be defined [16] (CATT)
· Option 2. RAN4 not to define measurement capability in terms of number of PRS layers, TRPs, resource sets and resources that UE shall be able to measure (Huawei, MediaTek, Qualcomm).
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 7-2 Number of frequency layers within active BWP
There was a proposal in last and this meeting on the maximum number of positioning frequency layers that should be configured within UE’s active BWP. Companies are encouraged to provide their views.
· Option 1. Within UE’s active BWP, at most one positioning frequency layer can be configured to the UE (MediaTek)
· Option 2. UE expects to be configured with at most one intra-frequency positioning frequency layer within its active DL BWP (Qualcomm, Intel, MediaTek). 
· Option 3. RAN4 not to define a limit on the maximum number of PRS layers within UE active BWP, provided that the PRS measurement period is scaled with the number of PRS layers (Huawei, Ericsson)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 7-3 Applicability of measurement requirements when exceeding UE capability 
Given the measurement capability signaling (X1, X2, …, X7) and also processing and buffering capability, the issue is whether the measurement requirements are applicable when exceeding the capabilities. 
Sub-topic 7-3-1: Applicability of requirements when exceeding X1, … X7
· Option 1. The measurement requirements apply only if the number of configured PRS layers, TRPs, resource sets and resources is within UE reported capabilities (Huawei, Intel, Qualcomm, MediaTek)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 7-3-2: Applicability of requirements when exceeding processing/buffering capabilities
· Option 1. If the time span of a DL PRS resource instance (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) ± its corresponding DL-PRS-expectedRSTD-uncertainty is greater than any of the UE’s signaled processing capabilities, measurement requirements do not apply. (Qualcomm, MediaTek, Huawei) 
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 7-1 Whether RAN4 should define minimum capability
Support option 2. We do not see the point for RAN4 to define minimum number if the supported number is already reported as UE capability.
Sub-topic 7-2 Number of frequency layers within active BWP
Support option 3. As long as the PRS layers are not measured in parallel, we do not see clear issue to have more than one PRS layer within active BWP.
Sub-topic 7-3 Applicability of measurement requirements when exceeding UE capability
Sub-topic 7-3-1: support option 1. This should be nothing different from RRM measurement.
Sub-topic 7-3-2: we think option 1 is reasonable.

	Ericsson
	Sub-topic 7-1: capability on the frequency layers need to be defined. The number of TRPs, resource sets and resources can be a requirement.
Sub-topic 7-2: we see no need in this restriction
Sub-topic 7-3-1: we need to define the capability and the requirements first, then we can discuss the applicability rules
Sub-topic 7-3-2: needs further discussion and first we need to define requirements, then discuss applicability

	CATT
	Sub-topic 7-1: support option 1, we understand the number of frequency layers, TRPs and DL PRS resources UE can measure is reported as UE capability. Our point is the minimum value of this capability need to be clarified which has existed in LTE. For example, for UE supported DL-TDOA positioning, at least 1 Inter-frequency RSTD and [16] TRPs per frequency layer should be monitored.

	Qualcomm
	Sub-topic 7-1: we support option 1. Each capability has a range of values to be defined in RAN1. The minimum values can be argued in RAN1 to represent the minimum requirements. This is a discussion for RAN1; not RAN4.
Sub-topic 7-2: we support option 2. Note that option 2 does not limit the number of frequency layers but classifies the one with reference cell to be intra-frequency and the other(s) to be inter-frequency.
Sub-topic 7-3: support option 1 for both 7-3-1 and 7-3-2. To Ericsson’s comment: the issue is when capability exceeds and capability is based on RAN1 agreement. No matter how requirements are defined, if basic UE capabilities are exceeded, requirements should not be applicable.

	MTK
	Sup-topic 7-1: Support option 1. The capability is defined in RAN1. No need to further define it in RAN4.
Sub-topic 7-2: Can support both option 1 and option 2.
Sub-topic 7-3-1: Support option 1
Sub-topic 7-3-2: Support option 1

	Intel
	Sub-topic 7-1. To our understanding, this depends on our definition on the intra/inter measurement. And usually RAN4 needs to define the minimum number of layers to be measured. 

Sub-topic 7-2. Option 2 is more strictly and simply define intra measurement. Support Option 2.

Sub-topic 7-3-1. Option 1 is fine for us.
Sub-topic 7-3-2. The processing/buffering capabilities is under further discussion in RAN1, it can be FFS after RAN1’s agreements.


 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#7-1
	Whether RAN4 should define minimum capability 
Recommendations for 2nd round:
Try to agree that at least for the number of positioning frequency layers (X1), RAN4 does not define a minimum number and X1 is as signaled by UE capability per RAN1 agreement below:
	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)
	X1=4
	Values = {1,4}FFS: other values


 
For X2, …, X7, defer discussion to after the conclusion of UE capability signaling discussion in RAN1.

	Sub-topic#7-2
	Number of frequency layers within active BWP
Recommendations for 2nd round:
Defer the discussion to after the conclusion of Topic 5.

	Sub-topic#7-3
	Applicability of measurement requirements when exceeding UE capability 
Sub-topic 7-3-1: Applicability of requirements when exceeding X1, … X7
Recommendations for 2nd round:
Defer the discussion to after the conclusion of Topic 7-1.
Sub-topic 7-3-2: Applicability of requirements when exceeding processing/buffering capabilities
Recommendations for 2nd round:
Defer the discussion to after the conclusion of UE processing capability in RAN1.



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #8: Measurement reporting criteria
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003285
R4-2003286
	CATT
	Proposal：For intra-frequency RSTD measurement, Ecat = 1 is defined, 1 report capable of minimum [16] cell measurements per frequency layer.
Proposal：Reporting criteria of PRS-RSRP measurement is defined in DL-AoD, and Ecat = 1.

	R4-2004358
R4-2004359
	Huawei, HiSi
	Proposal: Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (when requested in NR-DL-TDOA-RequestLocationInformation).
Proposal: Ecat = 1 for PRS-RSRP per positioning session (when requested in NR-DL-AoD-RequestLocationInformation-r16).

	R4-2004667
R4-2004670
R4-2004666
	Ericsson
	Proposal: Ecat=1 for intra-frequency RSTD measurements, 1 report capable of RSTD measurements and also PRS-RSRP measurements (when configured together with the RSTD) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
Proposal: Ecat=1 for inter-frequency RSTD measurements, 1 report capable of RSTD measurements and also PRS-RSRP measurements (when configured together with the RSTD) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
Proposal: When PRS-RSRP measurements are configured together with RSTD, the RSTD reporting criteria shall also include PRS-RSRP reports.
Proposal: When PRS-RSRP measurements are configured together with UE Rx-Tx, the UE Rx-Tx reporting criteria shall also include PRS-RSRP reports.
Proposal : Separate reporting criteria for PRS-RSRP are specified for the case when PRS-RSRP measurements are not configured with RSTD or UE Rx-Tx.
Proposal: The separate reporting criteria for PRS-RSRP (when reported separately) are defined as: 
· Ecat=1 for intra-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Ecat=1 for inter-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
Proposal: Ecat=1 for intra-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured together with the UE Rx-Tx) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
Proposal: Ecat=1 for inter-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured together with the UE Rx-Tx) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.

	R4-2003567
R4-2003568
R4-2003569
	Qualcomm
	Observation . PRS-RSRP reporting in DL-TDOA positioning method via RSTD reporting is an optional UE capability. 
Proposal. In DL-TDOA and for each positioning session, Ecat = 1 per positioning frequency layer where the number of RSTD measurement reports per positioning frequency layer is according to UE’s signaled capabilities.
Proposal. In DL-AoD and for each positioning session, Ecat = 1 per positioning frequency layer where the number of PRS-RSRP measurement reports per positioning frequency layer is according to UE’s signaled capabilities.
Observation. PRS-RSRP reporting together with UE Rx-Tx timing difference positioning measurements is an optional UE capability. 
Proposal. In multi-RTT and for each positioning session, Ecat = 1 per positioning frequency layer where the number of UE Rx-Tx timing difference measurement reports per positioning frequency layer is according to UE’s signaled capabilities.



Open issues summary
Sub-topic 8-1 Measurement reporting criteria for PRS-RSTD
· Option 1: For intra-frequency RSTD measurement, Ecat = 1 is defined, 1 report capable of minimum [16] cell measurements per frequency layer.(CATT)
· Option 2: Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (when requested in NR-DL-TDOA-RequestLocationInformation).(Huawei)
· Option 3: (Ericsson)
· Ecat=1 for intra-frequency RSTD measurements, 1 report capable of RSTD measurements and also PRS-RSRP measurements (when configured together with the RSTD) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Ecat=1 for inter-frequency RSTD measurements, 1 report capable of RSTD measurements and also PRS-RSRP measurements (when configured together with the RSTD) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
· Option 4: In DL-TDOA and for each positioning session, Ecat = 1 per positioning frequency layer where the number of RSTD measurement reports per positioning frequency layer is according to UE’s signaled capabilities. (Qualcomm, MediaTek)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 8-2 Measurement reporting criteria for UE Rx-Tx timing difference
· Option 1: (Ericsson)
· Ecat=1 for intra-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured together with the UE Rx-Tx) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Ecat=1 for inter-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured together with the UE Rx-Tx) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
· Option 2: In multi-RTT and for each positioning session, Ecat = 1 per positioning frequency layer where the number of UE Rx-Tx timing difference measurement reports per positioning frequency layer is according to UE’s signaled capabilities. (Qualcomm)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 8-3 Measurement reporting criteria for PRS-RSRP
· Option 1: Reporting criteria of PRS-RSRP measurement is defined in DL-AoD, and Ecat = 1. (CATT)
· Option 2: Ecat = 1 for PRS-RSRP per positioning session (when requested in NR-DL-AoD-RequestLocationInformation-r16). (Huawei)
· Option 3: (Ericsson)
· When PRS-RSRP measurements are configured together with RSTD, the RSTD reporting criteria shall also include PRS-RSRP reports.
· When PRS-RSRP measurements are configured together with UE Rx-Tx, the UE Rx-Tx reporting criteria shall also include PRS-RSRP reports.
· The separate reporting criteria are specified for the case when PRS-RSRP measurements are not configured with RSTD or UE Rx-Tx  for PRS-RSRP defined as: 
· Ecat=1 for intra-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Ecat=1 for inter-frequency PRS-RSRP measurements, 1 report capable of PRS-RSRP measurements on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
· Option 4: In DL-AoD and for each positioning session, Ecat = 1 per positioning frequency layer where the number of PRS-RSRP measurement reports per positioning frequency layer is according to UE’s signaled capabilities. (Qualcomm)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 8-1 Measurement reporting criteria for PRS-RSTD
Support option 2. It should be noted that the LPP report is per session, and includes results for all the PRS layers, so we do not see the point to define Ecat per layer. This is different from RRM measurement, for which UE can report for each MO.
We are not sure if we need to define the number of RSTD in the reporting criteria. The maximum RSTD should be based on X1 ~ X7. To us it is simply repeating the meaning of the reported UE capability, which is not supposed to be RAN4 work, but if other companies have strong view, it is also ok for us.
We think it is necessary for mention PRS-RSRP if it is reported together with RSTD, so that for the reporting criteria for PRS-RSRP, we can just focus on DL-AoD. If this is optional, then the requirements just apply to the UE capable of reporting PRS-RSRP for DL-TDOA.
Sub-topic 8-2 Measurement reporting criteria for UE Rx-Tx timing difference
We support neither option 1 nor option 2. We suggest re-use the requirements for RSTD.
Sub-topic 8-3 Measurement reporting criteria for PRS-RSRP
Support option 2, similar comments as for RSTD.

	Ericsson
	Sub-topic 8-1: option 3
Sub-topic 8-2: option 1
Sub-topic 8-3: option 3

	Qualcomm
	Sub-topic 8-1: we don’t agree with option 1 (due to mention of minimum number of resources) and option 3 (due to bringing up X labels which is not necessary). We can check to see if all reports for all positioning frequency layers have to be done at the same time before supporting option 2. One issue with clubbing PRS-RSRP and PRS-RSTD in the same report is possibly different requirements and different UE capabilities. For example, some companies are arguing for different number of samples for PRS-RSRP (more than one sample) and PRS-RSTD (one sample). If so, then how does the same report generate PRS-RSRP and PRS-RSTD?
Sub-topic 8-2: we can come back to this once 8-1 is concluded.
Sub-topic 8-3: We support option 4 but can check to see if option 2 is agreeable. The issues we raised in sub topic 8-1 is of course not applicable when PRS-RSRP is configured by itself.  

	MTK
	Sub-topic 8-1: We support option 4
Sub-topic 8-2: We support option 2
Sub-topic 8-3: We support option 4

	Intel
	Sub-topic 7-1. To our understanding, this depends on our definition on the intra/inter measurement. And usually RAN4 needs to define the minimum number of layers to be measured. 

Sub-topic 7-2. Option 2 is more strictly and simply define intra measurement. Support Option 2.

Sub-topic 7-3-1. Option 1 is fine for us.
Sub-topic 7-3-2. The processing/buffering capabilities is under further discussion in RAN1, we can FFS after RAN1’s agreements.


 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#8-1
	Measurement reporting criteria for PRS-RSTD 
Recommendations for 2nd round:
Further discussion needed. 
Proponents of options 1 and 3, please elaborate why Ecat should consider intra-frequency and inter-frequency measurement considering that LMF will not know whether measurements are perceived as intra-frequency or inter-frequency by UE.
Is the following agreeable to companies?
· Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (if configured with RSTD and supported by UE). 

	Sub-topic#8-2
	Measurement reporting criteria for UE Rx-Tx timing difference
Recommendations for 2nd round:
Defer discussion to after the conclusion of sub-topic 8-1.

	Sub-topic#8-3
	Measurement reporting criteria for PRS-RSRP
Recommendations for 2nd round:
Defer discussion to after the conclusion of sub-topic 8-1.



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #9: Scheduling restrictions and need for MG
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003512
	MediaTek
	Proposal :  For FR1, if PRS is within serving cell BWP and also the SCS is same as that of serving cell BWP, UE shall be able to measure PRS without measurement gap or causing any scheduling restriction

	R4-2003285
	CATT
	Proposal：No scheduling restriction is needed in positioning measurement in FR1.

	R4-2004358
R4-2004359
R4-2004360
	Huawei, HiSi
	Proposal : PRS measurement should not cause any scheduling restriction. Any PRS measurement that cannot be done without causing interruption to data should be done with MG.
Proposal : UE should be able to measure a PRS layer without MG if the following conditions are met, otherwise UE is assumed to measure the PRS layer with MG.
· The PRS layer is in FR1 and within UE active BWP, and
· The SCS of the PRS layer is same as SCS of UE active BWP, or UE supports mixed numerology between PRS and UE active BWP. 

	R4-2004667
R4-2004670
R4-2004666
	Ericsson
	Proposal: The need for measurement gaps is determined by whether the measured PRS bandwidth is fully within the active BWP of the UE or not
· For RSTD configured for a reference link and the other DL link, measurement gaps may be needed for both DL links, for one of the two DL links, or for none of the two DL links, depending for which of the two DL links this condition is met.
Proposal: Measurement gaps applicability for PRS RSTD:
· At least all Rel-15 measurement gap configurations for NR are also applicable for OTDOA measurements (this has been already agreed for NR E-CID measurements)
· Measurement gaps applicability is clarified for OTDOA measurements in Section 9.1.2.
Same proposals for PRS-RSRP and UE Rx-Tx timing difference.

	R4-2003573
	Qualcomm
	Observation . Per RAN1 specification in TS 38.214, for both FR1 and FR2,
· DL PRS is not mapped to any symbol of SSB for the serving cell and neighbor cell if time/frequency location of SSB is provided to UE.
· UE is not expected to process DL PRS in the same symbol where other DL signals/channels are transmitted when MG is not configured. 

Proposal . RAN4 to uphold the agreement in RAN1 regarding the scheduling restrictions in DL PRS symbols for FR1 and FR2.
Proposal: For FR1 and when PRS is within serving cell BWP and also the SCS of the positioning frequency layer is same as that of serving cell BWP, UE shall be able to measure PRS without measurement gap. 
Proposal  Otherwise, UE should be allowed to request measurement gaps for PRS measurement and is required to meet the PRS measurement requirements only when it is provided with measurement gaps for PRS measurement.

	R4-2004080
	Nokia
	1. Apply the RAN1 rule for scheduling restriction of PRS symbols with other DL signals and channels in FR2, also for FR1.  



Open issues summary
Sub-topic 9-1 Scheduling restriction in FR1
RAN1 specification (TS 38.214) already applies scheduling restriction on PRS symbols to both FR1 and FR2. Scheduling restriction in FR1 is under debate in RAN4. If RAN4 overturns RAN1 agreement, an LS needs to be sent out to RAN1 to indicate so.
Q: Should there be scheduling restriction regarding PRS symbols in FR1?
· Option 1. Yes (Qualcomm, Nokia)
· Option 2. No (Huawei, MediaTek, CATT, Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 9-2 Measurements with MG
The issue is when positioning measurements require MG in FR1 and FR2. 
Sub-topic 9-2-1: Need for MG for positioning measurements in FR2
· Option 1. Always needed (Huawei, Qualcomm, MediaTek)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 9-2-2: Need for MG for positioning measurements in FR1
· Option 1. If PRS is within serving cell BWP and also the SCS is same as that of serving cell BWP, UE shall be able to measure PRS without measurement gap (MediaTek)
· Option 2. UE should be able to measure a PRS layer without MG if the following conditions are met, otherwise UE is assumed to measure the PRS layer with MG (Huawei, CATT)
· The PRS layer is within UE active BWP, and
· The SCS of the PRS layer is same as SCS of UE active BWP, or UE supports mixed numerology between PRS and UE active BWP.
· Option 3. The need for measurement gaps is determined by whether the measured PRS bandwidth is fully within the active BWP of the UE or not (Ericsson)
· For RSTD configured for a reference link and the other DL link, measurement gaps may be needed for both DL links, for one of the two DL links, or for none of the two DL links, depending for which of the two DL links this condition is met.
· Similarly for RSRP and UE Rx-Tx timing difference (except for one link)
· Option 4. When PRS is within serving cell BWP and also the SCS of the positioning frequency layer is same as that of serving cell BWP, UE shall be able to measure PRS without measurement gap. Otherwise, MG is needed (Qualcomm, MediaTek)
· Other options not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 9-3 Applicability of R15 MGP to positioning measurements
There is one proposal about the applicability of R15 MGP to R16 positioning measurements.
· Option 1. Measurement gaps applicability for positioning measurements (Ericsson, Huawei):
· At least all Rel-15 measurement gap configurations for NR are also applicable for positioning measurements 
· Other options not excluded.

Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 9-1 Scheduling restriction in FR1
Support option 2. Similar as SSB measurement, the reason why UE cannot do simultaneous PRS measurement and data reception in FR2 is that UE needs to sweep Rx beams for PRS measurement, but this is not the case for FR1. We do not see the issue why UE needs scheduling restriction for PRS measurement but not for SSB measurement.
We also have a question for clarification to Qualcomm related to sub-topic 9-2-2: the proposal is that for FR1 when PRS is within active BWP and has same SCS as BWP, UE does not need MG to measure PRS. On the other hand, for sub-topic 9-1 the proposal is to allow scheduling restriction (allow UE to drop PRS), then how could PRS in this case be measured with guaranteed performance without MG?
Sub-topic 9-2 Measurements with MG
Sub-topic 9-2-1: support option 1, as otherwise there is no way to make sure PRS can be measured with guaranteed performance (data scheduling is dynamic).
Sub-topic 9-2-2: support option 2. This should be same as SSB measurement, and support of mixed numerology between PRS and data can be a UE capability.
Sub-topic 9-3 Applicability of R15 MGP to positioning measurements
We think option 1 is reasonable. 

	Ericsson
	Sub-topic 9-1: option 2
Sub-topic 9-2-1: Option 1 is confusing
Moderator: It would help being more expressive so clarifications can be provided!
· Further clarification: we do not support option 1, because there can be many cases when gaps are not needed (e.g., relation to active BWP, per-FR gaps, etc.), so to which scenarios “always” applies?
Sub-topic 9-2-2: option 3
Sub-topic 9-3: option 1

	CATT
	Sub-topic 9-2-1: support option 1
Sub-topic 9-2-2: support option 2

	Qualcomm
	Sub-topic 9-1: support option 1. In response to Huawei’s question, the rationale for scheduling restriction in FR1 is to allow maximum possible BW to PRS, i.e., avoid FDM’ing other data/channels with PRS. SSB does not need scheduling restriction because by nature it is narrowband. PRS performance depends on BW so scheduling restriction helps with positioning performance. We also have a question for Huawei: how is it that PRS+RRM processing is deemed difficult to do by Huawei but PRS+PDSCH/PDCCH is not? 
Sub-topic 9-2-1: support option 1.
Sub-topic 9-2-2: we cannot support using the same capability as R15 for mixed numerology support as we discussed in sub-topic 5-1. So option 2 is not agreeable to us. Option 3 is not agreeable to us either as it disregards SCS. I believe options 1 and 4 are the same. 
Sub-topic 9-3: needs further discussion once requirements are defined. Small MG periods may not be suitable subject to UE capabilities. We cannot agree on option 1 yet.

	MTK
	Sub topic 9-1: Support option 2
Sub topic 9-2-1: Support option 1
Sub topic 9-2-2: Can support option 1 and option 4

	Intel 
	Sub-topic 9-1. In our views, firstly we agreed that PRS measurement should not cause any performance impacts and interruption to the serving cell’s data and measurement. That is why RAN1 has similar agreements. But according to our analysis in [R4-2003206] below such conditions may not enough to guarantee no impacts on RRM measurement.
Observation 5: When PRS resource boundary is close to other RRM reference signal (e.g. SSB and CSI-RS) , up to UE processing capability the impact on other RRM measurements is possible. 
Therefore, in order to avoid any existing RRM requirements due to the potential collision between PRS measurement and RRM measurement, we can suggest that[R4-2003206]:
Proposal 3: The existing SSB and CSI measurement requirements can be applied under the following condition:
· “DL PRS to be measured is not mapped to any symbol that contains SS/PBCH and the adjacent X symbols”
 Sub-topic 9-2. Not clear on this issue. In our view, whether the gap needed can be independent with FR1 or FR2. And this topic (Sub-topic 6-2-1) shall be discussed in other AI

Sub-topic 9-3.Not sure all of them shall be applicable for PRS (e.g. short MGL gaps)


 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#9-1
	Scheduling restriction in FR1
Recommendations for 2nd round:
Further discussion needed. 
TS 38.214: “The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are transmitted to the UE when there is no measurement gap configured to the UE.”

	Sub-topic#9-2
	Measurements with MG
Sub-topic 9-2-1: Need for MG for positioning measurements in FR2
Recommendations for 2nd round:
Further discussion needed. 
In FR2, UE needs to perform Rx beam sweeping. Can opponents of option 1 please elaborate how performance of positioning and data can be guaranteed without MG? 
Sub-topic 9-2-2: Need for MG for positioning measurements in FR1
Recommendations for 2nd round:
Further discussion needed. 
Is the following agreeable?
· In FR1, UE can measure a PRS layer without MG if the following conditions are met, otherwise UE is assumed to measure the PRS layer with MG 
· The PRS layer is within UE active BWP, and
· The SCS of the PRS layer is same as SCS of UE active BWP, and
· The CP of the PRS layer is same as CP of UE active BWP

	Sub-topic#9-3
	Applicability of R15 MGP to positioning measurements
Recommendations for 2nd round:
Further discussion needed.



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #10: Side conditions 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003207
	Intel
	Proposal : SINR side conditions for PRS-RSTD in FR2 can be
· PRS Es/Iot = -6 dB for reference cell and 
· PRS Es/Iot = -13 dB for neighbor cells

	R4-2003285
R4-2003286
R4-2003298
	CATT
	Proposal：Side conditions for PRS RSTD measurements in FR2 are defined same as those in FR1, i.e. -13dB for neighbour cell and -6dB for serving cell.
Proposal ：The side condition of serving cell for PRS RSRP should be defined and the value is the same as the side condition for reference cell for RSTD i.e. -6dB. 
Proposal：Side conditions serving cell and neighbour cell for UE Rx-Tx time difference measurements should be defined and the value of serving cell shall be -6dB.

	R4-2003508
R4-2003509
R4-2003510
	MediaTek
	Proposal: The side conditions for FR2 PRS-RSTD measurements are
· Neighbor cells: PRS Es/Iot = -13 dB
· Reference cell: PRS Es/Iot = -6 dB
Proposal: RAN4 to define relative accuracy requirements for PRS-RSRP with the side condition that Es/Iot  dB for two PRS resources associated with the same TRP
Proposal: For UE Rx-Tx time difference measurement, no need to define side condition for the serving cell

	R4-2004358
R4-2004359
R4-2004360
	Huawei, HiSi
	Proposal: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.
Proposal: Define PRS-RSRP accuracy requirements based on single-shot measurement for the following two side conditions:
· Es/Iot = 6dB, without PRS repetition
· Es/Iot = -13dB for FR1 and -10dB or FR2, with PRS repetition = [4]
Same side condition applies for all cells involved in PRS-RSRP measurement.
Proposal: Define Rx-Tx time difference accuracy requirements based on single-shot measurement for the following side condition:
· Es/Iot = -13dB for FR1 and Es/Iot = -10dB for FR2
Same side condition applies for all cells involved in Rx-Tx time difference measurement.

	R4-2004667
R4-2004670
R4-2004666
	Ericsson
	Proposal: RSTD side conditions for neighbour and reference cell in FR2: same as for FR1.
Proposal: For OTDOA, PRS-RSRP side conditions are specified for reference (which may or may not be serving) TRP and neighbor TRPs, in which case the PRS-RSRP side conditions are the same as for RSTD.
Proposal: For DL-AoD and Multi-RTT, PRS-RSRP side conditions are specified for serving TRP and neighbor TRPs.
Proposal: For DL-AoD and Multi-RTT, the side conditions for FR1 and FR2 are:
· for serving TRP: -3 dB,
· for non-serving TRP: see agreement in RAN4#92-bis (“Side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells”) and agreement in RAN4#93 (“Neighbor cells for RSTD: PRS Es/Iot = [-13] dB”).
Proposal: Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2.

	R4-2003571
R4-2003568
R4-2003569
	Qualcomm
	Proposal. For FR2, the side condition for PRS SNR of reference cell to be -3 dB and the side condition for PRS SNR of neighbor cells to be -10 dB.
Proposal. On PRS-RSRP side conditions:
a. Neighbor cell side condition to be the same as neighbor cell side condition in PRS-RSTD
b. Serving cell side condition is not needed
c. Reference cell side condition is not needed but if strong views exists on its presence, it shall be the same as PRS-RSTD reference cell side condition for all positioning methods.
Proposal. On Rx-Tx timing difference measurement side conditions:
a. Serving cell side condition is not needed
b. Reference cell side condition is not needed but if strong views exists on its presence, it shall be the same as PRS-RSTD reference cell side condition for all positioning methods.



Open issues summary
Sub-topic 10-1 Side conditions for PRS-RSTD in FR2
· Option 1. -3 dB for reference cell and -10 dB for neighbour cells (Huawei, Qualcomm)
· Option 2. Same as in FR1 (MediaTek, Intel, CATT, Ericsson)

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 10-2 Side conditions for PRS-RSRP
Sub-topic 10-2-1: Side conditions for serving cell
· Option 1. -6 dB (CATT)
· Option 2. For DL-AoD and Multi-RTT, the side condition for FR1 and FR2 is -3 dB for serving TRP (Ericsson)
· Option 3. Not needed (Qualcomm, Huawei, Intel)

Recommended WF: Further discussion needed. Collect companies’ views.  

Sub-topic 10-2-2: Side conditions for reference cell
· Option 1. For OTDOA (i.e., when configured with RSTD), PRS-RSRP side condition  for reference (which may or may not be serving) TRP to be  the same as for reference cell for RSTD (Ericsson, Intel).
· Option 2. Not needed (Qualcomm, Huawei, MediaTek, CATT)

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 10-2-3: Side conditions for neighbour cells
· Option 1. (Ericsson)
· For OTDOA, PRS-RSRP side condition for neighbour to be the same as for neighbor cell for RSTD 
· For DL-AoD and Multi-RTT and non-serving TRP, the side conditions are: see agreement in RAN4#92-bis (“Side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells”) and agreement in RAN4#93 (“Neighbor cells for RSTD: PRS Es/Iot = [-13] dB”).
· Option 2.  dB for two PRS resources associated with the same TRP (MediaTek)
· Option 3. Same side condition applies for all cells involved in PRS-RSRP measurement (Huawei)
· Es/Iot = 6dB, without PRS repetition
· Es/Iot = -13dB for FR1 and -10dB or FR2, with PRS repetition = [4]
· Option 4. Same as neighbour cell PRS-RSTD (Qualcomm, CATT, Intel, MediaTek)

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 10-3 Side conditions for UE Rx-Tx timing difference
Background – agreements from RAN4#93:
· Serving cell:
· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference in FR1 are FFS.
· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference in FR2 are FFS.
· Neighbour cell:
· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference and for RSTD measurement in FR1 are the same.
· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference and for RSTD measurement in FR2 are the same.
Sub-topic 10-3-1: Side conditions for serving cell
· Option 1. -6 dB (CATT)
· Option 2. Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2. (Ericsson)
· Option 3. Not needed (Qualcomm, Huawei, MediaTek, Intel)

Recommended WF: Further discussion needed. Collect companies’ views.  

Sub-topic 10-3-2: Side conditions for reference cell
· Option 1. Same as reference cell in RSTD (Intel, MediaTek)
· Option 2. Not needed (Qualcomm, Huawei,, Ericsson, CATT)

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 10-3-3: Side conditions for neighbour cells
· Option 1. Same as neighbour cell PRS-RSTD (Qualcomm, Huawei)
· Other options are not excluded.

Recommended WF: Was already agreed in RAN4#93 – see the background above.
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 10-1 Side conditions for PRS-RSTD in FR2
Support option 1, based on our simulation results.
Sub-topic 10-2 Side conditions for PRS-RSRP
Sub-topic 10-2-1: support option 3. Serving cell may or may not be measured for PRS-RSRP, and even it is measured we do not see the need to define a separate side condition for it. From DL-AoD pov, serving cell is not special from other cells. It may be with high Es/Iot but we can discuss the exact value separately.
Sub-topic 10-2-2: support option 2. From DL-AoD pov, reference cell is not special from other cells. It may be with high Es/Iot but we can discuss the exact value separately.
Sub-topic 10-2-3: support option 3, i.e. two set of side conditions. It should be noted that in option 3 the same side condition applies for all cells. The reason to have -6dB is because some companies considers the main use case of DL-AoD to be indoor so the Es/Iot is high, but we do not think -6dB alone is enough, because we need to consider neighbor TRP and non-strongest PRS resources per TRP. From performance pov it is also meaningful becasue the accuracy quite depends on Es/Iot. 
Sub-topic 10-3 Side conditions for UE Rx-Tx timing difference
Sub-topic 10-3-1: support option 3, same as for PRS-RSRP.
Sub-topic 10-3-2: support option 2, same as for PRS-RSRP.
Sub-topic 10-3-3: support option 1, unlike DL-AoD, multi-RTT is not considered to be used for indoor, so one set of side condition based on neighbor cell for RSTD should be enough.

	Ericsson
	Sub-topic 10-1: option 2.
Sub-topic 10-2-1: option 2
Sub-topic 10-2-2: option 1, it’s needed for OTDOA
Sub-topic 10-2-3: option 1
Sub-topic 10-3-1: option 2
Sub-topic 10-3-2: it was agreed in RAN4#93 to define only for serving and neighbor cells
Sub-topic 10-3-3: in RAN4#93 it was already agreed to be the same as for RSTD in FR1 and FR2

	CATT
	Sub-topic 10-1: support option 2.
Sub-topic 10-2-1:  support option 1, for PRS-RSRP in DL-TDOA and Multi-RTT, we agree not to define side condition separately, it can use the same side condition with RSTD and UE Rx-Tx time difference, but for DL-AoD, the PRS-RSRP is measured alone and for each cell, there is no reference cell, so the side condition should be defined for serving cell and neighbor cell.
Sub-topic 10-2-2: support option 2
Sub-topic 10-2-3: support option 4
Sub-topic 10-3-1:  support option 1. Same as PRS-RSRP, UE Rx-Tx time difference is measured in single cell, the side condition for reference cell is not needed. The side condition is defined for serving cell and neighbor cell, the value is same as PRS-RSRP, i.e. -6dB for serving cell and -13dB for neighbor cell.
Sub-topic 10-3-2: support option 2
Sub-topic 10-3-3: support option 1

	Qualcomm
	Sub-topic 10-1: support option 1 based on our link-level simulation results, our system level simulation results, and Ericsson’s system level simulation results.
Sub-topic 10-2-1: Same view as Huawei. Regardless of positioning method, there is always going to be assistance data reference which determines the timing of PRS symbols. If not, how else would UE know where to find PRS? Also, the notion that DL-AoD is only configured for serving TRP is false. Even in DL-AoD, we need at least two TRP to fix the position.
Sub-topic 10-2-2: option 2
Sub-topic 10-2-3: option 4
Sub-topic 10-3-1: option 3. Same comment as in sub-topic 10-2-1.
Sub-topic 10-3-2: option 2 but can also agree on option 1.

	MTK
	Sub topic 10-1: Support option 2
Sub topic 10-2-1: Support option 3
Sub topic 10-2-2 & Sub topic 10-2-3: Support option 3 (added above)
  Agree with QC’s view that for DL-AoD, at least two TRPs are need for positioning fix.
  Thus, we can agree to define side conditions for reference cells and neighbor cells.
  For reference cell, the side condition for reference cell for RSTD can be reused.
  For neighbor cell, can accept side condition -6dB or -13dB.
  One thing to note is that each cell (TRP) should be configured 2 PRS resources so that relative PRS-RSRP accuracy requirements can be test.
Sub topic 10-3-1: Support option 3
Sub topic 10-3-2: Support option 1 
Sub topic 10-3-3: Support option 1

	Intel
	Basically we thought the side condition for PRS-RSRP or other measurement based on PRS shall be same as these of PRS-RSTD. Thus our views are:

Sub-topic 10-1. Option 2
Sub-topic 10-2-1 and 10-2-2.  No need for the serving cell but the reference cell
Sub-topic10-2-3. Option 4

Sub-topic 10-3-1 and 10-3-2.  No need for the serving cell but the reference cell
Sub-topic10-3-3. Option 2



 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#10-1
	Side conditions for PRS-RSTD in FR2
Recommendations for 2nd round:
Further discussion needed.

	Sub-topic#10-2
	Side conditions for PRS-RSRP
Sub-topic 10-2-1: Side conditions for serving cell
Recommendations for 2nd round:
Further discussion needed. 
Based on TS 38.214 and LPP, UE always expects to be provided with reference cell from which PRS symbol timing is established, even though reference cell may or may not be measured.
TS 38.214: “The UE expects to be configured with higher layer parameter DL-PRS-expectedRSTD, which defines the time difference with respect to the received DL subframe timing the UE is expected to receive DL PRS, and DL-PRS-expectedRSTD-uncertainty, which defines a search window around the expectedRSTD.”
Sub-topic 10-2-2: Side conditions for reference cell
Recommendations for 2nd round:
Further discussion needed.
Sub-topic 10-2-3: Side conditions for neighbour cells
Recommendations for 2nd round:
Further discussion needed.
It seems option 2 can now be removed. Can option 1 be merged to option 4?

	Sub-topic#10-3
	Side conditions for UE Rx-Tx timing difference
Sub-topic 10-3-1: Side conditions for serving cell
Recommendations for 2nd round:
Further discussion needed. 
Based on TS 38.214 and LPP, UE always expects to be provided with reference cell from which PRS symbol timing is established, even though reference cell may or may not be measured.
TS 38.214: “The UE expects to be configured with higher layer parameter DL-PRS-expectedRSTD, which defines the time difference with respect to the received DL subframe timing the UE is expected to receive DL PRS, and DL-PRS-expectedRSTD-uncertainty, which defines a search window around the expectedRSTD.”
Sub-topic 10-3-2: Side conditions for reference cell
Recommendations for 2nd round:
Further discussion needed. 
RAN4#93 WF captures agreements on side conditions for serving cell and neighbor cells but does not exclude side conditions for reference cell.



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #11: Accuracy requirements 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004358
R4-2004359
R4-2004360
	Huawei, HiSi
	Proposal: RSTD accuracy requirements are defined based on single shot measurement.
Proposal : Define only relative accuracy requirements for PRS-RSRP.
Proposal: The measurement period and accuracy requirements do not apply if cell change or TA change occurs during Rx-Tx time difference measurement period.

	R4-2004667
R4-2004670
R4-2004666
	Ericsson
	Proposal: The applicable accuracy requirements for RSTD measurements under cell change:
· For intra-frequency HO, intra-frequency accuracy applies;
· For inter-frequency HO, 
· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 
· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 
· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 
Proposal: RAN4 defines the following requirements for PRS-RSRP measurements:
· Intra-frequency measurement requirements, FR1 and FR2,
· Inter-frequency measurement requirements, FR1 and FR2.

Proposal: RAN4 will define requirements for:
· Serving cell UE Rx-Tx time difference measurements
· Neighbor cell UE Rx-Tx time difference measurements
Proposal: Applicable accuracy requirements for UE Rx-Tx measurements under cell change:
· For intra-frequency serving cell change, intra-frequency accuracy applies;
· For inter-frequency serving cell change, 
· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 
· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 
· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 
Proposal: The UE shall continue the UE Rx-Tx time difference measurement during which timing adjustment for its UL transmissions, autonomous adjustment or based on configured TA, occurred one or more times.
Proposal: The UE shall meet the same accuracy requirements, regardless of whether timing adjustment occurred or not.
Proposal: The UE can compensate the measurement by the amount of the timing adjustment applied at the UE during the UE Rx-Tx measurement period.

	R4-2003286
R4-2003288
R4-2003289
	CATT
	Proposal：Both relative and absolute accuracy are needed for PRS RSRP.
Proposal ：RSTD measurement accuracy requirements are defined using one DL PRS resource. 
Proposal : The PRS-RSRP measurement accuracy requirement is defined based on 5 samples.

	R4-2003509
R4-2003510
	MediaTek
	Proposal : No need to define absolute PRS-RSRP accuracy requirements
Proposal : RAN4 to define relative accuracy requirements for PRS-RSRP 
Proposal : For PRS-RSRP relative accuracy requirements, the Es/Iot side conditions should not be defined for reference cell and neighbour cell, instead, the side conditions should be defined for two PRS resources associated with the same TRP
Proposal : Accuracy requirements are not applicable to Rx-Tx time difference measurements if UL timing change is applied due to TA update during a measurement period

	R4-2003567
R4-2003568
R4-2003569
	Qualcomm
	Proposal. PRS-RSTD measurement accuracy requirements to be defined using samples from only one DL PRS resource repetition for reference and neighbor, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.
Observation. In DL-AoD positioning method, differential PRS-RSRP measurement is used for positioning calculation. In multi-RTT or DL-TDOA with PRS-RSRP used as a weighting factor for other timing related measurements, differential RSRP serves the purpose and there is no need to have absolute PRS-RSRP requirements. 
Proposal. RAN4 to define only differential measurement accuracy requirements for PRS-RSRP.
Proposal. The number of samples, , used to define the accuracy requirements of Rx-Tx timing difference measurement to be the same as the number of samples used to define the accuracy requirements for RSTD measurements. 
Observation. Two factors impact the accuracy requirements of gNB/UE Rx-Tx time difference measurement:
· TUE-RX estimation error from DL PRS (for UE) or UL SRS (for gNB) resources
· Rx-Tx calibration error
Observation. The performance and accuracy of multi-RTT depends on Rx-Tx calibration error on both UE and gNB. Hence, the error budget should be viewed holistically from both sides. Allocating a small error budget on one side (UE or gNB) while permitting a disproportionately larger error budget on the other side is nonsensical.
UE motion, UE clock drift and gNB clock drift can result in significant errors for measurements that are performed apart in time but are all used to generate the same position fix.
Proposal. The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-Slot-offset and SRS-Periodicity for SRS resource for positioning are such that any SRS transmission is within [-25, 25] msec of at least one DL PRS resource of each of the TRPs in the assistance data. 



Open issues summary
Sub-topic 11-1 Number of samples for accuracy requirements
Sub-topic 11-1-1: Number of samples for RSTD accuracy requirements
· Option 1. One-shot (Huawei, Qualcomm, CATT, Intel, MediaTek)
· Option 2. More than one shot is needed in some cases (e.g, smaller PRS BW) (Ericsson)

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-1-2: Number of samples for RSRP accuracy requirements
· Option 1. One-shot with repetition for Es/Iot = 6dB, and with PRS repetition = [4] for Es/Iot = -13dB for FR1 and -10dB or FR2 (Huawei)
· Option 2. 5 samples (CATT)
· Other options are not excluded.

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-1-3: Number of samples for Rx-Tx timing difference accuracy requirements
· Option 1. One-shot (Qualcomm, Huawei, CATT, Intel, MediaTek)
· Other options are not excluded.

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-2 Impact of cell change 
Sub-topic 11-2-1: Serving cell change for RSTD
· Option 1. The applicable accuracy requirements for RSTD measurements under cell change (Ericsson):
· For intra-frequency HO, intra-frequency accuracy applies;
· For inter-frequency HO, 
· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 
· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 
· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 
· Other options are not excluded.

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-2-2: Serving cell change for Rx-Tx timing difference
· Option 1. Applicable accuracy requirements for UE Rx-Tx measurements under cell change (Ericsson):
· For intra-frequency serving cell change, intra-frequency accuracy applies;
· For inter-frequency serving cell change, 
· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 
· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 
· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 
· Option 2: The measurement period and accuracy requirements do not apply if cell change or TA change occurs during Rx-Tx time difference measurement period. (Huawei, Qualcomm, CATT)
· Other options are not excluded.

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-3 Impact of TA update on Rx-Tx timing difference 
· Option 1. The measurement period and accuracy requirements do not apply if cell change or TA change occurs during Rx-Tx time difference measurement period (Huawei, MediaTek, CATT)
· Option 2. The UE shall meet the same accuracy requirements, regardless of whether timing adjustment occurred or not (Ericsson)
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-4 Proximity of SRS and PRS for Rx-Tx timing difference 
· Option 1. The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-Slot-offset and SRS-Periodicity for SRS resource for positioning are such that any SRS transmission is within [-25, 25] msec of at least one DL PRS resource of each of the TRPs in the assistance data. (Qualcomm)
· Other options are not excluded.
Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-5 Types of requirements  
Sub-topic 11-5-1: Relative and absolute RSRP requirements
· Option 1. Define only relative accuracy requirements for PRS-RSRP (MediaTek, Huawei, Qualcomm, Intel, CATT)
· Option 2. Define both absolute and relative accuracy requirements for PRS-RSRP 

Recommended WF: Further discussion needed. Collect companies’ views.  

Sub-topic 11-5-2: Intra-frequency vs. inter-frequency PRS-RSRP
· Option 1. RAN4 defines the following requirements for PRS-RSRP measurements (Ericsson, Intel):
· Intra-frequency measurement requirements, FR1 and FR2,
· Inter-frequency measurement requirements, FR1 and FR2.

· Other options are not excluded. 

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 11-5-3: Serving vs. neighbour UE Rx-Tx timing difference 
· Option 1. RAN4 will define requirements for (Ericsson):
· Serving cell UE Rx-Tx time difference measurements
· Neighbor cell UE Rx-Tx time difference measurements
· Option 2. No separate requirement for serving and neighbour cell for UE Rx-Tx time difference measurement (CATT, Qualcomm, Huawei)
· Other options are not excluded. 

Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 11-1 Number of samples for accuracy requirements
Sub-topic 11-1-1: option 1, based on our simulation results, 1 sample should be enough.
Sub-topic 11-1-2: option 1, based on our simulation results, 1 sample should be enough.
Sub-topic 11-1-3: option 1, based on our simulation results, 1 sample should be enough.
Sub-topic 11-2 Impact of cell change
Sub-topic 11-2-1: we do not agree with option 1 at least based on our proposal for the definition of intra/inter-frequency. 
Sub-topic 11-2-2: support option 2, UE is expected to re-start Rx-Tx measurement in case of HO, so no accuracy requirement should apply. 
Sub-topic 11-3 Impact of TA update on Rx-Tx timing difference
Support option 1, same comment as for sub-topic 11-2-2.
Sub-topic 11-4 Proximity of SRS and PRS for Rx-Tx timing difference
We still need more time to check, and we are not sure if we should include such restriction. We can understand the motivation from positioning performance side, but this will also limit number of UEs that can use Rx-Tx, because PRS is common signal while SRS transmission is UE specific. The SRS capacity in the proposed range would be limited.
Sub-topic 11-5 Types of requirements
Sub-topic 11-5-1: support option 1, considering the main use case of PRS-RSRP.
Sub-topic 11-5-2: this depends on the definition of intra/inter-frequency, and at least based on our proposal, there is no need to define separate requirements. 
Sub-topic 11-5-3: we do not see option 1 is needed, as mentioned in side condition part, we think serving cell is not special from other cells in multi-RTT.

	Ericsson
	Sub-topic 11-1-1: one-shot is not sufficient at least for some configurations, including small BWs and FR2
Sub-topic 11-1-2: one-shot is not sufficient at least for some configurations
Sub-topic 11-1-3: RAN4 needs first to discuss and agree simulation assumptions for UE Rx-Tx.
Moderator: see chairman’s note from RAN4#94-e.
· Further clarification: The notes says that simulations can be provided but who said that we agree that these are the simulation assumptions (this came out in the end of the email discussion, nobody had simulation assumptions for UE Rx-Tx in the beginning of the meeting)? The simulation assumptions have to be agreed first.
Sub-topic 11-2-1: option 1. This is based on the previous agreements in the WF in R4-1915854 (RAN4#93); slide 14.
Sub-topic 11-2-2: option 1. This is also based on the previous agreements in the WF in R4-1915854 (RAN4#93); slide 12.
Sub-topic 11-3: option 2, because otherwise since TA and also autonomous UE timing adjustments can be quite frequent and the requirements will never apply which means that the performance of UE Rx-Tx measurements will be unreliable in practice 
Sub-topic 11-4: no need in such restriction

	CATT
	Sub-topic 11-1-1:  support option 1. Based on simulation results.
Sub-topic 11-1-2: support option 2
Sub-topic 11-1-3: support option 1
Sub-topic 11-2-1: it is related to the definition of intra/inter frequency which is not defined, so we cannot agree to option 1
Sub-topic 11-2-2: support option 2
Sub-topic 11-3: support option 1
Sub-topic 11-5-1: can agree to option 1
Sub-topic 11-5-2: it is related to intra/inter-frequency definition
Sub-topic 11-5-3: no need to be different for neighbour cell and serving cell, the requirements shall apply for all cells

	Qualcomm
	Sup-topic 11-1-1: one shot is sufficient for all PRS configurations. A shot can mean higher repetition slots for smaller PRS BW. No combining across occasions is needed in any case.
Sub-topic 11-1-2: for proponents of different number of samples compared to RSTD, how will the measurement period be defined when PRS-RSRP and PRS-RSTD are configured together? Is UE expected to prolong the RSTD measurement period just to achieve the accuracy requirement of PRS-RSRP?
Sub-topic 11-1-3: support option 1.
Sub-topic 11-2-1: we cannot support option 1 until the definition of inter-/intra- is determined. R4-1915854 only discusses the continuity of RSTD measurement; not which accuracy applies to which case.
Sub-topic 11-2-2: same comment as in 11-2-1.
Sub topic 11-3: we need to further check this. Our initial thought was that UE will have issues but now we think gNB has even more severe issues because neighbor gNB has no knowledge of TA update so it cannot accurately measure SRS.
Sub topic 11-4: support option 1. We can further check on the impact to SRS capacity but the adverse impact on positioning performance is clear to us.
Sub topic 11-5-1: option 1
Sub topic 11-5-2: this should be discussed after definition of intra/inter is finalized
Sub topic 11-5-3: no need to differentiate serving from neighbor in requirements. 

	MTK
	Sub topic 11-1-1: Support option 1
Sub topic 11-1-2: No strong view on number of samples, but the side conditions should follow the conclusions on side conditions for PRS-RSRP measurement
Sub topic 11-1-3: Support option 1
Sub topic 11-2-1: Defer the discussion until intra-frequency measurement is defined
Sub topic 11-2-2: Defer the discussion until intra-frequency measurement is defined
Sub topic 11-3: Support option 1
Sub topic 11-4: In our view, the Rx-Tx measurement period requirement applies if there is at least one SRS resource available within the total PRS measurement period.
Sub topic 11-5-1: Support option 1

	Intel
	Sub-topic 11-1-1. Option 1
Sub-topic 11-1-2. Prefer 1 samples for all cases
Sub-topic 11-1-3. Option 1

Sub-topic 11-2-1. Serving cell change will not impact the accuracy requirement but the delay

Sub-topic 11-3. If the TA offset is independent on UE RX-Tx report, Option 1 make more sense. 
Sub-topic 11-4. Can be defer to the performance part
Sub-topic 11-5-1. As the PRS RSRP is used for the multipath detection only, Option 1 is fine for us.
Sub-topic 11-5-2. Option 1 
Sub-topic 11-5-3. Prefer no accuracy requirements for the serving cell



 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#11-1
	Number of samples for accuracy requirements 
Sub-topic 11-1-1: Number of samples for RSTD accuracy requirements
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 1. 
Can opponent of option 1 elaborate why increased slot repetition for smaller PRS BW cannot be used to realize one-shot estimation (same as in LTE)?
Sub-topic 11-1-2: Number of samples for RSRP accuracy requirements
Recommendations for 2nd round:
Further discussion needed.
Sub-topic 11-1-3: Number of samples for Rx-Tx timing difference accuracy requirements
Recommendations for 2nd round:
Further discussion needed.
One company opposes option 1 citing lack of agreement on simulation assumptions. Can RAN4 agree on the following?
· Link-level simulation assumptions for UE Rx-Tx time difference accuracy requirements to be agreed in RAN4#95
· Link-level RSTD simulation assumptions can be used as the starting point.

	Sub-topic#11-2
	Impact of cell change 
Sub-topic 11-2-1: Serving cell change for RSTD
Sub-topic 11-2-2: Serving cell change for Rx-Tx timing difference
Recommendations for 2nd round:
Defer discussion to after conclusion of Topic#5.

	Sub-topic#11-3
	Impact of TA update on Rx-Tx timing difference
Recommendations for 2nd round:
Further discussion needed

	Sub-topic#11-4
	Proximity of SRS and PRS for Rx-Tx timing difference 
Recommendations for 2nd round:
Defer the discussion to next meeting.

	Sub-topic#11-5
	Types of requirements  
Sub-topic 11-5-1: Relative and absolute RSRP requirements
Recommendations for 2nd round:
Try to agree on option 1.
Sub-topic 11-5-2: Intra-frequency vs. inter-frequency PRS-RSRP
Recommendations for 2nd round:
Defer the discussion to after the conclusion of Topic#5.
Sub-topic 11-5-3: Serving vs. neighbour UE Rx-Tx timing difference 
Recommendations for 2nd round:
Further discussion needed. Try to agree on option 2.



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #12: Link-level simulation results 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003209
	Intel
	Observation 1: There is obvious performance gap when PRS RSTD measurement BW is different.   
Observation 2: There is obvious performance gap when PRS resource number and comb size is different.   
Observation 3: There is obvious performance gap for FR1 and FR2.   
Proposal 1: Multiple PRS measurement performance requirements shall be defined at least regarding to:
· Different PRS measurement bandwidth (e.g. <=52RBs and >52RBs)
· Different PRS comb size (e.g. <=comb2 and >comb2) 
· Frequency range (FR1 or FR2) 

	R4-2003288
R4-2003289
	CATT
	Observation : The RSTD measurement error becomes smaller as the bandwidth increases.
Observation : The RSTD measurement error becomes smaller as the value of Es/Iot increases.
Observation : The RSTD measurement accuracy has no big difference in different comb factor. 
Observation : The largest absolute measurement error of DL RSTD is about 70Tc which will result in about  10m positioning error.
Proposal ：RSTD measurement accuracy requirements are defined using one DL PRS resource. 
Observation : The PRS-RSRP measurement error becomes smaller as the bandwidth increases.
Observation : The PRS-RSRP measurement error becomes smaller as the value of Es/Iot increases.
Observation : The PRS-RSRP measurement accuracy has no big difference in different comb factor. 
Observation : The PRS-RSRP measurement accuracy becomes better as the number of used samples increase, and the most absolute measurement error of PRS-RSRP is less than 2dB in the case of 5 samples.
Proposal : The PRS-RSRP measurement accuracy requirement is defined based on 5 samples.

	R4-2003511
	MediaTek
	Observation 1: Under Es/Iot = -13 dB, the accuracy of PRS-RSRP is not good. The accuracy requirements defined on such side condition may not be meaningful. 

	R4-2004361
R4-2004362
	Huawei, HiSi
	Observation : The performance for all comb size are similar.
Observation : Repetition up to 4 improves the performance for small RB number and fading channel.
Observation : The performance are quite dependent on the channel profile. 
Observation : The accuracy improves in proportion with BW in Hz due to better resolution.
Observation : For FR2, higher SNR condition improves the performance for small RB in fading channel. 
Observation : The performance for all comb size are similar.
Observation : Repetition up to 4 improves the performance for all RB number in all channels, while the gain is more significant for small RB number at low SNR.
Observation : The performance are dependent on the channel profile, but the difference is not much. 
Observation : The accuracy improves in proportion with BW in RB due to more REs for estimation.
Observation : The performance is quite dependent on SNR condition. 

	R4-2004665
	Ericsson
	Observation: In the studied scenarios, 1 repetition is sufficient for >104 PRBs, while for fewer PRS PRBs more repetitions may be needed to derive the requirements.

	R4-2003571
	Qualcomm
	Observation 1. Symbol-aligned asynchronous scenario yields the same RSTD accuracy results as long as expectedRSTD and expectedRSTD-uncertainty, which defines the search window, are properly configured for the neighbor cells and the side conditions for PRS SNR is met. 
Observation 2. Data and CCH load in non-PRS symbols play no role in RSTD accuracy results in synchronous scenario or symbol-aligned asynchronous scenario.
Observation 3. For each comb pattern, the same number of symbols are assumed with RE arrangement per RAN1 agreement. This means 2 symbols for comb-2, 4 symbols for comb-4, and 6 symbols for comb-6. No power boosting is assumed for different comb patterns. 
Observation 4. PRS-ResourceTimeGap is missing from simulation assumptions. In our simulation results, PRS-ResourceTimeGap = 1 is assumed meaning that repetitions of the same PRS resource are successive in time. 
Observation 5. In FR2, AWGN channel is also simulated to set the perspective for multipath fading channels. 
Observation 6. Summary of the observations from simulation results in Tables 1-3 are as follows:
· In AWGN channel, the RSTD accuracy results closely follows the inverse relationship with PRS BW as expected. Increasing PRS-ResourceRepetitionFactor has no impact on RSTD accuracy.
· In FR1, TDL-C has a strong NLOS path appearing later than LOS path which skews the RSTD estimation results considerably. 
· Different comb patterns yield similar accuracy results due to orthogonality of the three cells.
· In FR1, PRS-ResourceRepetitionFactor of 4, 2, and 1 for 10 MHz, 20/50 MHz, and ≥100 MHz, respectively, are good options.
· In FR2, PRS-ResourceRepetitionFactor = 1 is sufficient.
· In FR2, side conditions of (-3, -10, -10) dB shows a noticeable improvement in performance compared to (-6, -13, -13) dB.

Observation 7.  On the impact of PRS-ResourceTimeGap :
· PRS-ResourceTimeGap = 2 improves the performance in high doppler channels (TDL-B) compared to PRS-ResourceTimeGap = 1. 
· PRS-ResourceTimeGap = 4 does not improve RSTD estimation accuracy compared to PRS-ResourceTimeGap = 2.
· TDL-C channel is insensitive to PRS-ResourceTimeGap due to anomaly of NLOS condition.
 
Observation 8. TUE-RX estimation error in baseband (i.e., excluding Rx-Tx calibration error) is:
· Smaller than RSTD estimation error by a factor of approximately  in AWGN channel due to addition of estimation variance from reference and neighbour cells in RSTD estimation
· Larger than RSTD estimation error in multipath fading channel due to cancellation of common error components from detecting a later path as the earliest arrival path in RSTD estimation

Observation 9. Two factors impact the accuracy requirements of gNB/UE Rx-Tx time difference measurement:
· TUE-RX estimation error from DL PRS (for UE) 
· Rx-Tx calibration error

Proposal 1. For FR2, the side condition for PRS SNR of reference cell to be -3 dB and the side condition for PRS SNR of neighbor cells to be -10 dB.
Proposal 2. Exclude TDL-C channel model with 300 ns delay spread in FR1 from consideration for defining the RSTD accuracy requirements.
Proposal 3. Define the same RSTD accuracy requirements for different comb patterns when other configurations (e.g., PRS BW) are the same. 
Proposal 4. Define separate sets of requirements for FR1 and FR2. 
Observation 10. There is still no clear use case for absolute PRS-RSRP value in any of the positioning methods approved for R16 positioning WI. The use cases of PRS-RSRP in DL-AoD, DL-TDOA, and multi-RTT all rely on relative/differential PRS-RSRP. RAN4 should discuss how to define relative/differential PRS-RSRP accuracy requirements. 



Open issues summary
Sub-topic 12-1 Comb pattern impact 
Several companies have shown that the comb pattern does not impact the accuracy results.
Q: The accuracy requirements shall be agnostic to comb pattern (assuming all other configurations are the same)
· Option 1. Yes (Qualcomm, MediaTek, CATT, Huawei, Ericsson)
· Option 2. No (Intel)

Recommended WF: Further discussion needed. Collect companies’ views.  
Sub-topic 12-2 TDL-C channel model in FR1
Several companies have shown that accuracy results corresponding to TDL-C 300ns channel model in FR1 is significantly larger than other channel models due to NLOS. 
Q: The accuracy requirements shall include results from TDL-C 300ns channel model in FR1
· Option 1. Yes 
· Option 2. No (Qualcomm, MediaTek)

Recommended WF: Further discussion needed. Collect companies’ views.  

Sub-topic 12-3 Separate accuracy requirements for FR1 and FR2
Several companies have shown that noticeable distinction between accuracy results of FR1 and FR2 due to different channel model and SCS. 
Q: Separate accuracy requirements shall be defined for FR1 and FR2.
· Option 1. Yes (Qualcomm, Intel, Huawei, CATT, Ericsson, MediaTek)
· Option 2. No 

Recommended WF: Further discussion needed. Collect companies’ views.  
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei, HiSilicon
	Sub-topic 12-1 Comb pattern impact
Support option 1, based on our simulation results. 
Sub-topic 12-2 TDL-C channel model in FR1
We need more time to check.
Sub-topic 12-3 Separate accuracy requirements for FR1 and FR2
Support option 1 for RSTD and Rx-Tx as the resolution will be different due to large BW in FR2. For PRS-RSRP the accuracy mainly depends on number of RBs, so it needs to be further checked.

	Ericsson
	Sub-topic 12-1: option 1
Sub-topic 12-2: we think this channel model is practically useful and must be kept
Sub-topic 12-3: option 1, but whether the requirements defined separately are the same or not can be discussed later

	CATT
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Sub-topic 12-1: support option 1, comb pattern has no impact on the accuracy requirement based on our simulation results.
Sub-topic 12-3: support option 1

	Qualcomm
	Sub topic 12-1: support option 1
Sub topic 12-2: support option 1. This channel model was picked randomly and has no particular use case. In fact, none of the channel models in practice are TDL. They are all CDL. Due to unfeasibility of realizing CDL in test chamber, TDL is used in R15.
Sub topic 12-3: support option 1.

	MTK
	Sub topic 12-1: Support option 1
Sub topic 12-2: Support option 2
Sub topic 12-3: Support option 1

	Intel
	Sub-topic 12-1. In case of different comb size, the number of PRS symbol is also different. This can introduce performance difference in some degree. 

Sub-topic 12-2. In the realistic deployments, UE has no ideas on the type of channel. It doesn’t make sense to exclude the requirements for some channel indeed. 
Sub-topic 12-3. Support option 1



 
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#12-1
	Comb pattern impact 
Recommendations for 2nd round:
Further discussion needed. Try to agree on Option 1.

	Sub-topic#12-2
	TDL-C channel model in FR1
Recommendations for 2nd round:
Defer discussion to next meeting.

	Sub-topic#12-3
	Separate accuracy requirements for FR1 and FR2
Recommendations for 2nd round:
Tentative agreement
· PRS-RSTD and UE Rx-Tx time difference accuracy requirements will be separately defined for FR1 and FR2.




CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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