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Introduction
 This document summarizes the contribution submitted to A.I 9.5.5, positioning for RedCap UEs. the proposals are prioritized with [LOW][MEDIUM][HIGH] tags, with the intention that [HIGH] proposals are intended for online discussion during this meeting, and [MEDIUM] proposals could be discussed if time allows. [LOW] proposals are listed to collect views from companies and are typically consisting of proposals based on few contributions. 

Aspect #1 General issues
Supported methods [MEDIUM]
Background
In [7] [10] [14] [15], companies have discussed which methods would be applicable to RedCap UEs. 

	Company
	Proposal

	[7]
	Proposal 2: RAN1 should support phase alignment for Multi-RTT and determine if phase alignment is needed for both UL at the gNB and DL at the UE.

	[10]
	Proposal 1: Support Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning.

	[14]
	Proposal 3: Support both DL/UL timing and angle based positioning methods for hopping based positioning methods

Proposal 4: For DL-TDOA, the UE should expect that all TRPs transmit PRS with the same frequency hopping pattern

	[15]
	Proposal 1: Prioritize timing-based positioning technique such as TDoA, RTT for Redcap positioning



Round 1 (closed)
The WID does not mention any positioning method in particular to be supported for redcap UEs. Since both UL and DL are in scope, all RAT dependent methods can be considered. We can discuss a conclusion in the matter to clarify the scope of the WI.

Proposal 1.1-1: (for conclusion) Positioning for RedCap UEs includes all supported RAT-dependent positioning methods


Comments can be entered in the table below: 
Proposal 1.1-1:
	Company
	comment

	vivo
	OK

	CATT
	Support.

	InterDigital
	Support

	Spreadtrum
	Support.

	Qualcomm
	Support

	Apple
	Support

	ZTE
	Support

	NTT DOCOMO
	Support

	NEC
	Support

	LGE
	If we understand correct, this proposal does not imply that RedCap UE will support positioning methods which will be introduced in Rel-18. If my understand is correct, we are fine with the proposal.

	[bookmark: _Hlk128417577]IIT Kanpur, CEWiT
	Support.

	Bosch
	Support

	Ericsson
	Support



Status after Round 1 
The proposal seems to be acceptable, so it is moved for online endorsement. If time allows we propose to treat it in the first online session. 

Round 2 
The conclusion was revised during the Tuesday morning online session, and the following proposal was the latest captured:

Proposed conclusion
Rel-18 positioning enhancements for RedCap UEs includes all RAT-dependent positioning methods supported in Rel-17.

The discussion during the online session is whether the propal exclude CPP for redcap UEs. during the SI, we discussed several time the use of CPP for redcap UEs and it proposed to handle the issue in the CPP agenda. Moreover, the specific need of redcap UEs to support CPP is unclear. From the FL perspective, other topics are more critical to the WI progress, so we will not bring the proposal online again unless there is clear consensus in the comments.  We can take the latest proposed conclusion as a starting point for round 2 to see if the proposal can progress:

Proposal 1.1-2:
Rel-18 positioning enhancements for RedCap UEs includes all RAT-dependent positioning methods supported in Rel-17.

Comments can be entered in the table below: 
Proposal 1.1-2:
	Company
	comment

	CATT
	We prefer to leave this proposal as low priority.

	OPPO
	Support. 
Since this is very high level issue, it would be better to further disucss it. 



Reporting of measurements per hops [LOW]
Background
In [8][14], it is proposed to have the possibility for a UE to report per-hops measurements, instead of the full bandwidth measurement.

	Company
	Proposal

	[8]
	Proposal 6: For measurement report considering DL frequency hopping, UE should report the corresponding hop index for each location measurement result.


	[14]
	Proposal 6: Study measurement procedure for PRS/SRS hopping for timing and power measurements (e.g., RSTD, Rx-Tx, RSRP), i.e., whether to make measurements on received RS based on coherently combined hops or per hop-basis



Round 1 (closed)
Per hop measurement is only mentioned in 2 contributions so far, and considering the early stage, it may be better to it at a later meeting. It is marked as a lower priority and will be treated if time allow. 
 Proposal 1.2-1: for UL and DL positioning methods, support reporting of the measurements in each received hop. 

Comments can be entered in the table below: 
Proposal 1.2-1:
	Company
	comment

	InterDigital
	Support. We also propose to discuss this jointly with Proposal 3.4a-1.

	Qualcomm
	We are supportive

	Apple
	Support

	ZTE
	Support.
Even though frequency hopping is configured to UE/gNB for the sake of equivalent large bandwidth PRS measurement, some time a UE does not have to combine the measurement from multiple frequency hops, e.g. in the scenarios when UE is unable to measure all the hops due to conflict with other signals. In such case, UE/gNB should also report hop index for the location measurement results.



Status after Round 1 
There is so far only few comments, which are supportive. Let’s wait to collect more views during the next round. 
Round 2
We can continue the discussion on the proposal. Considering the short time allocated for offline discussion, we propose to continue the discussion through this document. The proposal is repeated below for convenience. 

Proposal 1.2-1 (no change from Round 1): for UL and DL positioning methods, support reporting of the measurements in each received hop.

Further comments can be entered in the table below: 
Proposal 1.2-1 : 
	Company
	comment

	CATT
	We acknowledge the value of per-hop reporting, and we support to further study the per-hop reporting, so we prefer the following updated proposal:

Updated Proposal 1.2-1 (no change from Round 1): for UL and DL positioning methods, study the benefits and necessity of support reporting of the measurements in each received hop.




Frequency range and maximum supported bandwidth [MEDIUM] (Closed)
Background
Proposals in [1][15] propose to consider both FR1 and FR2 range. On the other hand, [4] proposes to restrict the feature to only FR1, and to limit the bandwidth to 100MHz. 

	Company
	Proposal

	[1]
	Proposal 1: For improving the positioning accuracy of RedCap UEs, support SRS frequency hopping with partial overlapping frequency resources for both FR1 and FR2.
Proposal 2: For improving the positioning accuracy of RedCap UEs, support transmit/receive frequency hopping for PRS with partial overlapping frequency resources for both FR1 and FR2.

	[4]
	 Proposal 1: For RedCap UE positioning, specify the DL/UL frequency hopping at FR1 as a starting point.

Proposal 2:	For RedCap UE positioning, the maximum DL/UL frequency hopping bandwidth should be limited to 100MHz at FR1.

	[15]
	Proposal 5: Support Redcap PRS processing capability with reduced bandwidths e.g., 20MHz for FR1 and 100MHz for FR2 including a reduced Rx antenna/RF chain of a single antenna.



Round 1 (closed)
 Frequency range is not mentioned in the WID, so it would be helpful to agree on whether we should focus on a particular frequency range.   

 Proposal 1.3-1: (for conclusion): the scope for RedCap positioning includes FR1 and FR2. 

Comments can be entered in the table below: 
Proposal 1.3-1:
	Company
	comment

	CATT
	Support.
Both FR1 and FR2 should be included.

	InterDigital
	Support

	Qualcomm
	Support

	Apple
	Support

	ZTE
	Support

	NTT DOCOMO
	Support

	NEC
	Support.

	LGE
	Support

	IIT Kanpur, CEWiT
	Support.

	SONY
	Support & Prioritize FR1.



Status after Round 1 
The proposal seems to be acceptable, so it is moved for online endorsement. If time allows we propose to treat it in the first online session. 

conclusion (closed)
The was agreed as the following conclusion during the Tuesday online session. We can thus close this discussion. 

	Conclusion
The scope for RedCap positioning includes FR1 and FR2. 




DL-PRS Frequency Hopping
 Many companies expressed views on how the overlap between hop, bandwidth and switching time between hops may be configured. There is a relation between these parameters and the levels at which the SL PRS hopping is configured. For example, if the hopping is configured with multiple PRS resources, the overlap, bandwidth and switching time may become only a UE capability instead of a parameter and a capability. Based on this, we propose to discuss defining capabilities for overlap, hop bandwidth, and switching time between hop, and further discuss whether to introduce parameters for these capabilities in the PRS hopping configuration once we have a decision regarding how PRS hopping is configured. 

Specification of Rx and Tx hopping for DL PRS [HIGH] 
Background
Tx and Rx hopping were both discussed for PRS during the SI. In [1][6][20][21], support of both Tx and Rx hopping is proposed.  One argument for Tx hopping cited by several companies is the resource utilization efficiency compared to Rx hopping only.  In [2][5][12], it is proposed to down prioritize the support of Tx hopping. In [4], it is mentioned that both Rx and Tx have pros and cons, and therefore the specification of Tx hopping should be studied.[14] mentions the configuration of PRS either for Tx hopping or with Rx hopping, and also propose to consider a combination, where the first hops are coinciding with full bandwidth PRS, while the remaining hops are using Tx hopping.

 From the FL perspective, it is preferable to decide whether we should support Tx hopping, as it may influence the way PRS is configured for enabling the hopping pattern.  For example, Tx hopping can be configured using multiple PRS resources without many specification changes but would not be easily supported within a PRS resource. 


The proposals discussing Rx and Tx hopping are as follow:

	Company
	Proposal

	[1]
	Proposal 2: For improving the positioning accuracy of RedCap UEs, support transmit/receive frequency hopping for PRS with partial overlapping frequency resources for both FR1 and FR2. 


	[2]
	Proposal 1: PRS Tx hopping is considered as low priority.


	[4]
	Proposal 5:	For RedCap UEs positioning, study the pros and cons for PRS Tx/Rx frequency hopping vs. Rx frequency hopping only.

	[5]
	Proposal 8:	
•	For DL PRS frequency hopping, focus on wideband PRS transmission and narrowband PRS Rx frequency hopping.

	[6]
	Proposal 5: For Rel-18 RedCap UEs positioning with DL frequency hopping, support both Tx hopping and Rx hopping with partial overlapping of DL PRS. 
· FFS: how to reuse the PRS configuration of normal UEs for Rx hopping.

	[12]
	Observation 1: DL PRS transmission frequency hopping has large specification impact and introduces heavy DL PRS resource overhead.
Proposal 1: Only consider DL PRS reception frequency hopping in the normative phase.


	[15]
	Proposal 2: Support Rx hopping of DL PRS to meet the Redcap performance requirement

	[17]
	Proposal 1: In configuring the PRS, the following options should be considered:
•	Option 1: configuring the PRS over the entire effective bandwidth and the allowing the UE to measure over its actual transmission bandwidth
•	Option 2: configuring the PRS over only the bandwidth to be measured by the RedCap UE
•	Option 3: A mix of both Option 1 and Option 2
RAN1 should start with option 1 as baseline and justify the need for Option 2 and 3. 


	[18]
	Observation 1: Enabling receiver’s PRS hopping would allow sharing the legacy PRS across eMBB and Redcap devices. 
Observation 2: Specification impact of Rx PRS hopping is expected to be significantly smaller compared to Tx PRS hopping.  
Proposal 2: At least Rx DL-PRS frequency hopping should be supported.

Observation 3: Enabling transmitter’s PRS hopping could improve the Tx power, and further improve the positioning accuracy.
Proposal 3: Study further Tx DL-PRS frequency hopping.

	[20]
	Proposal 2-1: For downlink, support both UE RX frequency hopping and TX frequency hopping for narrower DL-PRS

	[21]
	Proposal 7	The wideband PRS transmission from network for normal NR UEs can be reused by RedCap UEs for positioning purpose with PRS-frequency-hopping reception at the UE side.



Round 1
Since the support of Tx Hopping may impact the choice of the solution to implement the hopping procedure, the discussion for support of Tx hopping is marked as a high priority. the outcome of the discussion on Tx hopping will be an input to the configuration discussion. 

Proposal 2.1-1: for positioning for RedCap UEs, regarding Tx Hopping and Rx hopping of the DL PRS, downselect between the following:
· Alt1: Both Tx and Rx hopping are supported.
· Alt2: Only Rx hopping is supported.

Comments can be entered in the table below: 
Proposal 2.1-1
	Company
	comment

	vivo
	Support Alt2 to focus on the case of Rx hopping.
From the WID scope description ‘Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning’, it does not make requirement for DL PRS Tx hopping. 
In addition, we don’t think ‘RedCap UE with hopping feature only’ is a typical scenario, considering the eMBB UE, or RedCap UE without hopping feature,  wideband PRS Tx with Rx hopping should be high priority.

	CATT
	We prefer Alt.1.
We support both Tx hopping and Rx hopping with partial overlapping of DL PRS.

	InterDigital
	Alt. 1, Tx hopping can be designed for RedCap UEs

	Spreadtrum
	We prefer Alt1. If only DL PRS Rx hopping is supported, it will cause serious waste of resources.

	Nokia, NSB
	Alt 2. 

	Qualcomm
	We prefer Alt. 2, but we are OK to have both options debated to understanding the pros/cons of each method. Overall, we believe that Tx-Hopping is significantly less likely to be deployed since it assumes that there are separate PRs for eMBB and Redcap UEs which we think it is not the main usecase. In Rx hopping, at least gNB will keep transmitting the same PRS that is applied to eMBB UEs (maybe with a few more repetitions, but still significantly less easier to be implemented compared to having to specify a new PRS transmission feature). 

	Apple
	Alt 2 as baseline.

	ZTE
	We prefer Alt.2. At least we should focus on Rx hopping of DL-PRS first.

	NTT DOCOMO
	We prefer Alt. 2. We may not need to configure RedCap specific PRS resource.

	NEC
	Support Alt1. And we are fine to set a higher priority for Rx hopping.

	LGE
	We prefer Alt 2.

	IIT Kanpur, CEWiT
	We support Alt 1. We see the potential of configuring the Tx hopping as well. The DL PRS hopping should not be restricted to only Rx hopping.

	Huawei, HiSilicon
	Alt.2 to minimize the work load.

	Ericsson
	We prefer alt2 to have a higher priority. We also agree witth other companies that configuring redcap specific resources is not the main use case. 

	Bosch
	Support. We prefer Alt.1

	Sony
	Our preference is Alt.1 But we support both. Alt.1 operation has been used in LTE Cat-M1. In our view, gNB needs to allocate more PRS resources while the RedCap UE only use some parts of it in each Rx Hop.



Status after Round 1 
The majority of the feedback is that at least Rx hopping should be supported. For some companies, one concern is the lack of possibility for coexistence of tx hopping with legacy positioning UEs. we can discuss whether alt2 is acceptable during the first online session. 


conclusion (closed)
The following was captured during the online session. Based on this conclusion, we can close this discussion.

	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.



Configuration level of DL PRS frequency Hopping [HIGH]
Background
PRS hopping configuration was discussed in many contributions [3][8][10][14][16]. [10] discusses the reconfiguration of the parameters for frequency hopping to react to changes in e.g., channel quality. 

[3][8][21] discusses configuring hopping within a resource.  
- [3] shows example of Tx frequency hopping, where the resource includes multiple hops at different symbols within the resource.[21] notes that repetitions across slots can be used to implement Rx hopping without specification impact. 

[3][8][21] discuss configuring hopping using multiple resources. It is noted that within a PFL, resources should have the same bandwidth, making it more complex to use resources to do bandwidth hopping without changing the number of PFLs in a UE [3]. 
[3][8] discuss configuring hopping using resource(s) in multiple sets. All resources in the set use the same hop and thus the same bandwidth. This is consistent with the PRS resource usage in previous release, where resources in a set are meant to transmit from the same frequency layer but with different beams. 

[3][8] discuss configuring resources using resources in multiple PFLs, where each PFL corresponds to one hop. 

 [7][8][16] Discuss configuring resources using resource in multiple BWPs. In [18] it is commented that using BWP switching to enabled PRS hopping may not be efficient from the latency and complexity perspective. [18][21] discuss a virtual BWP with suspension of non-positioning UL signals while hopping. In [4] it is proposed to have the bandwidth between hop to be configurable up to the maximum size of the BWP, i.e., 20MHz for FR1. 


	Company
	Proposal

	[3]
	 Observation 1: For frequency hopping transmission in one PRS resource, the network needs to configure the frequency resource segment location corresponding to each PRS frequency hopping, or the protocol specifies the frequency resource segment location calculation method corresponding to each PRS frequency hopping.
Observation 2: The number of symbols occupied by a PRS resource in the time domain is significantly increased for frequency hopping transmission in one PRS resource.
Observation 3: In the PRS resource configuration framework of R16/R17, the frequency domain location of PRS resources corresponding to a positioning frequency layer is consistent.
Observation 4: For DL PRS hopping among multiple PRS resources, different PRS resources corresponds to different frequency domain resources.
Observation 5: For PRS hopping within one PRS resource set, the frequency domain location of PRS resources is configured per PRS resource. One PRS frequency hopping transmission pattern is limited to one PRS resource set.

Observation 6: For PRS hopping between PRS resource sets, the frequency domain location of PRS resources is configured per PRS resource set. A PRS frequency hopping transmission pattern needs to span multiple PRS resource sets.

Observation 7: For DL PRS hopping between multiple positioning frequency layers, LMF needs to configure a special positioning frequency layer for Redcap. The bandwidth of the special positioning frequency layer should not large than 20MHz.

Proposal 1: To realize DL PRS frequency hopping transmission for redcap positioning, the following three candidate PRS resource configuration schemes can be considered.
-	DL PRS hopping within one PRS resource
-	DL PRS hopping among multiple PRS resources
-	DL PRS hopping between multiple positioning frequency layers

	[4]
	Proposal 3:	On frequency hopping of RedCap UE positioning, reuse the bandwidth part restriction, i.e. up to 20MHz per DL/UL BWP at FR1.

	[8]
	Proposal 2: For RedCap UE, select one or more of the following candidate solutions of RS resource frequency hopping:
· Frequency hopping within one resource
· Frequency hopping within one resource set
· Frequency hopping between different CCs/BWPs/PFLs/resource sets

	[10]
	Proposal 5: Further study whether the frequency hopping pattern is fixed or reconfigurable.

	[11]
	Proposal 1
•	For DL PRS for RedCap UEs, detailed frequency hopping pattern for the reception of DL PRS across different BWPs is defined.  
•	gNB may choose between the option of transmitting a single common DL PRS that may be received by RedCap and non-RedCap UEs and the option of transmitting DL PRS for RedCap UEs separate from that for non-RedCap UEs.

	[14]
	Proposal 2: Study how hopping patterns (e.g., Tx and/or Rx hopping patterns) can be configured for UE for DL positioning methods

	[16]
	Proposal 1: both BWP-based or RB set based FH type to design FH pattern can be considered.

	[18]
	Observation 4: BWP switching delay is large considering the use case of PRS frequency hopping. 
Observation 5: Reusing BWP switching for enabling DL-PRS frequency hopping would couple 2 different features (BWP switching) to (PRS Frequency hopping) unnecessarily. 
Observation 6: Reusing BWP switching for enabling DL-PRS frequency hopping would enable to sample only up to 4 subbands (e.g. total of 80 MHz for a 20 MHz UE).  
Observation 7: Introducing a new, leaner BWP switching framework would be a non-efficient solution.

	[21]
	Proposal 4	Inter slot PRS frequency hopping can be implemented without RAN1 specification impact

Proposal 6	Frequency hopping across PRS resources can be FFS including
i.	How to link PRS resources in assistance data
ii.	Tx conditions for the linked resources





Round 1
The hopping mechanisms has dependencies on whether to support Tx Hopping. Among the proposals, the approaches are as follow:
· Hop within a PRS resource [3], for Rx hopping only [21]
· Hop across resources, within a resource set [8]
· Hop across PFLs [3,8]
· Hop across CCs [8]
· Hop across BWPs [7,8,16]

Once the basic hopping method is agreed, we can proceed with further detailed discussion on how to implement the overlap between hops, time gap, etc. in a first step, let’s identify the options and if possible, select one. 

Proposal 2.2-1: for positioning for RedCap UEs, the hopping of the DL PRS is configured: (downselect 1):
· Alt1: within a resource, in different symbols
· Alt2: within a resource set, with one resource per hop
· Alt3: between BWPs, with one BWP in each hop 
· Alt4: between PFLs, with one PFL per hop
· FFS: remaining details of the hopping configuration (hop bandwidth, overlap, gap between hops, etc.).

Comments can be entered in the table below: 
Proposal 2.2-1
	Company
	comment

	vivo
	This proposal depends on the conclusion of proposals in 3.1.2 (Rx hopping or Tx hopping) and 3.6.2 (MG-based or PPW-based hopping).
For example, if only PRS Rx hopping with MG (other than Tx hopping, or PPW-based hopping) is supported, the detailed Rx hopping pattern within a MG instance is more related to the RRM requirement of RedCap positioning defined by RAN4 other than the RAN1 configuration. For example, as long as the RAN4 RRM requirement under various conditions for RedCap positioning is met, there may be no restrictions or no specific Rx hopping configurations on the Rx hopping pattern of UE on RAN1 side.


	CATT
	We prefer Alt 3.

	InterDigital
	Support and we prefer Alt. 3.

	Spreadtrum
	We agree with vivo’s views. For DL PRS Tx hopping, we prefer Alt2.

	Nokia, NSB
	We propose the following option: 
FFS: One hop corresponds to either one BWP or one “fast RF switch” (if agreed by RAN4)

	Qualcomm
	It depends on the MG-based or MG-less discussion. Alt. 3 is only applicable to MG-less hopping. We are generally strongly against reusing the BWP switching mechanism, even if MG-less hopping is agreed for several reasons: First, there are only up to 4 BWPs so we will not be able to measure up to 100 MHz (if each hop is 20 Mhz). Second, BWP switching delays are very long; for hopping, much shorter retuning times can be achieved. Third, the BWP framework is a very heavy feature that is less likely to be supported by Redcap devices; making PRS hopping dependent on the much more heavy BWP switching will render PRS hopping unusable. 

Overall we prefer Alt. 1: A resource being repeated multiple times (which is already possible by specification), and a device retunes between the repetitions. This doesn’t mean that the retune is happening within a slot. E.g. a PRS resource is configured with a repetition of 4 in 4 consecutive slots, and a UE measures a different hop in each slot. 

	ZTE
	We are ok to postpone this discussion and focus on Proposal 31.2 and 3.6.2 as vivo mentioned.
For example, if only Rx hopping for DL-PRS is supported, the inter-slot frequency hopping can be achieved by DL-PRS resource repetition within a resource set.

	NTT DOCOMO
	We agree with vivo’s views that this proposal depends on the conclusion of proposals in 3.1.2 (Rx hopping or Tx hopping) and 3.6.2 (MG-based or PPW-based hopping).
Regarding Alt.3, we agree with Qualcomm’s views. BWP switching based PRS frequency hopping needs long switching time. 
We prefer Alt. 1/2 to Alt. 3. UE can measure PRS outside BWP using measurement gap in current specification, so we don’t think BWP level hopping is needed. 

	LGE
	We agree with vivo’s view. 

	Huawei, HiSilicon
	With Only Rx hopping, we think that all the issue can be discussed in RAN4 RRM.

	Sony
	Our preferences are Alt.1 and Alt.2.



Status after Round 1 
Based on the received comments, we should wait with this issue until the status of Tx hopping and Rx hopping is clearer.  We will start another round after the first online session, once we have discussed which of Tx or Tx +  Rx hopping is supported,

Round 2 (Paused)
Further progress is needed regarding measurement gaps, and perhaps also on switching time.  We can thus pause the discussion on this topic until further progress is made in the related issues.  

 
Overlap between hops and number of hops [HIGH]
Background
Several contributions mention the need to implement a frequency overlap between hops [5][8][18][19][22].  In [5] it is observed that an overlap is required to compensate for the phase errors induced by RF retuning at the UE.  
The hopping pattern is discussed in [5], where evaluations show that a hopping pattern that is sequential (not staggered) between hops, i.e., where each hop partially overlaps the preceding hop, is preferred in terms of performance.  [5] also evaluated different RE patterns across hops and proposes to use the same RE pattern across hops, based on the performance. In [22], it is mentioned that the new hopping pattern should consider time and phase offsets between hops.

In [5], the overlap size was evaluated, and it was proposed to consider overlap smaller than 8PRBs. [8] suggests considering also 1 PRB. [14] discuss the need to study the link between overlap and time gap. 

In [8], it is proposed for the number of hops to be configured by the network, with a UE capability to report the maximum number of hops. In [6][10] it is proposed to make the overlap in frequency a configuration parameter. 
In [10], capabilities regarding the number of hops is discussed in relation to expected accuracy. 


	Company
	Proposal

	[5]
	Observation 1: In InF-SH scenario, the accuracy requirement for IIoT use cases can be met if the random phase error is set to be equal or smaller than 0.15pi, otherwise the accuracy requirement cannot be met.

Observation 2: InF-SH scenario, with a phase error larger than 0.15pi, the accuracy requirement for IIoT use cases can be met with compensation of phase error based on the measurements on overlapping bandwidth between hops.  

Proposal 1:	For RedCap frequency hopping, bandwidth overlapping between hops can be supported for phase error mitigating.

Observation 3:In InF-SH scenario, the accuracy requirement for IIoT use cases can be met if the timing error is set to be equal or smaller than 3ns, otherwise, the accuracy requirement cannot be met.

Observation 9:	The diagonal hopping pattern has better phase error compensation performance than the staggered pattern. 
•	With 1 slot time gap between adjacent hops, the diagonal hopping pattern has a slight advantage over the staggered hopping pattern; and as the time gap increases, this advantage will become larger.
Proposal 5:	Regarding frequency hopping pattern for RedCap positioning, the diagonal hopping pattern is supported.

Observation 10:	In InF-SH scenario, with a small overlapping bandwidth of 1 PRB or 4 PRBs, the performance of frequency hopping is sufficient to meet the requirement of RedCap positioning.
•	Under the assumption of same RS overhead, as the overlapping bandwidth increases, the accuracy will increase within a certain range (e.g., 8 PRBs) because of the increased performance of phase error compensation; but beyond this range (e.g., 8 PRBs), the accuracy will decrease due to the decrease in the bandwidth span of frequency hopping.
Proposal 6:	For the sizes of overlapping bandwidth for different hops, the balance between phase error compensation performance and bandwidth span of frequency hopping should be considered.
-	A size smaller than 8 PRBs can be considered

Observation 11:	For channel stitching of the symbols from different hops, the case with the same comb size and RE offset can provide better accuracy than that with the same comb size and different RE offsets.
Proposal 7:	For channel stitching of the symbols from different hops, the same comb size and RE offset should be supported.

	[6]
	Proposal 6: DL frequency hopping for RedCap UEs positioning can reuse the same pattern and allocation information as UL frequency hopping for RedCap UEs positioning.

FL note: the following parameters was proposed in [6] for UL:
· In time domain:
· The start time of the frequency hopping pattern 
· The end time of the frequency hopping pattern
· Time gap between two consecutive hops (in unit of slot or OFDM symbol)
· Number of configured SRS-Pos resources in the frequency hopping pattern(E.g., reuse R16:maxNrofSRS-Resources = 64 per BWP )
· In frequency domain:
· Partial overlapping size (granularity: PRB or RE)
· Starting PRB index per frequency hopping
· The number of frequency hopping N, N={1,2,…,N_max}
· FFS: N_max

	[7]
	Proposal 1: RAN1 should discuss how to perform phase alignment between frequency chunks in PRS frequency hopping/stitching including the impacts of a poor channel on the overlapping RB/REs.

	[8]
	Proposal 1: With regards to frequency hopping for positioning for RedCap UE, the number of hops should be configured by the network:
-UE may report its capability on the maximum number of supported frequency hops to network
Observation 2: Regarding the performance impact of overlapped size for positioning of Redcap UEs for InF-SH scenario:
· In FR1, the horizontal positioning requirement can be achieved using 1 overlapped PRB between adjacent hops.
Proposal 4: For RedCap UE positioning RS, introduce partial overlapping in frequency for adjacent hops.
· The number of overlapping frequency resources in adjacent hops (e.g. 1 PRB) can be predefined in the specification or configured by network.

	[9]
	Proposal 1: For NR RedCap UEs, frequency hopping pattern configuration should include number of frequency hopping sub-bands, and resource allocation in time domain and frequency domain for each frequency hopping sub-band.

Proposal 2: For frequency hopping of PRS, support configuration of overlapped bandwidth between two hops to address the influence caused by phase offset between hops.

Proposal 3: For frequency hopping of PRS, support presence of overlapped bandwidth between two hops associates with the level of phase offset between hops.
Proposal 4: To refine the overlapped bandwidth configuration among kinds of RedCap UEs, support RedCap UE reports the related parameters as a capability, such as level of phase offset between hops.
 Proposal 4: For frequency hopping of PRS, support size of overlapped bandwidth between two hops is decided by channel quality.

	[10]
	Observation 1: Bandwidth stitching requires RedCap UE to measure PRSs on multiple frequency bands. This can be achieved by frequency hopping.

Observation 2: Frequency hopping between two carriers would introduce a random phase offset (PO) due to the nature of PLL. The frequency offset may degrade the performance gain from bandwidth stitching.

Observation 3: Phase offset can be calibrated if two adjacent frequency bands have overlapping region.

Proposal 2: Support frequency hopping with partial overlap with two adjacent frequency bands to compensate the performance loss due to the phase offset.  

Proposal 3: Introduce two parameters, Tgap (the time gap between two adjacent hops) and F_ovl (the overlap resources in frequency domain), to facilitate bandwidth stitching in the frequency hopping operation.
Proposal 4: These parameters (T_gap and F_ovl) can be configured for each measurement occasion or semi-consistent for multiple occasions.
Proposal 6: Support the UE capability parameter to reflect the supported frequency hopping operation for NR RedCap UE. (i.e, by considering the RedCap UE constraints / limitations).

	[14]
	Proposal 1: Study dependency between the amount of overlapped bandwidth and gap between two consecutive frequency hops

	[15]
	Proposal 7: Specify the capability on the amount of Rx hops to combine, storing the number of time domain DL-PRS samples across different hops for coherent Rx combining to achieve wideband DL-PRS measurement for RedCap devices.    

	[18]
	Proposal 1: Support DL-PRS frequency hopping and SRS for Positioning frequency with overlapping tones.
•	A UE cannot perform coherent DL-PRS processing or SRS transmissions without overlapped hopping.
•	FFS: Details

	[19]
	Proposal 3: 
•	RAN1 should consider frequency hopping with partial overlap resources.
Proposal 4: 
•	4 PRBs overlap may be a reasonable starting point from the specification impact perspective.
	If the overlap size needs to be larger than 4 PRBs, it should be multiple of 4 PRBs.

	[22]
	Observation 1: UE speed, phase offset and time offset limit the gains of the frequency hopping operations. Proposal 1: The effects of the time and phase offset and the UE speed should be considered while designing the hopping patterns for the RedCap UE. 
Observation 2: The effects of the phase offset between the frequency hops should be mitigated to get the gains of the frequency hopping operation.
Proposal 1: The effects of the time and phase offset and the UE speed should be considered while designing the hopping patterns for the RedCap UE. Proposal 2: For Redcap positioning, bandwidth overlap between the frequency hops should be supported.  
Proposal 4: For RedCap positioning, new PRS/SRS hopping pattern should be designed to support RedCap frequency hopping.



Round 1
The number of hops and the overlap between hops are both related to the processing capability of the UE, and therefore, several companies proposed to establish UE capabilities for both. Whether to create parameters for these depends on the way the hopping is configured. For example, overlap as a parameter is not needed if separate resources are used to configure each hop. Similarly, the number of hops may not be needed as a parameter. Therefore, we should wait for a decision on the discussed proposals in section 3.2 before deciding on what parameters to create.   

Proposal 2.3a-1: for positioning for RedCap UEs, the overlap between hop for DL PRS frequency hopping is a UE capability
· FFS: granularity of the capability 

Proposal 2.3b-1: for positioning for RedCap UEs, the number of hops for DL PRS frequency hopping is a UE capability
· FFS: granularity of the capability

Comments can be entered in the tables below: 
Proposal 2.3a-1
	Company
	comment

	vivo
	Whether to create parameters for overlap bandwidth depends on the proposal discussed in section 3.2. If this parameter does not exist, we are not sure we need to discuss the relevant UE capabilities. So, we can wait for the conclusion in section 3.2.

	CATT
	We prefer the number of overlapping frequency resources(e.g., 1PRB, 2PRB or 4 PRB) should be a UE capability.
So we prefer the following updated proposal:

Updated Proposal 2.3a-1: for positioning for RedCap UEs, the number of overlapping frequency resources in adjacent hops the overlap between hop for DL PRS frequency hopping is a UE capability
· FFS: granularity of the capability 


	InterDigital
	Support

	Spreadtrum
	We agree with vivo’s views.

	Nokia, NSB
	Do we mean that the value of the overlap is a UE capability? If yes, then this is too early for this discussion. We should first agree that an overlap between the hops will be specified.

	Qualcomm
	If PRS hopping is Rx-hopping, there may not be a need to have a separate capability for the amount of overlap hopping, but rather a generic capability that of how much PRS is measured over how many hops (e.g. a device with 5 hops and 20 Mhz per hop, may be measuring 80 Mhz total if it needs an overlap of 5 mHz).

	Apple
	We are fine with CATT’s update.

	ZTE
	Generally the number of overlapping PRBs with two adjacent hops is up to network’s configuration. The larger the bandwidth for each hop, the more overlapping PRBs are needed between hops.

	NTT DOCOMO
	We support CATT’s updated proposal.

	NEC
	Support. 

	LGE
	If only Rx-hopping is supported for PRS FH, UE capability for overlap (including the overlap size) would not be required. So we prefer to discuss this issue after we have clearly discussed the proposal 2.1-1

	IIT Kanpur, CEWiT
	We are okay with CATT’s updated wording.

	Huawei, HiSilicon
	It is too early to discuss this.

	Ericsson
	We think a UE capability for the overlap is necessary. The UE will need a certain amount of overlap to guarantee a reliable measurement across hops. Thus we support introducing a capability reporting from the UE side.  In RAN4, the capability can then be used to established the “effective bandwidth” obtained after stiching multiple hop and derive the requirement on accuracy. 



 
Proposal 2.3b-1
	Company
	comment

	vivo
	Same view as proposal 2.3a-1.

	CATT
	OK with the proposal.

	InterDigital
	We should clarify whether the number of hops, or the duration of a sequence of hops is a UE capability issue.

	Spreadtrum
	We agree with vivo’s views.

	Nokia, NSB
	Too early for this level of discussion on capabilities in our view. 

	Qualcomm
	This will be needed independent of the other discussions, so we support it. 

	Apple
	For Prop 2.3b-1, this should depend on the BW of the UE, the overall positioning BW required and the amount of overlap.

	ZTE
	We support this proposal. UE may report its supported number of hops including the supported maximum number and the network can deliver the corresponding configuration to UE. 

	NTT DOCOMO 
	Support

	NEC
	We are fine to the main bullet, and wondering about the meaning of granularity for number of hops.

	LGE
	We think it is too early to make decision of the UE capability and further discussion seems to be required.

	IIT Kanpur, CEWiT
	We support it.

	Huawei, HiSilicon
	It is too early to discuss this.

	Ericsson
	Support, this is needed for UE processing.

	SONY
	Support the proposal.



Status after Round 1 
Several companies mentioned that both overlap and number of hops discussion can wait until Tx/Rx hopping are settled and the hopping mechanism is discussed.  


Round 2 (Paused)
 Since there is a dependency on the way to configure Rx hopping, we can delay this discussion until we have a better understanding on how the UE is configured with hopping. 

 

 
Switching time between hops [HIGH]
Background
Several companies proposed to send an LS to RAN4 to establish requirements for switching time between PRS hops [2][7][11][21]. Specifying the time gap is proposed in [15].
In [4][7] it is proposed to discuss solutions to reduce the overall delay between hops due to BWP switching. In [5] the relation between timing gap and speed is noted, and it is mentioned that slot-based frequency hopping may be able to handle UEs with relatively high speed (60kph), and in [22] the need to account for switching time to design the hopping pattern is mentioned. Introducing a parameter for the switching gap between hops is proposed in [8][10][16]. Short switching time of lower than 180usec are discussed in [19].[20] discusses the capability signaling of the switching time. in [21] it is proposed to request RAN4 to specify switching time and requirements for measurements with inter-slot hopping repetitions. 

The proposals regarding switching time are as follow: 

	Company
	Proposal

	[2]
	Proposal 2: Send LS to RAN4 to inquire the RRM requirements for PRS Rx hopping assuming the PRS configuration is beyond RedCap bandwidth.


	[4]
	Proposal 4:	For RedCap UEs positioning, study and specify, if necessary, the DL/UL frequency hopping mechanisms to reduce overall time delay introduced by DL/UL BWP switch delay.

	[5]
	Observation 4: In InF-SH scenario, at the speed of 3km/h, even with larger timing gaps, the accuracy requirement for IIoT use cases can be met, and the maximum tolerable timing gap between hops can be larger than 15 slots.
Observation 5: With the increase of UE speed, the maximum tolerable timing gap between hops will decrease.
-	In InF-SH scenario, at the speed of 30km/h, the maximum tolerable timing gap between hops is about 8 slots.
-	In InF-SH scenario, at the speed of 60km/h, the maximum tolerable timing gap between hops is about 2 slots.
•	Even at larger UE speeds (e.g.,60km/h), slot-level frequency hopping can provide sufficient accuracy to meet the requirement for IIoT use cases.
Proposal 2:	Send an LS to RAN4 to consider the maximum tolerable phase error, timing error, timing gap between hops, when designing the RRM requirement of frequency hopping.

Observation 6:	
•	Fast RF retuning is not supported for current RedCap UE communication function.
•	Fast RF retuning is not supported based on current RAN4 specification.

Proposal 3:	For RedCap frequency hopping, slot-level frequency hopping should be supported rather than symbol-level frequency hopping.

	[7]
	Observation 2: The currently specified BWP switching times may not be acceptable for RedCap FH for positioning.
Observation 3: Some of the component delays which make up the values in the above table from TS 38.133 may not apply to RedCap FH for positioning.  
Proposal 5: RAN1 should discuss shorter switching times for RedCap FH for positioning and involve RAN4 if/when necessary. 
Proposal 6: RAN1 should discuss the way to reduce the time gap and unnecessary signalling overhead of RedCap FH for positioning (e.g., support a single DCI triggering all the switching). 

	[8]
	Proposal 3: For RedCap UE positioning, support introducing switching gap between adjacent frequency hops.
· Switching gap is (pre-)configured by network depending on UE capability.

	[10]
	Proposal 3: Introduce two parameters, Tgap (the time gap between two adjacent hops) and F_ovl (the overlap resources in frequency domain), to facilitate bandwidth stitching in the frequency hopping operation.
Proposal 4: These parameters (T_gap and F_ovl) can be configured for each measurement occasion or semi-consistent for multiple occasions.

	[11]
	Proposal 3
•	Send an LS to RAN4 soliciting feedback on feasibility of simplified BWP and frequency hopping methods for reception of DL PRS and transmission of UL SRS for positioning or using much shorter RF retuning gaps than Rel-15 BWP switching times, considering at least the following assumptions:
o	BWP or frequency hopping may be limited to DL PRS reception or UL-SRS transmissions only (i.e., no Rx/Tx of other channels/signals), 
o	the hopping patterns may be known a priori based on higher layer configuration,
o	same numerology across the BWPs/frequency regions,
o	limited to DL PRS reception or SRS for positioning transmission without any data communications in DL/UL in the different frequency hops.

	[15]
	Proposal 8: Specify the timing offset resulting from the reception of different positioning hops.

	[16]
	Proposal 2: a time gap configuration should be considered between hops, FFS the candidate value and applicable condition.


	[19]
	Proposal 2: 
	Up to 0.5 ms can be considered as the time gap between two consecutive hops for the DL positioning with frequency hopping.
	From the symmetry perspective, RAN1 may need to discuss the feasibility of the time gap between two consecutive hops which is equal to or shorter than 180 us for DL positioning with frequency hopping.
	Final decision of the gap values may be up to RAN4.

	[20]
	Proposal 2-4: The RF retuning capability may also be indicated during capability transfer through LPP so that the time gap between hopping could be determined

	[21]
	Proposal 1	Send an LS to RAN4 asking for the feasibility of <1 OFDM symbol retuning time for the purpose of PRS frequency hopping.
Proposal 5	Send an LS to RAN4 informing that from the RAN1 perspective, inter slot PRS hopping is feasible and asking to define the requirement(s) for redcap UEs using PRS repetition for frequency hopping.

Observation 8	Frequency hopping configuration may be different for paired spectrum and unpaired spectrum.

Observation 9	An additional time gap may be needed for RedCap to re-sync to cell timing between the frequency hops.

	[22]
	Proposal 3: The carrier frequency switching time should be considered while designing the frequency hops for RedCap UEs



Round 1
We can start the discussion on the capability for switching time between hops, and the required LS to RAN4. Regarding the configuration of the time gap, we can wait for progress on the hopping mechanisms in 3.2. 

Proposal 2.4-1: for positioning for RedCap UEs, switching time (time gap) between each hop for DL PRS frequency hopping is a UE capability
· FFS: granularity of the capability
· Send an LS to RAN4 regarding the possible values for the retuning time between hops

Comments can be entered in the table below: 
Proposal 2.4-1:
	Company
	comment

	vivo
	Switch time is a RAN4 issue, and RAN4 can also define the related capability. We prefer RAN4 to decide on the related issue or not to discuss this issue in RAN1 before getting enough input from RAN4.

Proposal 2.4-1: for positioning for RedCap UEs, switching time (time gap) between each hop for DL PRS frequency hopping is up to RAN4
· FFS: granularity of the capability
· Send an LS to RAN4 regarding the possible values for the retuning time between hops 

	CATT
	Support.

	InterDigital
	Support

	Nokia, NSB
	We are okay in principle with this, but we should rephrase and clarify to RAN4 why we think that faster switching is important and possible in the case of FH for positioning.

	Qualcomm
	We support this and OK with the changes from vivo, assuming it is clear that we agree that such capability will be introduced. We did 

	Apple
	Fine with proposal

	ZTE
	Support

	NTT DOCOMO
	Support

	NEC
	Support.

	LGE	
	We are okay with the changes from vivo. We can discuss this issue after RAN4 work.

	IIT Kanpur, CEWiT
	Support.

	Huawei, HiSilicon
	Should be RAN4 issue.

	SONY
	This is within RAN4 competence.



  Status after Round 1 
Majority of comments is ok with asking ran4 to discuss switching time for PRS hopping. We propose to discuss the revised proposal from vivo online. The revised proposal is as follow:
Proposal 2.4-2: for positioning for RedCap UEs, switching time (time gap) between each hop for DL PRS frequency hopping is up to RAN4
· FFS: granularity of the capability
Send an LS to RAN4 regarding the possible values for the retuning time between hops


Round 2  
After the online discussion on tueday, the proposal on the screen was as follow:

	Proposal
From the RAN1 perspective, switching time between adjacent hops shorter than BWP switching time is beneficial.
· For positioning for RedCap UEs, switching time (time gap) value(s) between each adjacent hops for DL PRS frequency hopping is up to RAN4
· FFS: granularity of the capability
· For positioning for RedCap UEs, switching time (time gap) value(s) between adjacent each hops for UL SRS for positioning frequency hopping is up to RAN4
1. FFS: granularity of the capability
Send an LS to RAN4 regarding the possible values for the switching retuning time between hops




We should continue working on this proposal during the next available offline discussion. One way to be more specific in the proposal (and therefore to the LS to RAN4) is to include candidates for switching time, e.g. corresponding to less than a slot, or less than a symbol and ask what would be feasible from RAN4 perspective. 

The Tuesday offline discussion resulted in  proposal 2.4-3. Companies are encouraged to comment on the latest proposal in order to advance the discussion ahead of the next online session:

Proposal 2.4-3
For Positioning enhancements for redcap Ues, From the RAN1 perspective, shorter switching time to allow RF retuning between adjacent hops  may bemay be  beneficial in terms of accuracy and latency performance, assuming that at least 
numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.For positioning for RedCap UEs, switching time (time gap) between each hop for DL PRS frequency hopping is up to RAN4
FFS: granularity of the capability
For positioning for RedCap UEs, switching time (time gap) between each hop for UL SRS for positioning frequency hopping is up to RAN4
2. FFS: granularity of the capability
Send an LS to RAN4 requesting feedback on the feasibility of having shorter time gaps between hops for UL SRS Tx and DL PRS Rx frequency hopping, andregarding the possible values for the switching retuning time between hops.


Comments can be entered in the table below: 
Proposal 2.4-3:
	Company
	comment

	 CATT
	Support in principle.
Minor update on the last paragraph of the proposal as follows:
-----------------------------
Send an LS to RAN4 requesting feedback on the feasibility of having shorter switching time gaps between hops for UL SRS Tx and DL PRS Rx frequency hopping, and the possible values for the switching time between hops.
-----------------------------


	OPPO
	Support in priciple. 
On numerology, bandwidth and Tx/Rx antennas for each hop, surely they can be the same (up to NW configuration). We think what matters in this proposal is whether they should be the same for each hop. If that’s the case, we suggest to change (can be) into (should be). 




Use of partial staggering / number of symbols restrictions [LOW]
Background
In [15] it is propose to restrict the number of PRS symbols to the longer values of number of symbols.[21] proposes to allow for shorter DL PRS resources with partial staggering PRS patterns


	Company
	Proposal

	[15]
	  Proposal 6: Support only longer PRS symbol lengths for RedCap devices {6,12} and FFS support PRS symbol lengths of {2, 4}.


	[21]
	Proposal 2	Support partially staggered PRS patterns
Proposal 3	Support sub-slot (symbol) level repetitions



Round 1
There is currently no restriction or capability signaling for the UE supports of different comb sizes and number of symbols.  We can discuss the proposal for introducing such restriction and the possibility to introduce partial staggering in separate proposal in this document. However, for online discussion we can treat these as lower priorities. 

Proposal 2.5a-1: for RedCap UEs, support a UE capability restricting the number of symbols of DL PRS to at least {6,12}
	-FFS: additional symbol lengths

 
Proposal 2.5b-1: Support partial staggering for DL PRS, where the number of DL PRS symbol in a resource is less than the comb size for the resource. 
· Partial staggering is a UE capability
· FFS: the number of symbols / comb size combinations.


Comments can be entered in the tables below: 
Proposal 2.5a-1:
	Company
	comment

	CATT
	Low priority.

	ZTE
	Is there any strong technical reasons to preclude number of symbol 2 and 4? In our understanding, there is no need to have such restriction.



  Proposal 2.5b-1:
	Company
	comment

	CATT
	Low priority.

	ZTE
	Support. 



  Status after Round 1 
We can wait for further comments on the issue, and discuss it offline if time allows. 


MG based and gapless measurements for DL PRS with frequency hopping [HIGH]
Background
In [5][17] extended UE capabilities for coherent processing are mentioned. It is proposed to request information from RAN4 regarding the error calibration capability (maximum tolerable error for timing or phase), as well as regarding the increase in complexity for the processing of frequency hopping. [12] also mentions that the definition of UE measurements accuracy requirements for frequency hopping is up to RAN4. 

Measurement gaps based PRS hopping is discussed in [5][8][9]. In some contributions it is also proposed to request RAN4 to investigate whether one MG could be set for each hop or a single MG across the hopping sequence should be used. In [18], it is proposed to consider the number of retuning and hops covered by a single measurement gap.

Gapless measurements are discussed in [5] [7][8][14][17]. In [5] it is mentioned that gapless measurements would require using BWP switching, for which the switching delay to support data reception are too large to be feasible in a positioning framework. In [7][9], gapless measurements are proposed, and the need to discuss priority of the hopping signals (SRS and PRS) is mentioned. In [9][17] it is proposed to study the use of measurement gaps and muting mechanisms for DL PRS hopping. [11] discuss the priority of DL PRS with hopping. In [18], gapless measurements are discussed and it is proposed to study further whether and how MG-less PRS hopping could be configured. DL PRS collision rules for HD FDD are discussed in [6].



	Company
	Proposal

	[5]
	Observation 7:	Frequency hopping requires RedCap UE to have greater capabilities, such as
-	Capabilities of coherent processing multiple hops for DL frequency hopping
-	Capabilities of error calibration to ensure errors with an acceptable range
•	Compared with DL frequency hopping, UL frequency hopping is more RedCap device friendly, since it doesn’t require UE to have coherent processing capability.

Observation 8:	Frequency hopping requires UE to frequently perform RF retuning in a short period of time, which is not friendly to low complexity and power consumption requirement for RedCap UE.
Proposal 4:	Send an LS to RAN4 to confirm whether the actual RedCap UEs can have the error (e.g., Rx/Tx timing error, phase error) calibration capability within a certain range and processing capability required by frequency hopping, and whether the actual RedCap UEs can support the increased complexity brought by frequency hopping.

Proposal 9:	For MG-based Rx frequency hopping, send an LS to RAN4 to determine one of the following methods and study detailed MG design
-	One MG instance for multiple hops
-	One MG instance for one hop
Proposal 10: For MG-based Rx frequency hopping within a wideband PRS, detailed Rx hopping pattern depends on RAN4 RRM requirement, which can be up to UE implementation.

Proposal 11:	
•	For PRS Rx frequency hopping, PPW-based method is not supported.

	[6]
	Proposal 7: For RedCap UEs positioning in HD-FDD, collision handling rules for DL PRS and other UL signals/channels within PPW should be defined.

	[7]
	Proposal 3: RAN1 should specify solutions to effectively support DL PRS frequency hopping within PPW configurations across multiple DL BWPs.

	[8]
	Proposal 5: With regards to processing DL-PRS frequency hopping within MG/PPW:
Support UE to measure and process DL-PRS resources of multiple frequency hops during a configured measurement gap
For PPW based DL-PRS frequency hopping, support associate one (or more) hop(s) with a PPW configuration.

	[9]
	Proposal 5: Support study the influence of measurement period, measurement gap configuration on pattern of frequency hopping for PRS.
Proposal 6: For NR RedCap UEs, if frequency hopping is enable, study the muting mechanism for frequency hopping sub-bands.
Proposal 5: For NR RedCap UEs, study how to reuse the PRS configuration scheme of normal UEs.

	[12]
	Proposal 2: It is up to RAN4 to define requirements on UE measurements from a narrow-band part of a wide-band PRS.

	[14]
	Proposal 7: Support both measurement gap and PRS processing window to receive PRS hops and/or perform Rx hopping

	[15]
	Proposal 4: Phase offset compensation should be left to UE implementation

	[17]
	Proposal 2: Updates are needed to the specification for PRS/SRS bandwidth hopping support and include the frequency domain pattern and configuration, time domain repetition, measurement gap duration, muting pattern configurations and the measurement gap/PRS processing window (PPW).
Proposal 3: RAN1 should update the existing sets of values for the UE DL PRS processing capability as the maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4.

	
	Proposal 4: With regards to DL-PRS frequency hopping, support a MG-based DL-PRS frequency hopping approach in which the UE is expected to perform up to N Rx Retunings during a single MG instance in order to measure multiple frequency parts of a single PRS resource, with N = [4]. 
•	The above can be applicable to both Tx and Rx DL-PRS frequency hopping, depending on whether Tx or Rx hopping is supported. 
•	FFS: Details

	[18]
	Proposal 5: Study further, whether, and how, frequency hopping for MG-less PRS processing should be specified.

	[20]
	Proposal 2-5: The RedCap UEs perform the measurement within gaps in RRC connected state



Round 1
We can start the discussion with proposals on gap-based and gap-less measurements for DL PRS with FH. The proposal includes also revisiting the UE processing for DL PRS, to account for frequency hopping.  We should also discuss whether to support PPW based measurements, and if so, how to support HD-FDD UEs. 

Regarding the use of multiple gaps in a single DL PRS with hopping, from the FL perspective it is not clear how this would be needed. The retuning time between PRS hops is in itself a gap, as no reception is possible. Therefore, if MGs are used the complete hopping sequence should correspond to a measurement gap. 

Proposal 2.6a-1: For RedCap UEs, support measurements on DL PRS with frequency hopping using measurement gaps
· For a given DL PRS with hopping, a single measurement gap is configured to overlap with at least 1 DL PRS hopping sequence
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and MGs
·  Send an LS to RAN4 to inform on the use of MGs for DL PRS with FH

Proposal 2.6b-1: Proposal: for RedCap UEs, support measurements on DL PRS with frequency hopping using PPW (gapless measurements)
· FFS: support of PPW for HD-FDD UEs. 
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and PPW
·  Send an LS to RAN4 to inform on the use of MGs for DL PRS with FH


Comments can be entered in the table below: 
Proposal 2.6a-1:
	Company
	comment

	vivo
	OK

	CATT
	OK with the proposal.

	Spreadtrum
	Support.

	Nokia, NSB
	Support the main bullet. Suggest to remove the first sub-bullet for now. 

	Qualcomm
	Generally supportive, but it is a bit unclear what the “1 DL PRS hopping sequence” refers to. 

	Apple
	Support

	ZTE
	Support. 

	NTT DOCOMO 
	Support

	NEC
	Support.

	LGE
	Support the main bullet, but we have unclear understanding of the first sub-bullet. So it seems that the first sub-bullet is needed to be clarified. We also fine with Nokia’s suggestion; remove the first sub-bullet.

	IIT Kanpur, CEWiT
	Support.

	SONY
	Support



Proposal 2.6b-1:
	Company
	comment

	vivo
	PPW-based hopping should be low priority. For PRS Rx frequency hopping, it is sufficient to only apply MG-based method, no need to extend to PPW-based method. In Rel-17, if the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP, PPW can be applied for lower latency. But when Rx frequency hopping is needed, the DL PRS is always outside the active BWP, compared to MG, the application of PPW is not efficient and has no additional benefit.


	CATT
	For HD-FDD UEs, the issue is that collision handling rules for DL PRS and other UL signals/channels within PPW should be defined.
In the last bullet, we think the MGs should be PPW.
Therefore, we prefer the following updated proposal:

Updated Proposal 2.6b-1: Proposal: for RedCap UEs, support measurements on DL PRS with frequency hopping using PPW (gapless measurements)
· FFS: How to define collision handling rules for DL PRS and other UL signals/channels within support of PPW for HD-FDD UEs. 
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and PPW
·  Send an LS to RAN4 to inform on the use of PPWMGs for DL PRS with FH


	Nokia, NSB
	Support. Should be agreed at the same time as the prior proposal.  

	Qualcomm
	Prefer to discuss first whether PPW-Hopping needs to be supported or not

	Apple
	Support

	ZTE
	If only Rx hopping is supported, the  RedCap UE behavior regarding PPW can be slightly different from normal UE. PPW is configure under BWP and legacy UE behavior is: only if the DL PRS is inside the active DL BWP, UE is expected to measure the DL-PRS within PPW. For RedCap UE, maybe the behavior should be changed to: UE is expected to measure part of DL-PRS within PPW where that part of DL-PRS is  inside the active DL BWP, other part of DL-PRS which is outside the outside BWP shall not be measured.

	NTT DOCOMO
	Low priority

	LGE
	We don’t think it is necessary to discuss DL PRS with FH without MG.

	Sony
	Low priority




  Status after Round 1 
MG based measurement has majority support, while PPW/gapless measurement is more controversial. We propose to continue the discussion for PPW based measurement and bring the proposal Proposal 2.6a-1 up for discussion online. The first bullet is removed based on the received feedback from Nokia, Qualcomm and LGE:
 
Proposal 2.6a-2: For RedCap UEs, support measurements on DL PRS with frequency hopping using measurement gaps
· For a given DL PRS with hopping, a single measurement gap is configured to overlap with at least 1 DL PRS hopping sequence
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and MGs
·  Send an LS to RAN4 to inform on the use of MGs for DL PRS with FH
Round 2	Comment by Florent Munier: Discuss at the offline

During the discussion online, it was mentioned that MG based and PPW based measurement should be discussed together. Based on the received comments during the online session, the line on the LS to RAN4 is removed, and a common proposal is put forward: 
 
Proposal 2.6a-3: For positioning enhancements for  RedCap UEs, 
· Measurements on DL PRS with Rx hopping  using measurement gap(s) are supported
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and MG(s) 
· Measurements using PPW (gapless measurements)
· FFS: support of PPW for HD-FDD UEs. 
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and PPW 

Comments can be entered in the table below: 
Proposal 2.6a-3
	Company
	comment

	CATT
	For HD-FDD UEs, the issue is that collision handling rules for DL PRS and other UL signals/channels within PPW should be defined.
Therefore, we prefer the following updated proposal:

Updated Proposal 2.6a-3: For positioning enhancements for  RedCap UEs, 
· Measurements on DL PRS with Rx hopping  using measurement gap(s) are supported
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and MGs 
· Measurements using PPW (gapless measurements)
· FFS: How to define collision handling rules for DL PRS and other UL signals/channels within support of PPW for HD-FDD UEs. 
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and PPW 


	OPPO
	We are fine with the measurement gap for PRS. 
As for PPW-based measurement, we are open for more discussion. 



On demand DL PRS with hopping [LOW]
Background
 In [20], the support of on-demand PRS is proposed.    

	Company
	Proposal

	[20]
	Proposal 2-2: The hopped DL-PRS maybe in on-demand manner



Round 1
Since only 1 company has raised each of the issues above, let’s first collect some comments on the proposals to see the level of support. 

Comments can be entered in the table below: 

	Company
	comment

	InterDigital
	We should clarify which parameters in frequency hopping can be requested by the UE.

	Qualcomm
	We can wait to see how the DL-PRS hopping feature progresses and see later on whether any new on-demand field is needed to be added, in either UE-inititated or LMF-initiated. Generally we are supportive to update on-demand PRS feature when new features are added.

Can we have a generic “study proposal” for this meeting? E.g., Study whether/what enhancements may be needed for UE-initiated and LMF-initiated on-demand PRS feature for the purpose of PRS Frequency hopping. 



  Status after Round 1 
Since only few companies have commented, we can wait for further discussion on this proposal. 

SCS restrictions for DL PRS with FH [LOW]
Background
In [2] it is proposed to discuss the use of small SCS to increase the positioning performance of UE with low speed.

	Company
	Proposal

	[2]
	Proposal 6: Consider using small SCS to increase the positioning performance for RedCap UEs with low speed at least.



Round 1
Since only 1 company has raised each of the issues above, let’s first collect some comments on the proposals to see the level of support. 

Comments can be entered in the table below: 

	Company
	comment

	
	



  Status after Round 1 
Since no feedback has been received yet, let’s wait on this proposal. 
Carrier phase positioning [LOW]
Background
In [22] it is proposed to discuss support carrier phase positioning for redcap UEs.  [9] also mentions CPP for redcap UEs but proposes to discuss it in the CPP agenda item. 

	Company
	Proposal

	[22]
	Proposal 5: For RedCap positioning, carrier phase-based positioning should be supported.



Round 1
CPP for redcap UEs was discussed during the study item phase, but no conclusions were captured and CPP is not specifically included in the scope. From the FL perspective, it is preferable not to expand the scope of the agenda item further. 

Comments can be entered in the table below: 

	Company
	comment

	IIT Kanpur,
CEWiT
	Considering the complexity of the frequency hopping mechanism and the time taken to perform the measurement itself, CPP should be considered for the RedCap UEs. To minimize the standardization efforts, the Rel-18 CPP could be directly extended to the RedCap framework. 




  Status after Round 1 
Since only one company have commented, we can wait for further discussion on this proposal. 

UL-SRS Frequency Hopping
SRS Hopping configuration [HIGH]
Background
The hopping mechanism for UL SRS for positioning is discussed in [2][3][5][6][8][11][12]. Several contributions highlight that the SRS for positioning for RRC_CONNECTED UEs is configured within a BWP, and therefore, based on the redcap UE 20MHz limitation for the active BWP, a mechanism to extend the bandwidth and configure SRS outside the active BWP must be devised. 

In [2][13], it is proposed to use a Virtual BWP, separate to the active BWP, for SRS for positioning hopping. Several companies mention that this concept already exist in some form in the SRS for positioning supported for RRC_INACTIVE state. BWP switching using DCI, RRC or timer-based switching is mentioned in [3]. In [5][6][11][12][13] mentions that multiple BWPs may be devised in a specific SRS configuration. In [8] it is also proposed to use multiple BWPs, with the SRS resources with the same ID for each BWP used to create the hopping pattern. In [18], a similar concept to the virtual BWP is described, but using CC association instead of BWP. 

Hopping within an SRS resource is discussed in [3], noting that SRS resource configuration can configure SRS hopping within one resource (FL note: this is for SRS for MIMO). [5][12] proposes to consider extending the SRSpos framework with the SRSmimo frequency hopping mechanism, using a virtual bandwidth beyond the BWP width. 

[13] propose to discuss for dynamic signalling of the hopping pattern, using DCI or MAC CE. Coverage support with repetition of the hopping pattern is discussed in [21]
 

	Company
	Proposal

	[2]
	Proposal 3: Following Rel-17 Option 2 of SRS for positioning transmission in RRC_INACTIVE, SRS transmission in a frequency hopping way outside the initial UL BWP is supported for RedCap UEs.

Proposal 5: Support SRS transmission outside the active UL BWP to support SRS Tx hopping based positioning of RedCap UEs in RRC_CONNECTED state.

Proposal 6: Define a virtual BWP beyond maximum RedCap UE bandwidth to achieve SRS Tx hopping pattern for RedCap UEs.

	[3]
	Observation 8: The existing R16/R17 SRS resource configuration framework can realize SRS hopping within one resource.
Observation 9: The existing R16/R17 SRS resource configuration framework can realize SRS hopping between resources.

Proposal 2: In order to ensure the positioning accuracy of SRS/PRS hopping, the fast switching mechanism between hopping needs to be introduced.


	[4]
	Proposal 3:	On frequency hopping of RedCap UE positioning, reuse the bandwidth part restriction, i.e. up to 20MHz per DL/UL BWP at FR1.

	[5]
	Proposal 12: For SRS for positioning frequency hopping, the following alternatives can be considered.
-	Alt 1: reuse MIMO SRS frequency hopping framework as a starting point and define Tx frequency hopping within a a SRS-PosResource
-	Alt 2: perform SRS Tx frequency hopping by BWP switching, and reuse the switching mechanism for SRS transmission in RRC_INACTIVE outside the initial BWP as a starting point, and different hops can be defined across different srs-PosResourceSets associated with corresponding ‘SRS-only BWPs’

	[6]
	Proposal 1: A new BWP switching method, e.g., using a pre-configured BWP switching pattern, should be introduced to reduce the switching latency of SRS-Pos Tx transmission for RedCap UEs positioning.

	[8]
	Proposal 7: With regards to SRS frequency hopping for RedCap UEs, different SRS resources and SRS resource sets with the same ID in different BWPs correspond to different hops.

	[11]
	Proposal 2
•	For SRS for positioning for RedCap UEs, frequency hopping across SRS resource sets in different BWPs or frequency regions is supported
o	Existing configuration structure for SRS resource set and associated SRS resources is reused. 
o	Whether frequency hopping across BWPs or frequency regions for RedCap UEs is enabled or disabled is configured as part of SRS resource set configuration
o	For P/SP/A-SRS transmission for positioning, configuration, activation/deactivation, and triggering of multiple SRS resource sets across different BWPs or frequency regions simultaneously is supported, respectively.

	[12]
	Proposal 3: Consider the following issues and enhancements on SRS for positioning configuration to support frequency hopping:
•	The relationship of SRS for positioning configuration with UL BWP.
•	SRS for positioning frequency hopping configuration level, e.g., resource level, resource set level, BWP level.
•	Limitation on BWP configuration and activation.

	[13]
	Proposal 1: Consider the following candidates of configuration framework for supporting the UL SRS frequency hopping:
-	Configuration UL SRS resource / resource set within virtual bandwidth part
-	Bandwidth Part switching for UL SRS frequency hopping purpose

Proposal 2: For the Tx hopping pattern design for transmission of the UL SRS, consider the impacts of elements such as the number of hops, bandwidth of hop, time gap between hops, and overlap size.

Proposal 3: Consider adaptive Tx hopping pattern for transmission of the UL SRS, which is indicated by DCI or MAC CE.
Proposal 5: Consider further evaluating the performance for positioning of RedCap UEs using FH regarding the FH patterns (including the number of hops, BW of each hop, total hopping BW, etc.) according to change of variables such as UE speed, phase offset, timing error, etc.

	[15]
	Proposal 3: Support Tx hopping of UL SRS to meet the Redcap performance requirement

	[18]
	Proposal 6: For frequency hopping for SRS for Positioning:
•	Define SRS for positioning associated with a CC (and not an active BWP) with each own numerology and bandwidth (e.g. similar to the SRS for Positioning of Rel-17 RRC inactive feature).

	[20]
	Proposal 3-1: For RedCap UEs, support TX frequency hopping outside UL BWP

	[21]
	Observation 7	The use of BWP switching to implement SRS bandwidth hopping is condition to channel coherence time compatible with the total BWP switching time across all hops.  

Proposal 13	A new repetition number can be introduced to indicate the number of SRS frequency hopping where each hop has one symbol in one SRS frequency hopping, or to indicate the number of symbols in one SRS hop, if partially overlapped SRS frequency hopping is configured.



 Round 1
We can start the discussion by checking the support for the different options regarding the configuration of hopping for SRS for positioning. 

Proposal 3.1-1: for RedCap UEs, support SRS for positioning frequency hopping by(downselect)
· Using BWP switching, with one SRS configuration per BWP for each hop
· Using a configuration separate from the active BWP 
· FFS: hopping is configured within a resource or across resources

Comments can be entered in the table below: 
Proposal 3.1-1:
	Company
	comment

	vivo
	Generally OK.
There is one issue that needs to be clarified. Regarding ‘Using BWP switching, with one SRS configuration per BWP for each hop’, whether ‘BWP switching’ here is limited to BWP switching in the current specification?

	CATT
	We think both of the two options can work.
If the first option is selected, we prefer a new BWP switching method, e.g., using a pre-configured BWP switching pattern, should be introduced to reduce the switching latency of SRS-Pos Tx transmission for RedCap UEs positioning.

	InterDigital
	Support

	Spreadtrum
	We support the first bullet and the second bullet is not clearly for us.

	Nokia, NSB
	We support the 2nd option. 

	Qualcomm
	We are against the BWP-based solution. The BWP switching framework cannot be used for the purpose needed. The delays are too long, and also there are only up to 4 BWPs in the specification. Furthermore, we are coupling 2 completely separate features (BWP switching and UL SRS hopping). The first one is a much more complicated and heavy feature compared to the “UL SRS hopping” feature. 

	Apple
	Fine with proposal. Support second option.

	ZTE
	If the first option is applied, the gap of BWP switching in current specification is too large.

	NTT DOCOMO
	We agree with CATT’s view. We prefer shorter switching time procedure. If the first option is selected, how to reduce the switching latency should be discussed.

	LGE
	Okay with the proposal.
Regarding the first option, we agree with CATT’s view. We also prefer to discuss defining a new BWP for frequency hopping and using existing BWP switching mechanism. ‘Automatic continuous BWP switching’ mechanism which is proposed in [5],[8] also can be consider.

	IIT Kanpur, CEWiT
	Support.

	Huawei, HiSilicon
	For the case of using BWP switching, it is based on the already supported mechanism of BWP switching (DCI/RRC/timer)?

	Ericsson
	Support second option, the BWP switching framework would bring too much delay between hops. 



  Status after Round 1 
We should discuss further during the offline sessions to improve the proposal. There is at least one company clearly not supporting option 1 using the current BWP switching framework.  CATT proposes to reuse the BWP switching framework with shorter time between BWPs. 

  Round 2 (paused)
We can revisit this proposal once we have settled the proposal for switching time.  


Overlap between hops and number of hops [HIGH]
Background
Many contributions mention the need of overlap between SRS hops in order to mitigate phase error due to retuning [1][2][3][5][19][21]. In [5] it is observed that an overlap is required to compensate for the phase errors induced by RF retuning at the UE.  

The hopping pattern is discussed in [5], where evaluations show that a hopping pattern that is sequential (not staggered) between hops, i.e., where each hop partially overlaps the preceding hop, is preferred in terms of performance.  [5] also evaluated different RE patterns across hops and proposes to use the same RE pattern across hops, based on the performance. The parameters for configuration of the overlap are proposed in [6]

In [5], the overlap size was evaluated, and it was proposed to consider overlap smaller than 8PRBs. In [8], it is proposed for the number of hops to be configured by the network, with a UE capability to report the maximum number of hops. 

Similar to SL PRS hopping, whether to explicitly configure the PRS overlap between different hops depends on how the SRS for positioning hopping is configured, i.e. over resources, resource sets, BWPs, etc. therefore we propose to delay discussing whether the overlap is a parameter of SRS for positioning hopping until after we have decided how to configure the hopping procedure. The support of overlap between SRS hops and the associated UE capability for overlap, however, can be already discussed. 

	Company
	Proposal

	[1]
	Observation 1: Non-overlapping frequency hopping for SRS positioning causes an unknown or random phase rotation at every hop resulting in the positioning accuracy degradation.
Observation 2: Partial overlapping frequency hopping for SRS positioning can resolve the random phase rotation, resulting in improved positioning accuracy. 
Observation 3: With partial overlapping frequency hopping, some frequency resources allocated for SRS transmissions are not fully utilized. 

Proposal 1: For improving the positioning accuracy of RedCap UEs, support SRS frequency hopping with partial overlapping frequency resources for both FR1 and FR2. 



	[2]
	Proposal 7: The enhancements of SRS configuration should be supported to enable partial overlaps between hops for RedCap UEs.

	[3]
	Observation 10: Through SRS/PRS resource allocation, the network can realize overlapping RB of two adjacent SRS/PRS hopping in the frequency domain.

	[6]
	Proposal 2: UL frequency hopping pattern information should include the following SRS-Pos resource configuration information in time domain and frequency domain.
· In time domain:
· The start time of the frequency hopping pattern 
· The end time of the frequency hopping pattern
· Time gap between two consecutive hops (in unit of slot or OFDM symbol)
· Number of configured SRS-Pos resources in the frequency hopping pattern(E.g., reuse R16:maxNrofSRS-Resources = 64 per BWP )
· In frequency domain:
· Partial overlapping size (granularity: PRB or RE)
· Starting PRB index per frequency hopping
· The number of frequency hopping N, N={1,2,…,N_max}
· FFS: N_max

	[8]
	Proposal 1: With regards to frequency hopping for positioning for RedCap UE, the number of hops should be configured by the network:
	UE may report its capability on the maximum number of supported frequency hops to network

	[12]
	Proposal 4: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.

	[19]
	Proposal 3: 
•	RAN1 should consider frequency hopping with partial overlap resources.

	[21]
	Proposal 12	SRS for positioning Tx bandwidth hopping is supported for Redcap UEs, by extending the SRS configuration with at least
i.	 The total BW to be covered over all hops
ii.	The gap (in symbols) between each hops
iii.	The overlap between hops
1.	FFS: whether the overlap is common for all hops or specific for each hop.



Round 1
Similar to DL PRS hopping, the configuration of the overlap for SRS hopping depends on how hopping is configured, i.e. using the BWP switching framework, multiple resources, or a single resource.  We can start with defining the capability for a UE supporting SRS for positioning frequency hopping. It is not clear yet whether the overlap size should be part of the UE capability.

Proposal 3.2-1: for RedCap UEs, support SRS for positioning frequency hopping is a UE capability
· FFS details of the capability 

Comments can be entered in the table below: 
Proposal 3.2-1:
	Company
	comment

	vivo
	OK

	CATT
	Support.
In addition, we prefer the number of overlapping frequency resources in adjacent hops for SRS frequency hopping is a UE capability.

	InterDigital
	Support 

	Spreadtrum
	Support.

	Nokia, NSB
	Same comment as on the DL capabilities. 

	Qualcomm
	Support

	Apple
	Support

	ZTE
	Support

	NTT DOCOMO
	Support 

	NEC	
	Support.

	LGE
	Support

	IIT Kanpur, CEWiT
	Support.

	Huawei, HiSilicon
	Maybe too early.

	SONY
	Support



    Status after Round 1 (paused)
Similar to DL PRS, we can delay the discussion on the the overlap between hops once the discussion on the general framework for hopping has progressed. 
 
Switching time between hops [HIGH]
Background
Several companies have, as with DL PRS, identified that the switching time need feedback from RAN4[2][11] [21]. In [2], the observation echo the TR38.859 regarding the need for a maximum limit for the gap duration (e.g. 5ms in[2]) in order to meet the requirements for IIoT scenarios.  [4] proposed to to discuss solutions to reduce the overall delay between hops due to BWP switching.[6] proposes to make the switching time gap a parameter for the SRS resource configuration. In [18] it is highlighted that short retuning time would allow slot-based hopping and should be considered. [18][19] propose considering retuning time of 30usec and equal or shorter than 180usec, respectively. [20] proposes to make switching time a capability. [21] mentions that the retuning time problem depends also on the technique used for hopping, using the BWP switching framework or  a separate RF retuning mechanism. 


	Company
	Proposal

	[2]
	 Observation 2: A small time gap between hops (e.g., < 5ms) is required to meet the target performance requirements for positioning of Redcap UEs using Tx hopping for SRS transmission in IIoT scenarios.

Observation 3: Fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops to enable Tx frequency hopping is required for RedCap UEs to meet the target requirements.

Proposal 4: Ask RAN4 on the achievable switching time for SRS Tx hopping.


	[4]
	Proposal 4:	For RedCap UEs positioning, study and specify, if necessary, the DL/UL frequency hopping mechanisms to reduce overall time delay introduced by DL/UL BWP switch delay.

	[6]
	Proposal 2: UL frequency hopping pattern information should include the following SRS-Pos resource configuration information in time domain and frequency domain.
· In time domain:
· The start time of the frequency hopping pattern 
· The end time of the frequency hopping pattern
· Time gap between two consecutive hops (in unit of slot or OFDM symbol)
· Number of configured SRS-Pos resources in the frequency hopping pattern(E.g., reuse R16:maxNrofSRS-Resources = 64 per BWP )
· In frequency domain:
· Partial overlapping size (granularity: PRB or RE)
· Starting PRB index per frequency hopping
· The number of frequency hopping N, N={1,2,…,N_max}
FFS: N_max

	[11]
	Proposal 3
•	Send an LS to RAN4 soliciting feedback on feasibility of simplified BWP and frequency hopping methods for reception of DL PRS and transmission of UL SRS for positioning or using much shorter RF retuning gaps than Rel-15 BWP switching times, considering at least the following assumptions:
o	BWP or frequency hopping may be limited to DL PRS reception or UL-SRS transmissions only (i.e., no Rx/Tx of other channels/signals), 
o	the hopping patterns may be known a priori based on higher layer configuration,
o	same numerology across the BWPs/frequency regions,
o	limited to DL PRS reception or SRS for positioning transmission without any data communications in DL/UL in the different frequency hops.

	[18]
	Observation 9: Specifying a switching time of 70usec or less would allow performing 5 hops within a single slot in FR1.
Proposal 7: For SRS frequency hopping retune times, at least consider values starting from 30 usec similar to the SRS carrier switching feature.  

	[19]
	Proposal 1: 
It is preferable that the time gap between two consecutive hops is equal to or shorter than 180 us for UL positioning with frequency hopping.
Final decision of the gap values may be up to RAN4.


	[20]
	Proposal 3-2: UE may provide the RF retuning capability to NW

	[21]
	Proposal 8	Discuss the RF tuning time based on above two options.
i.	Send an LS to RAN4 on the two options.

FL note: two options:

· Option 1: BWP switching time when some BWP parameters are fixed and others are preknown to UE.
· Option 2: RF tuning time if RedCap could be configured with a wider BWP than its CC BW.

Proposal 11	Partially overlapped SRS frequency hopping needs to be supported in one (positioning) SRS resource.


Round 1
Similar to the switching time discussion for DL PRS hopping, we can start the discussion on the capability for switching time between hops, and the required LS to RAN4. Regarding the configuration of the time gap, we can wait for progress on the hopping mechanisms in 4.1. 
 
Proposal 3.3-1: for positioning for RedCap UEs, switching time (time gap) between each hop for UL SRS for positioning frequency hopping is a UE capability
· FFS: granularity of the capability
· Send an LS to RAN4 regarding the possible values for the retuning time between hops
 
Comments can be entered in the table below: 
Proposal 3.3-1:
	Company
	comment

	vivo
	Same view as 3.4.2.
Switch time is a RAN4 issue, and RAN4 can also define the related capability. We prefer RAN4 to decide on the related issue or not to discuss this issue in RAN1 before getting enough input from RAN4.
Proposal 3.3-1: for positioning for RedCap UEs, switching time (time gap) between each hop for UL SRS for positioning frequency hopping is up to RAN4
· FFS: granularity of the capability
· Send an LS to RAN4 regarding the possible values for the retuning time between hops

	CATT
	Support.

	InterDigital
	Support. We also think that the duration of a sequence of hops is a UE capability.

	Nokia, NSB
	Same comment as on the DL. 

	Qualcomm
	Support

	Apple
	Support

	ZTE
	Support

	NTT DOCOMO
	Support

	NEC
	Support.

	LGE
	We are okay with the changes from vivo. We can discuss this issue after RAN4 work.

	IIT Kanpur, CEWiT
	Support.

	Huawei, HiSilicon
	Not clear on the necessity of such an LS.

	SONY
	Support



  Status after Round 1 
As with DL PRS hopping switching time, a majority of comments is ok with asking ran4 to discuss switching time for SRS hopping. We propose to discuss the revised proposal from vivo online. The revised proposal is as follow:
Proposal 3.3-2: for positioning for RedCap UEs, switching time (time gap) between each hop for UL SRS for positioning frequency hopping is up to RAN4
· FFS: granularity of the capability
Send an LS to RAN4 regarding the possible values for the retuning time between hops

Round 2	Comment by Florent Munier: Discuss at the offline

We have merged the SRS and PRS switching time discussion in section 3.4.4.


Collision rules [MEDIUM]
Background

In [11][6][13][14], collision rules for TDD, FDD and HD FDD cases are discussed. It is proposed to re-use the existing collision rules for SRS with hopping and the rest of UL transmission in the active bandwidth part for TDD and FDD. For HD FDD, For the collision of the hopping pattern with the DL reception, collision rules should be defined. [20] proposes to dicsuss rules for aborting the hopping procedure. 

From the FL perspective, we note that collision rules for the SRS (both mimo and positioning) already exist for HD-FDD. 

In [7] a UL window similar to the measurement gap is proposed for the UL SRS with hopping, where all transmission / reception beside the hopping SRS are suspended. [11] propose that the same collision rules for UL SRS for positioning from previous releases are re-used. [21] proposes a collision rules for the hopping SRS so that if a PUCCH/PUSCH with high priority collides with the hopping sequence, the colliding symbol and the remaining part of the transmission ar cancelled. This is motivated by the fact that phase errors between hops cannot be compensated once one slot is lost. 


	Company
	Proposal

	[6]
	  Proposal 3: For RedCap UEs positioning in FD-FDD and TDD, reuse the SRS-Pos collision handling mechanism in Rel-16.


	[7]
	Proposal 7: Support an UL time window where the UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. 


	[11]
	Proposal 4
•	Switching period associated with reception of DL PRS and transmission of SRS for positioning with frequency hopping has same priority as the corresponding DL PRS and SRS for positioning.

Proposal 5
•	For HD-FDD RedCap UE, collision handling between DL PRS and UL channels/signals within a configured positioning processing window outside the measurement gap needs to be addressed.

	[13]
	Proposal 4: Discuss collision handling rule of UL SRS frequency hopping for RedCap UEs positioning

	[14]
	Proposal 5: Study prioritization of SRS during SRS hopping


	[20]
	Proposal 3-4: A rule may need to be defined to abort the hopping

	[21]
	Proposal 15	If the SRS for positioning with BW hopping collides with a high priority PUSCH/PUCCH, the colliding slot(s) and the remaining SRS slot(s) in the hopping sequence are dropped.


Proposal 9	When the SRS for positioning is using Tx bandwidth hopping, the active BWP bandwidth does not apply during transmission of the hops outside of the BWP. 
Proposal 10	The UE is not expected to transmit other UL signals in the same slot as the one used by a SRS with Tx bandwidth hopping while the UE is hopping outside of the active BWP bandwidth.

	 
	



Round 1
The exisiting collision rules for UL SRS for positioning can be extended to the case where frequency hopping is used.  One issue to address is how to handle UL data transmission during hopping, i.e. when the UE is transmitting UL SRS outside of the active BWP. In several proposals, a UL time window, similar to measurement gaps in the downlink are proposed. We should clarify when the window would start, e.g. after the first hop (and thus only when the UE is not in the active UL BWP anymore), or from the beginning of transmission (and thus also within the active BWP). 

Proposal 3.4a-1:  For RedCap UEs positioning in FD-FDD and TDD, reuse the SRS-Pos collision handling mechanism in Rel-16.
	-FFS case of HD -FDD

Proposal 3.4b-1::  For RedCap UEs positioning transmitting the UL SRS with frequency hopping, Support an UL time window where the UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning.
	FFS: whether the time window includes transmission in the active UL BWP.


Comments can be entered in the table below: 
Proposal 3.4a-1:
	Company
	comment

	vivo
	We tend to discuss the collision rules after we have clearly discussed the configuration of SRS Tx hopping.

	CATT
	Support.
For RedCap UEs positioning in HD-FDD, collision handling rules for UL SRS-Pos transmission and other DL reception should also be defined.

	InterDigital
	From our view, collision mechanism may depend on how SRS hops are measured at the gNB (per hop or coherently). Thus, how the measurement is made at the network should be clarified first. We propose to discuss this jointly with Proposal 1.2-1.

	Qualcomm
	We can discuss this in future meetings; low priority for now

	ZTE
	Agree with Qualcomm and de-prioritize the corresponding discussion.

	LGE
	We agree with vivo’s view. We can discuss this later when we have more details on SRS Tx hopping features e.g., required duration for SRS FH.    

	Huawei, HiSilicon
	OK. 



Proposal 3.4b-1:
	Company
	comment

	vivo
	Same view as proposal 3.4a-1.

	LGE
	We are generally supportive, but similar view as proposal 3.4a-1; discuss this issue later.

	Huawei, HiSilicon
	We do not support this.



    Status after Round 1  (paused)
The received comments are that the issue can be discussed at a later stage once the designed has progressed. 

 

ZC Sequence configuration [MEDIUM]
Background

In [7] the continuity of the ZC sequence over the hop is discussed. It is propose to ensure that a single ZC sequence configuration is used across the SRS hops. 

	Company
	Proposal

	[7]
	Proposal 4: RAN1 should support a single ZC sequence configuration across multiple SRS frequency hops (e.g., a virtual SRS configuration for positioning frequency hopping).



Round 1
The issue raised in [7] seem relevant for the discussion of the SRS hopping design. However, since only 1 company has raised the issue, let’s first collect some comments on the proposal.

Proposal 3.5-1:
: RAN1 should support a single ZC sequence configuration across multiple SRS frequency hops

Comments can be entered in the table below: 
Proposal 3.5-1:
	Company
	comment

	vivo
	We don’t think this proposal can be supported without any evaluation to prove it. At least, in our previous simulation, different hops used different sequences and were able to provide sufficient accuracy.

	c
	We don’t support this proposal. 

	LGE
	If a single ZC sequence across multiple SRS hops is supported, it seems obvious that benefits from CAZAC sequence will be destroyed. Thus, we do not prefer this proposal. 



    Status after Round 1  
Only a few companies have commented, so we will wait to discuss this proposal for now. 

Use of partial staggering / number of symbols restrictions [LOW]
Background

In[20] it is propose to introduce partial staggering to support frequency hopping. 


	Company
	Proposal

	[20]
	Proposal 3-3: The partial staggering RS pattern could be considered for hopping.



Round 1
As only a single company proposed to support partial staggering for SRS, we can start by collecting views on the issue. 

 Proposal 3.6-1: Support partial staggering for UL PRS for positioning, where the number of UL SRS symbol in a resource is less than the comb size for the resource. 
· Partial staggering is a UE capability
· FFS: the number of symbols / comb size combinations.
 
Comments can be entered in the table below: 
Proposal 3.6-1:
	Company
	comment

	
	


  
Power control [LOW]
Background
In [21] power control for the SRS while hopping is discussed, and it is proposed to use the same pathloss estimate across the hopping procedure. 

	Company
	Proposal

	[21]
	Observation 1	The change of UE transmit power between different hops may cause the Tx gain change which introduces additional phase error.
Proposal 14	UE uses same pathloss estimation for SRS transmission during one SRS frequency hopping duration if uplink power control is configured.



Round 1
As only a single company has discussed the issue, we can start by collecting views. 

Proposal 3.7-1: UE uses same pathloss estimation for SRS transmission during one SRS frequency hopping duration if uplink power control is configured.
 
Comments can be entered in the table below: 
Proposal 3.7-1:
	Company
	comment
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First online discussion (Tuesday) 
The proposals with high priority to be discussed online are as follow:

Regarding proposal 2.1-1, the majority of comments support Rx hopping, with some of the comments also voicing concern regarding tx hopping due to lack of compatibility with legacy positioning.


Proposal 2.1-1: for positioning for RedCap UEs, regarding Tx Hopping and Rx hopping of the DL PRS, downselect between the following:
· Alt1: Both Tx and Rx hopping are supported.
· Alt2: Only Rx hopping is supported.

Regarding proposal 2.4-1, a revision was proposed by vivo in the comments. Most comments agree that RAN1 should ask RAN4 to establish the applicable switching time between hops:

Proposal 2.4-2: for positioning for RedCap UEs, switching time (time gap) between each hop for DL PRS frequency hopping is up to RAN4
· FFS: granularity of the capability
Send an LS to RAN4 regarding the possible values for the retuning time between hops

Regarding proposal 3.3-1 on UL SRS switching time, a similar revision to 2.4-1 for DL PRS hopping was proposed by vivo:

Proposal 3.3-2: for positioning for RedCap UEs, switching time (time gap) between each hop for UL SRS for positioning frequency hopping is up to RAN4
· FFS: granularity of the capability
Send an LS to RAN4 regarding the possible values for the retuning time between hops


Regarding proposal 2.6a-1 measurements of DL PRS with hopping during a measurement gap has majority support: 

Proposal 2.6a-2: For RedCap UEs, support measurements on DL PRS with frequency hopping using measurement gaps
· For a given DL PRS with hopping, a single measurement gap is configured to overlap with at least 1 DL PRS hopping sequence
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and MGs
·  Send an LS to RAN4 to inform on the use of MGs for DL PRS with FH

Additionally, these proposals are stable and can be endorsed if there is time:
Regarding proposal 1.1-1 and 1.3-1, It seems there is no objection to the conclusion. If time allows, we can capture it on Tuesday. 

Proposal 1.1-1: (for conclusion) Positioning for RedCap UEs includes all supported RAT-dependent positioning methods
Proposal 1.3-1: (for conclusion): the scope for RedCap positioning includes FR1 and FR2. 


Second online discussion (wednesday) 
The offline discussion regarding the switching time issue made progress so we propose to revisit it online. The revised proposal was further commented over the reflector, so the proposal includes changes proposed in the comments by CATT:
 
Proposal 2.4-4
For Positioning enhancements for redcap Ues, From the RAN1 perspective, shorter switching time to allow RF retuning between adjacent hops may be  beneficial in terms of accuracy and latency performance, assuming that at least numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.
· Send an LS to RAN4 requesting feedback on the feasibility of having shorter switching time gaps between hops for UL SRS Tx and DL PRS Rx frequency hopping, and the possible values for the switching time between hops.

If time allows, we can revisit the discussion on measurement gaps:

Proposal 2.6a-3: For positioning enhancements for  RedCap UEs, 
· Measurements on DL PRS with Rx hopping  using measurement gap(s) are supported
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and MG(s) 
· Measurements using PPW (gapless measurements)
· FFS: support of PPW for HD-FDD UEs. 
· FFS: details on RedCap UE processing capabilities for DL PRS with frequency hopping and PPW 

Conclusion
[bookmark: _In-sequence_SDU_delivery]TBD
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