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TDocs submitted to the following agenda items will be treated:
- 8.20.3 RRM requirements
This thread focuses on two incoming LS.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: Companies discuss open issues.
· 2nd round: Finalize on the open issues and the reply LS. 
Topic #1: Reply to RAN1 LS on use of NCD-SSB instead of CD-SSB for RedCap UE
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2119559
	Qualcomm Incorporated
	Observation 1. NCD-SSB can be used for RRM measurements on serving cell in RRC Idle/Inactive, if it is transmitted by the same cell and at the same power level as the CD-SSB of the cell. 

Observation 2. NCD-SSB configured within RedCap-specific initial DL BWP can be used for paging reception, if it is transmitted by the same serving cell as the CD-SSB.  

Observation 3. NCD-SSB can be used for RO selection in RedCap-specific initial UL BWP, if it is QCL’ed with the QCL source of the RA search space configured for RedCap UEs.  

Observation 4.  NCD-SSB can be used for paging reception and RO selection in RedCap-specific initial DL BWP specified in Option 2, as it is transmitted by the same cell as the CD-SSB and is QCL’ed with the QCL source of the RA search space configured for RedCap UEs.  

Proposal 1. NCD-SSB can be used for RRM measurements procedures for serving and non-serving cell in idle, inactive and connected mode by a RedCap UE if the NCD-SSBs are transmitted by UE’s serving cell at the same power level as the CD-SSB, and QCL’ed with the CD-SSB of UE’s serving cell. 

Observation 5. NCD-SSB can be used as a QCL source in dedicated BWPs without CD-SSB, if it is fully QCL’ed with the CD-SSB of UE’s serving cell. 

Proposal 2. NCD-SSB can be used for as a QCL source in dedicated BWPs without CD-SSB, if it is transmitted by UE’s serving cell at the same power level as the CD-SSB and is fully QCL’ed with the CD-SSB of UE’s serving cell. 

Proposal 3. NCD-SSB can be configured with different but not shorter periodicity from the CD-SSB. A good rule for it can be max{20ms, CD-SSB periodicity}. 

Proposal 4. NCD-SSB should be configured off sync raster and with the same subcarrier spacing, PCI and ssb-PositionsInBurst as the CD-SSB. 
Observation 6. CSI-RS typically is not configured in the field and hence should not be counted on to replace the use of SSB in RedCap UEs’ dedicated BWPs. 

Observation 7. Retuning to use CD-SSB is an undesirable design, as it requires measurement gaps, which reduces UE’s throughput and increases UE’s power consumption. 
Proposal 5. Agree on sending the reply LS to RAN1 as in Section 3.

	R4-2117717
	CMCC
	Proposal 1: From RAN4 perspective, it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
Proposal 2: From RAN4 perspective, it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and connected mode in the initial/non-initial DL BWP of RedCap UE
Proposal 3: From RAN4 perspective, no need to introduce configuration limitations for NCD-SSB
Proposal 4: It is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE.
Proposal 5: UE performing RF retuning as a measurement gap outside active BWP will cause big impact on performance and specifications
Proposal 6: The SSB to be used for measurement depends on the configuration. UE performing RF retuning as a measurement gap outside active BWP will cause big impact on performance and specifications, especially for RLM, time/frequency tracking, AGC and etc.

	R4-2117806
	Vivo
	Proposal 1: It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
Proposal 2: For question 2, RAN4 does not identify any limitation on it if RAN1 provides corresponding functionalities
Proposal 3: regarding parameters in question 4, the design of the legacy system can be used the base. In addition, these parameters could up to NW configuration depending on particular deployment scenario. 

Proposal 4: some limitations on frequency location of NCD-SSB can be considered. For the NCD-SSB periodicity, it could have the same value set or longer periodicity than that of CD-SSB.

Proposal 5: Due to its incapability for neighbor cell RRM measurement, serving cell timing requirement and TCI state switch requirements, it is not feasible to use periodic CSI-RS as an alternative of SSB in the non-initial BWP of RedCap UE
Proposal 6:  it is not feasible to rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation due to the high frequency of the RF retuning which increase UE power consumption significantly and bring more interruption overhead. 
Proposal 7:  For question 7, we suggest that the design principle of using NCD-SSB for RedCap UE is when NCD-SSB is configured, CD-SSB-based actions could be done through NCD-SSB and from RAN4 measurement point of view, the dependency on CD-SSB should not be needed. Regarding the particular scenario in Q7 where a RedCap UE retune to a CD-SSB rather than use an NCD-SSB of larger periodicity, it is not clear to RAN4 about the use case.

	R4-2118822
	Huawei
	Reply LS on use of NCD-SSB instead of CD-SSB for RedCap UE

	R4-2119055
	Ericsson
	· Observation 3: RF retuning time for retuning between non-initial/initial DL BWP of RedCap and initial BWP is significantly shorter compared to legacy BWP switching delay.
· Observation 4: Current RRM requirements are scaled with the reference signal periodicity, thus no impact is expected due to lare NCD-SSB periodicity.
· Observation 5: Assuming that NCD-SSB and CD-SSB are ‘QCL’-ed, it is feasible to use NCD-SSB in serving- and non-serving cell measurements.
· Observation 6: RAN4 may have to introduce an applicability rule specifying the QCL relation between NCD-SSB and CD-SSB for the RRM requirements to apply.
· Observation 7: It may be beneficial assume same TX power on both CD-SSB and NCD-SSB.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 
Sub-topic description:
Open issues and candidate options before e-meeting:
Question 1: whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
· Proposals
· Option 1: Yes (CMCC, vivo)
· Option 2: Yes, provided that NCD-SSB is ‘QCL’-ed with CD-SSB. (Ericsson)
· Option 2a: Further conditioned on that NCD-SSB is transmitted by UE’s serving cell with the same SCS and at the same power level as the CD-SSB. (Qualcomm)
· Option 3: No. (Huawei)
· Agreements
· It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
· FFS for specific conditions when it is feasible to use NCD-SSB
· It is RAN4 understanding that NCD-SSB measurements support may require additional signalling which is up to RAN2

Question 2: whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE
· Proposals
· Option 1: Yes (CMCC, vivo)
· Option 2: Yes, if it is fully QCL’ed with the CD-SSB of UE’s serving cell. (Qualcomm, Ericsson)
· Option 3: As lack of sufficient information from RAN1, it is difficult for RAN4 to answer this question at current stage. (Huawei)
· Recommended WF
· Discussions are needed.

Question 4: whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
· Proposals
· Option 1: It’s RAN2 related. (CMCC)
· Option 2: They should have the same Tx power, same block indices (as provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and same QCL sources as the CD-SSB. Periodicity of NCD-SSB can be different from that of CD-SSB. But the periodicity of NCD-SSB should not be shorter, nor too sparse, than the periodicity of CD-SSB. A good rule for it can be max{20ms, periodicity of CD-SSB}. (Qualcomm)
· Option 3: If the periodicity of NCD-SSB is longer than that of CD-SSB, the L1/L3 measurement performance may be impacted. It is likely that NCD-SSB TX power is smaller than CD-SSB due to total transmit power limitation, which means the DL coverage UE observed for the same cell is different. NCD-SSB with lower Tx power and larger periodicity effectively reduces the RSRP measurement results thus mobility performance, e.g. due to increased handover failure rate. How to handle the L3 measurement results based on different SSB transmit power of serving cell is also an issue. Regarding block indexes and QCL relation, it is in the scope of RAN1.(Huawei)
· Option 4: The design of the legacy system can be used the base. In addition, these parameters could up to NW configuration depending on particular deployment scenario. (vivo)
· Option 5: The periocitities or block indexes of NCD-SSB and CD-SSB can be same or different. RAN4 sees benefit in assuming same TX power. (Ericsson)
· Option 6: It is not feasible to use NCD-SSB for RRM measurements when QCL sources of NCD-SSB and CD-SSB transmitted in the serving cell of the RedCap UE is different. (Ericsson)
· Tentative agreements
· Periodicities of NCD-SSB can be same or different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
· TX power of NCD-SSB can be same or different from those of CD-SSB
· If TX power is different, then UE needs to be informed on the power difference between NCD-SSB and CD-SSB

Question 5: whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs?
· Proposals
· Option 1: NCD-SSB can locate on any channel raster. No limitation for NCD-SSB is necessary, up to the network. (CMCC, Ericsson)
· Option 2: NCD-SSB should be configured off sync raster and with the same subcarrier spacing, same PCI and same ssb-PositionsInBurst as the CD-SSB. (Qualcomm)
· Option 3: The periodicity of NCD-SSB may be supposed to be longer than CD-SSB. (Huawei, Qualcomm, vivo)
· Option 3a: A good rule for it can be max{20ms, periodicity of CD-SSB}. (Qualcomm)
· Recommended WF
· Discussions are needed.

Question 6: if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation
Question 6-1: is CSI-RS a feasible alternative?
· Proposals
· Option 1: Yes. (Huawei, CMCC)
· Option 2: No. (Qualcomm, Ericsson, vivo)
· Recommended WF
· Discussions are needed.
Question 6-2: is RF retuning a feasible alternative?
· Proposals
· Option 1: Yes. (Huawei)
· Option 2: Not desirable. (Qualcomm, vivo, CMCC, Ericsson)
· Recommended WF
· Discussions are needed. Moderator assumes Option 2 implies that it is actually feasible (but just undesirable)?

Question 7: whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
· Proposals
· Option 1: Yes, feasible. (Huawei, Ericsson)
· Option 2: It is not clear to RAN4 about the use case, clarification is needed. (vivo)
· Option 3: Not a desirable alternative due to negative impact on performance. (Qualcomm, CMCC)
· Recommended WF
· Discussions are needed. Moderator assumes Option 3 implies that it is actually feasible (but just undesirable)?

Question 8: any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement
· Proposals
· Option 1: RAN4 needs to further study. (Huawei)
· Option 2: No other impacts. (Qualcomm)
· Recommended WF
· Discussions are needed.

Companies views’ collection for 1st round 
Open issues 
One of the two formats, i.e. either example 1 or 2 can be used by moderators.
	Company
	Comments

	XXX
	Question 1:
Question 2:
Question 4:
Question 5:
Question 6-1:
Question 6-2:
Question 7:
Question 8:

	Ericsson
	Question 1:
We support option 1. 
We also would like to clarify our position that we don’t think NCD-SSB and CD-SSB need to be QCL-ed for the serving and non-serving measurements. For instance, when the UE is configured to perform RA, then it may use the measurement performed based on NCD-SSB on the RedCap-specific initial DL BWP for the selecting the RA type, SSB selection, etc. As long as both measurement and the RA is performed on the same BWP, there should not be any issues, and this is valid for any measurement and procedure performed on same RedCap-specific BWP. Even if transmit power is different which may result in different level of signal strength measurement, it may not matter if same measurement is used for operation on the same BWP where the measurement is performed. If needed e.g. due to using the measurements in tasks of non-RedCap initial BWP.  

Question 2:
We support option 2. 
It is feasible, in our view, to use NCD-SSB as QCL source of other DL channels/signals and spatial relation for UL channels/signals in idle, inactive and/or connected mode in the initial/non-initial DL RedCap UE provided that NCD-SSB and CD-SSB are ‘QCL’-ed.  

Question 4:
We support option 5 and 6. 
As explained in our paper, the current requirements in IDLE/INACTIVE and CONNECTED states are defined as function of SMTC periodicity, i.e. the requirements are scaled with SMTC periodicity. For example scaling factors M1/M2 are used in IDLE/INACTIVE states. Therefore we don’t see any impact due to NCD-SSB having different periodicity than CD-SSB. It shall be noted that the cell detection is still performed based on CD-SSB and this part should not be affected. For this reason, we don’t think the L1/L3 measurement performance is going to be affected as stated in option 3. 
Regarding the transmit power, it is beneficial for the UE to assume same TX power on both CD-SSB and NCD-SSB in case UE wants to use them for different purposes. It can be captured in the LS response that having the same transmit power of NCD-SSB and CD-SSB is beneficial from RAN4 perspective. This statement may address the concern raised in option 3. 
Regarding block indexes, following the Rel-15 NR spec, the block indexes of NCD-SSB and CD-SSB can be same or different. However, if they are different then NCD-SSB and CD-SSB may not longer be QCL-ed. 

Question 5:
We support option 1. 
Our view is that the introduction of RedCap-specific initial BWP is done based on Rel-15 design. The UE is expected to follow the legacy NR procedure for cell search which is based on CD-SSB containing CORESET#0 located at the channel raster. Unlike what is stated in option 2, our view is that RedCap should be able to operate in existing NW deployments without modifying the way CD-SSB or NCD-SSB are transmitted.  Therefore we don’t see any need to limit the configurations (e.g. frequency locations, periodicity) for NCD-SSB with respect to Rel-15 NR.  For reasons explained in question 4, we don’t think periodicity should matter since current requirements are already defined taking into account the reference signal periodicity. 
Question 6-1:
We support option 2. 
We don’t think it is feasible to use CSI-RS an alternative to SSB because even if periodic CSI-RS resources are configured, the cell detection is still based on SSB. This means the UE may still need to retune to non-RedCap specific initial BWP to read PSS/SSS. Furthermore, CSI-RS based mobility requirements are applicable under a certain constraint only, see section 9.10.2.5, 38.133. 
Question 6-2:
We support option 2. 
As explained din previous question (6-1), we think UE still may need to retune to non-RedCap specific BWP to perform cell detection and this may cause interruptions. Also UE may not always use CSI-RS requirements given the constraint in section 9.10.2.5, 38.133. 
Question 7:
It is noted from earlier questions than some assumptions are needed on the relation between NCD-SSB and CD-SSB, e.g. assumption on QCL relation, assumption on Tx power, block index etc. When this assumption cannot be made, UE can retune to non-RedCap specific initial BWP and receive CD-SSB. For example, when the UE is configured large DRX cycles it should have sufficient time to reunte to initial BWP and receive CD-SSB without causing significant interruptions in DRX OFF period. This use can be better clarified in the LS response. 

Question 8:
Since it is an urgent LS, it is important that RAN4 provides early response LS. We agree that the details can be further studied in RAN4, but high-levels answers should be provided in this meeting so that RAN1 can further discuss them in the upcoming RAN1 meeting starting on 11/11-2021 as explicitly requested by RAN1.

	ZTE
	Question 1: We think that it may need to be FFS. NCD-SSB can only be used for non-serving cell measurements from RAN1/2 perspective. RLM, BFD, Link recovery can only use CD-SSB. Whether to support NCD-SSB for serving cells depends on RAN2 design.
Question 2: We think that this depends on RAN1 design. Right now we support Option 3, e.g., more info is needed from RAN1.
Question 4: CD-SSBs have power-boosting, however, if NCD-SSB doens’t have power boosting, the coverage will be different. If NCD-SSB is boosted, then the power of PDSCH / PDCCH will be reduced (since total power is limited), which will have impact on legacy UEs, which is contradictory to the WID which says to avoid impact to legacy UEs. Thus, we need to feedback in the LS that having same or different transmission power for CD-SSB and NCD-SSB will both lead to unwanted problems.
Question 5: Agree with Option 2 that NCD-SSB cannot be deployed on sync raster. The issue exists for legacy UE as well, so no need to introduce new limitation for redcap UEs.
Question 6-1: Option 1, it is feasible.
Question 6-2: Option 1, it is feasible.
Question 7: Option 1, it is feasible.
Question 8: CD-SSBs have power-boosting, however, if NCD-SSB doens’t have power boosting, the coverage will be different. If NCD-SSB is boosted, then the power of PDSCH / PDCCH will be reduced (since total power is limited), which will have impact on legacy UEs, which is contradictory to the WID which says to avoid impact to legacy UEs. Thus, we need to feedback in the LS that having same or different transmission power for CD-SSB and NCD-SSB will both lead to unwanted problems.

	Apple
	Question1: we support option 1. 
Regarding option 2 and 2a, we support NCD-SSB and CD-SSB to use same spatial, SCS and power level at NW to simplify the RedCap UE implementation, otherwise, additional configurations need to be considered, e.g., which SSB can be used for RACH occasion and spatial assumption if the NCD-SSB and CD-SSB has same index but with different spatial assumption. Moreover, we didn’t see benefit to differentiate such configurations between NCD-SSB and CD-SSB for RedCap scenarios.
Question 2: support option 2. 
If NCD SSB has different beam from CD SSB, UE need additional time to do beam sweeping on NCD SSB which is unnecessary and meaningless in our understanding, i.e., not see benefit to maintain two sets of beam sweeping for NCD SSB and CD SSB.
Question 4: support option 2. 
To support different power or SSB index, network may need to provide separate serving cell configuration for NCD SSB, and UE also needs to read the SSB index again on NCD SSB after identify the cell by using CD SSB, but we think those assumptions are not benefitial to either UE or network side.
Question 5: support option 2 and 3/3a. 
If the NCD SSB could be on sync raster, it would jeopardize the legacy UE’s performance on initial cell searching.
Question 6-1: support option 2, CSI-RS is not required to be used for T/F tracking or AGC estimation. 
Question 6-2: support option 2. Too often RF tunings shall be avoided to save UE power and data loss.
Question 7: Support option 3. 
Even though it’s feasible, but not desirable to do that due to performance loss and high power consumption at UE.
Question 8: support option 2.

	Qualcomm
	Question 1: Support option 1 and 2. 
We don’t see any issue with using NCD-SSB for serving and non-serving cell measurements from RAN4 point of view. RAN4 doesn’t differentiate between CD-SSB and NCD-SSB for measurement purposes. Current RAN2 requirements specify that only CD-SSBs can be used for L1 measurements but RAN2 is discussing whether or how to enable using NCD-SSBs for RRM/RLM measurements. Furthermore, we’d like to clarify that it is desirable to have the NCD-SSBs QCL’d with CD-SSBs, but that’s up-to RAN1 to decide. From RAN4 point of view we are fine with using NCD-SSBs for all RRM/RLM procedures.
Question 2: Support Option 2. 
We think it is quite feasible to use NCD-SSBs as QCL source of another DL channels/signals. If we make NCD-SSbs QCL’d with the CD-SSBs of the serving cell, there is no additional work needed to use NCD-SSBs as QCL source for another DL channels/signals. Furthermore, we don’t see any reason to not have them QCl’d.
Question 4: Support option 2
It is important that NCD-SSBs have the same QCL source as CD-SSBs, and preferably same Tx power. The periodicities may differ, but it should not be shorter than that of CD-SSB, neither it should be too long compared to CD-SSBs. A good rule to follow could be max{20ms, CD-SSB periodicity}.
Question 5: Support option 2, 3 and 3a.
Since NCD-SSBs do not have an associated RMSI, configuring them on the sync-raster may trigger a false cell detection by a neighbor cell. It’s desirable to configure the NCD-SSBs off the sync raster. Also, as mentioned for question 4, the periodicities may be different, but it cannot be too long as compared to CD-SSB.
Question 6-1: Support option 2.
We don’t think CSI-RS is a feasible alternative to SSBs for multiple reasons. First, CSI-RS is an optional feature and there is no reason to mandate it for RedCap devices. Second, the CSI-RS processing is associated with a high complexity, while RedCap WI is targeted towards low complexity devices. Third, there are some requirements which are defined only for SSBs, e.g. UE transmit timing is based on SSBs. Defining additional requirements for CSI-RS based timing is not justified for RedCap
Question 6-2: Support option 2.
Although feasible, it is not a desirable alternative as RF tuning causes interruptions. Throughput overhead of interruptions due to MGs is much higher than SSBs. Furthermore, current L1 measurement requirements are based on SSBs available with the active BWP. Defining L1 measurements for SSBs located outside the active BWP may be quite challenging and need a lot of simulations. RAN4 doesn’t have enough TUs allocated to perform such level of work. With NCD-SSBs on the other hand, no additional work is needed as the current SSB based L1 measurement procedures could be readily used.
Question 7: Support option 3.
Although feasible, this is not a desirable method to adopt. As mentioned earlier, the throughput overhead of measuring CD-SSBs with MGs is much higher than that of scheduling NCD-SSBs. We think the periodicity of NCD-SSBs should not be much longer than that of CD-SSBs. To reiterate, we should follow max(20ms, CD-SSB periodicity).
Question 8: Option 2. 
No other impact

	Intel
	Question 1: 
In general, we agree with option 1. Regarding option 2, it is desirable from the UE implementation perspective to see aligned configurations between NCD-SSB and CD-SSB. Power levels can be different as long as the network indicates the differences to the UE; for SCS, we would like to hear operators’ views if there is indeed a use case to configure another SCS for NCD-SSB.
Question 2:
We agree with option 1 and 2. Just to point out that if the NCD-SSB is not QCL-ed with CD-SSB in all the corresponding indexes, the UE needs to maintain both sets of network beams – which means a lot more effort from the UE. If QCL relation between NCD-SSB and CD-SSB in all the corresponding SSB indexes is guaranteed, it is desirable for the UE.
Question 4:
Periodicities can be different.
Tx powers are better to be the same otherwise the network needs to provide the difference value to the UE.
SSB indexes and network beams are better to be the same otherwise the UE needs to maintain more sets of network beam information which requires a lot more UE efforts.
Question 5:
Definitely better off sync raster. NCD-SSB has the same PCID with the CD-SSB and preferably the same indexes and beams also. Allocating NCD-SSB off sync raster helps a lot in differentiating between NCD and CD, and in saving much effort during UE initial access to the cell.
Question 6-1:
Option 2. CSI-RS is not a preferred alternative for SSB. On one hand CSI-RS based measurements are optional UE capability. On the other hand, the UE still needs to measure on SSB to get timing and beam information in most cases.
Question 6-2:
No strong view.
Question 7:
It is feasible to retune.
However, we would like to understand better of the question: is it intended to compare retuning to CD-SSB and measuring on NCD-SSB? If so, our preference is to have NCD-SSB instead of retuning even if NCD-SSB has a larger periodicity.
Question 8:
No fundamental impact is seen in RAN4.

	CMCC
	Question 1: 
Option 2 may be better. From measurement perspective, it does not matter whether RMSI is transmitted. So NCD-SSB can be used for measurement. However, as mentioned by some  companies, current RAN2 spec only allow CD-SSB measurement for serving cell. So whether this is feasible to use NCD-SSB needs further consideration. 
Question 2:
Option 2 is better. NCD-SSB has been QCL’ed with CD-SSB in order to use NCD-SSB as QCL source. Otherwise, it will increase the complexity.
Question 4:
Seems none of the options are the perfect. We provide our views on question 4 as follows:
 For the periodicity, separate configurations of CD-SSB are configured to UE, there is no need to restrict the periodicity.  
For Tx power, we understand the concern in option3. It seems questionable whether always the same Tx power can be maintained by network considering the power limitation
For block indexes, if NCD-SSB and CD-SSB are different, UE needs to read SSB index of NCD-SSB, which is not very desirable. 
Question 5:
Option 1. In legacy system, NCD-SSB can be located in any channel raster, and there is no impact on measurement. For RedCap UE, if NCD-SSB is transmitted, same rule should be followed. No limitation for NCD-SSB is necessary.
For the periodicity, as we discussed in question 4, periodicity of NCD-SSB is configured separately, there is no need to have limitation on the periodicity.
Question 6-1:
 Yes. CSI-RS is transmitted by network and available to UE. So if CD-SSB is not transmitted in the active BWP, periodic CSI-RS can be used for UE to do RLM/BFD, time/frequency tracking, RRM and so on. 
Question 6-2: 
We would like to clarify our views. In our contribution, we think RF retuning is not desirable since existing RLM/BFD requirements in 38.133 assume SSB is always available. So for RLM/BFD, periodic CSI-RS can be used for RedCap UE to avoid the RF retuning. 
For RRM, we think measurement gap and RF retuning is feasible. In our understanding, this is the legacy approach. In existing spec, if SSB is not within UE’s active BWP, then measurement gap is required to perform serving cell measurement. And measurement gap anyway will be configured to UE, there is no additional overhead and UE complexity. 
Question 7:
It depends. For RLM/BFD, periodic CSI-RS can be used for RedCap UE to avoid retuning. For RRM, it is feasible to retune to a CD-SSB rathere than use an NCD-SSB.

	Xiaomi
	Question 1: 
Support Option 1. In TS 38.133, RAN4 don’t differentiate CD-SSB and NCD-SSB. From measurement perspective, we see no different between CD-SSB and NCD-SSB. 
Question 2:
Option 2 is preferable.
Question 4:
Support Option 2. It is desirable to set NCD-SSB QCLed with CD-SSB with the same TX power.
Question 5:
Support Option2 and Option3.
Question 6-1:
Option2. CSI-RS based measurement is an optional UE feature and there is no conclusion whether RedCap UE would support this feature. Also, SSB will be still needed for time tracking.
Question 6-2: 
Option1.
Question 7:
Option1.
Question 8:
Option 2.

	vivo
	Q1: From RAN4 perspective we support option 1. Regarding option 2, we understand the suggestions however we think they are either up to RAN1’s decision or up to NW configuration.  
Q2: Ok with option 1 and 2. 
Q4: prefer option 4 up to NW configuration, fine with option 2. 
Regarding these parameters, have similar view with Intel, i.e., periodicities can be different. Tx powers can be same or different however if different the difference needs to be provided. Similar view on SSB indexes and network beams. 
Q5: OK with option 2, 3/3a, fine with option 1
Q6-1: Support option 2. 
Q6-2: support option 2.
Q7: Option 2, better to get more clarification from RAN1 on the user scenario.  
Q8: Agree with option 2, no fundamental impact.

	OPPO
	Question 1:  
Support Option 1. From RAN4 perspective, we see no difference between CD-SSB and NCD-SSB. 
Question 2: 
Option 1 and 2 are fine.
Question 4:
Support Option 2. Periodicities can be different. Tx powers, SSB indexes and network beams are better to be the same for NCD-SSB and CD-SSB to reduce UE complexity.
Question 5:
Support Option 2 and 3.
Question 6-1:
Option 2. CSI-RS based measurement is an optional UE feature and there is no conclusion whether RedCap UE would support this feature. 
Question 6-2: 
Option 2.
Question 7:
Option 3.

	MediaTek
	Question 1: Option 1, yes it is feasible. 
The configurations limitation and conditions should be discussed under question 5 of this issue.
Question 2: Option 1.
Question 4: Our views are:
· Block indices: NCD-SSB and CD-SSB must have the same block indices.
· Tx power: NCD-SSB and CD-SSB should have the same power.
· QCL source must be the same as CD-SSB.
· However, the periodicities of NCD-SSB and CD-SSB can be different. Besides, if NCD-SSB used for synchronization: a maximum period of 20 ms is needed, otherwise, for RRM/RLM measurements there is no limitations. 
Question 5: The limitations based on our views are: 
· Frequency location:
· NCD-SSB should be configured off-sync raster. This is because putting NCD-SSB on sync raster doesn’t violate the specs limitation but it may delay the camping procedure and increase the power consumption. 
· The limitation is that the carrier center frequency and SSB bandwidth (NCD-SSB and CD-SSB BW) are not overlapped.
· Periodicity:
· If NCD-SSB used for synchronization: a maximum period of 20 ms is needed.
· If NCD-SSB not used for sync purposes then it has no periodicity limitations for RRM/RLM measurements.
· The NCD-SSB and CD-SSB must be ‘QCL’ed, and have the same Tx power, same block indices, same PCI and same subcarrier spacing.
Question 6-1: Option 2: No. For the following reasons:
· CSI-RS is not standalone signal, which requires SSB signals as the main reference signal. Besides, CSI-RS can be seen as the finer tracking signal that is based on the SSB (the base) signal. In other words, we can't use CSI-RS without SSB.
· For example, cell search using CSI-RS is not a standalone measurement, where the SSB is needed to provide Cell ID.
· CSI-RS can't be used for Sync.
· CSI-RS is an optional for L3 and RLM measurements. Thus, Making CSI-RS as mandatory feature will increase the implementation complexity of RedCap devices.
Question 6-2: Option 2: Not desirable because if the intra-frequency SSB measurement is done in measurement gap, it has to share the same gap with all the other inter-frequency or inter-RAT measurements. The measurement delay will be longer, which may degrade mobility performance.
Question 7: We support Option 3. 
It is feasible however this comes at the cost of intra-frequency interruption gap, power consumption and UE throughput.

	Huawei
	Question 1:
· Regarding RRM measurement, in current intra-frequency/inter-frequency measurement definitions in TS38.133 specification, the center frequency of SSB of the serving cell indicated for measurement is supposed to be CD-SSB, as only single carrier is considered in RedCap WI. According this logic, the target MO to be measured shall be CD-SSB in the neighbor cell as well. In other words, so far in RAN4, NCD-SSB based RRM measurement for single carrier is not supported, as NCD-SSB based serving cell and neighbouring cell RRM measurement for PCell is not supported in current RAN2 signaling.
· Regarding SSB based RLM, BFD and L1-RSRP measurement, network only indicates SSB-index to UE. The SSB-index is associated with the SSB configuration in serving cell (in SIB1 or in ServingCellConfigCommon). In serving cell configuration, there is only one set of SSB configuration which is CD-SSB. Therefore in current RAN2 signaling, only CD-SSB based RLM, BFD and L1-RSRP measurement is supported. In RAN4, to perform RLM, BFD and L1-RSRP measurement, UE shall acquire the information of where to monitor and measure the indicated RS resources. At least, based on the current situation, if network only indicates SSB index information, UE would think it is related to CD-SSB.
· Regarding RO, in RAN1 RedCap agreement, RO design is associated with CD-SSB, and they haven’t discuss the mapping relation between RO and NCD-SSB. 
· Regarding option2/2a, we doubt whether the TX power of NCD-SSB and CD-SSB (which would be further discussed in question 4) can be the same. And we also don’t think the periodicity is the same because of considerable resource overhead. 
· Regarding time-frequency tracking and AGC, there is the similar issue as SSB based RLM, BFD and L1-RSRP measurement- UE needs first know where to acquire the NCD-SSB.
Question 2:
QCL relation shall be in RAN1 scope. 
Question 4:
Periodicity: CD-SSB is used for initial access, and the typical periodicity of CD-SSB is 20ms. If the periodicity of NCD-SSB is configured the same or smaller than as CD-SSB, the resource overhead and power consumption would severely increase. Therefore the periodicity of NCD-SSB is supposed to be longer than CD-SSB.
Tx power: 
-In practical network, SSB boosting is considered. When both NCD-SSB and CD-SSB are transmitted, especially multiple NCD-SSB are present in connect mode in NW side, whether gNB is able to transmit/ support multiple SSB boosting shall be further evaluated. 
-As the principle is that RedCap UE shall not influence the eMBB network (as coexistence per WID requirement), the CD-SSB transmit power shall not be reduced in order to keep the unchanged DL coverage for legacy eMBB users. Therefore it is likely that NCD-SSB TX power is smaller than CD-SSB due to total transmit power limitation. If the SSB TX power is different between CD-SSB and NCD-SSB, the DL coverage UE observed for the same cell is different. It is somewhat odd and not expected from network deployment perspective.
In addition, how to handle the L3 measurement results based on different SSB transmit power of serving cell is also an issue worth careful consideration.
QCL and block index: it is in the scope of RAN1, and can be same or different depending on RAN1 conclusion.

Question 5:
Option 3. Considering the RS overhead and power consumption of introducing NCD-SSB, the periodicity of NCD-SSB is supposed to be longer than CD-SSB.

Question 6-1:
Option 1. It is feasible to use CSI-RS based measurement. In RAN4, CSI-RS based L3 measurement requirements are specified in R-16. If CD-SSB is not transmitted in non-initial DL BWP of RedCap UE, and the CSI-RS resources are configured for mobility measurement, UE can perform CSI-RS based L3 measurement, if UE has capability of supporting CSI-RS based L3 measurement. Although in current spec, there is timing limitation between serving cell and neighbor cell for CSI-RS based measurement, if the time difference exceeds the limitation, multiple FFT capable UE can also perform CSI-RS based measurement as well.

Question 6-2:
Option 1. The question is ask if it is feasible. It definitely feasible, as it is supported in RAN4 that if to-be-measured SSB is out of the active BWP, UE can perform measurement by using gaps (with RF retuning).
The question is ask if it is feasible. It definitely feasible, as it is already supported in RAN4 gap based measurement and at least pattern 0 and 1 are mandatory. 

Question 7:
Option 1. The question is ask if it is feasible. It definitely feasible, as it is already supported in RAN4 gap based measurement and at least pattern 0 and 1 are mandatory. 

Question 8:
The above question shall be clarified.

	Samsung
	Question 1: 
- Based on the agreement achieved in Tuesday GTW, the remaining FFS is included for “specific conditions when it is feasible to sue NCD-SSB”, and we would like to provide more views for the remaining discussion on this “FFS”: 
    From our understanding, the following conditions shall be given (accompanying with the conclusion of “feasible” in main bullet) in RAN4 reply LS: 
             -- Condition-1: NCD-SSB is ‘QCL’-ed with CD-SSB
             -- Condition-2: NCD-SSB is transmitted by UE’s serving cell with the same SCS
             -- Condition-3 (newly added): Neighboring cell’s NCD-SSB shall be placed to collide with serving cells’ NCD-SSB, if neighboring cell measurement is of necessity. 
For the condition of the same power level, we are not quite sure if both CD-SSB and NCD-SSB are both power boosted, is there any feasibility issue for gNB TX? It is questionable only RRM session can answer this or not. 

Question-2: 
Option 2. 

Question-4: 
For periodicity, the tentative agreement is okay. 
For TX power of NCD-SSB: 
· For whether or not different power is used for NCD-SSB from CD-SSB, from measurement perspective, we can confirm it can be different or same. 
· But we should also like to know what is the benefits from having different TX power? RAN4 should give the information that if the same TX power is used, it helps to facilitate the simpler UE implementation. We agree with some other companies that this benefit should be mentioned in reply LS. 

Question-5: RAN4 discuss the conditions in Q1’s reply firstly, and those condition should be considered for configuration limitations for NCD-SSB. 

Question-6: 
Question 6-1: is CSI-RS a feasible alternative?
· We suggest the group to more focus on the question itself, i.e., feasibility or not. 
· UE’s optional feature of CSI-RS is not needed to be considered here, because this information is well known to RAN1, while RAN1 is more interested on physical feasibility from RAN4’s answer. 
· For sync problem mentioned by some companies, we don’t believe it is a problem. Like NB-IoT UE, it can still retune to CD-SSB for sync, and from the question itself, RAN1 don’t preclude the possibility of retuning for sync. 
· For SSB should be present for CSI-RS’s QCL source, it is better to be explained by RAN1. 
With the above consideration, the positive “feasible” feedback should be provided. 
Question 6-2: is RF retuning a feasible alternative?
· As mentioned in above, we don’t see any feasibility issue for RF retuning. Otherwise, how NB-IoT UE and eMTC UE works?
· The positive answer to confirm the “feasibility” of RF retuning should be provided. 

Question 7: Similar to Q6-1, the question is about feasibility, so the positive answer to confirm the “feasibility” should be provided. RAN1 is asking “feasibility” rather than companies’ preference. 


	Ericsson
	Additional comments based on GTW discussions:
Question 1:
The conditions that were brought up related to neighbor cell measurements can be captured in the WF for further RAN4 investigations. It is not necessary to be included in the LS response. We don't think any other conditions are needed from the RRM measurements perspective.  
Question 2:
We think option 1 may also work since it might also be possible for the NW to signal a direct QCL relation between the NCD-SSB and the other reference signals.
Question 4:
The tentative agreement is agreeable to us. No need to state in the LS what the benefits are when Tx power are same or different as it is up to NW configuration.

	vivo
	Q1:
Share the same view with Ericsson that for Q1, RAN4 can answer feasibility issue on the top level in the LS and leave other details for further RAN4 study. 
Q6-1:
We would like to add the following extra information for Q6-1:
For the timing requirement, for the UE to meet the initial transmission timing requirements, SSB is still required based on the following specs hence CSI-RS is not a fully alternative for SSB at this scenario. 

For the active TCI state switching delay requirements, both the knowing conditions of TCI state and MAC-CE/RRC based TCI switch delay requirements depend on SSB for fine time/frequency synchronization. 
In addition, for CSI-RS based RRM measurement, associated SSB is still needed.    
Q6-2:
we note Q6-2’s scenario assumes a different approach compared with legacy solutions. Basically, for serving cell measurements like RRM, RLM, BFD, link recovery, etc, it is always expected these measurements can be done without any RF retuning in legacy system design. If all these actions are realized based on RF retuning, the amount of RF retuning could be very high due to the nature of serving cell measurement and the following shortcoming can be observed:
 1. UE power consumption will be significantly increased due to frequently RF retuning; 
 2. The overhead of the interruption could be quite large. 
 3. New UE behaviour and requirements need to be specified, especially for UE downlink/uplink timing.
Actually whether the timing can even be maintained is questionable when considering RRM measurement on other frequency layer may also needs to done at the same time.
Q7:
Regarding Q7, if a NCD-SSB with large periodicity is configured, but a UE still needs CD-SSB to fullfill related functions, it is not clear what is the use case. From RAN4 perspective, the principle of using NCD-SSB for the UE with reduced capability is when NCD-SSB is configured, the NCD-SSB works like CD-SSB and CD-SSB-based actions could be based on NCD-SSB. 
We agre with the observation from option 3 that it is not a desirable alternative and we prefer to further check with RAN1 on the user case. 

	Huawei
	Additional comments based on GTW discussion:
We made some revisions on the tentative agreement (yellow light part)
· Tentative agreements
· Periodicities of NCD-SSB are up to gNB configuration and can be same or different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
· Periodicities of NCD-SSB are not less than those of CD-SSB
· TX power of NCD-SSB may be same or different from those of CD-SSB
If TX power is different, then UE needs to be informed on the power difference between NCD-SSB and CD-SSB
The follow aspects are lack of sufficient evaluation and discussion in RAN4:
- if both CD-SSB and NCD-SSB are power boosted, whether there is feasibility issue for gNB TX;
-RSRP accuracy impact based on NCD-SSB with different Tx power/periodicity
-inter-cell interference among serving cell and non-serving cells

	Nokia
	Question 1: Option 1. Aspects mentioned in option 2 are valid and need to be addressed. 
Question 2: Option 2.
Question 4: Option 2 and Option 6. Our preference is to specify support for longer or equal periodicities for NCD-SSB vs. CD-SSB. We see also a need for the same SCS and use preferably the same power level of NCD-SSB as for CD-SSB. The case of CD-SSB power boosting in the serving cell should be considered separately and can be based on the assumption of different power levels for CD-SSB and NCD-SSB with Tx power difference being signaled. 
Question 5: We support Options 1 and 3. We should not introduce limitations in the channel raster for NCD-SSB. Regarding frequency location, we think the frequency locations of CD-SSB and NCD-SSB should not overlap in frequency, otherwise there is impact to legacy non-RedCap devices. We note that the frequency location aspect is not mentioned in any of the listed options.
Question 6-1: Option 2. The CSI-RS measurement feature (Rel-16) must be supported by the UE for this, which does not have market penetration right now. Furthermore, limitations in applicability of periodic CSI-RS measurements have been elaborated in R4-2119055 related to misaligned or non-detected associated SSB, so we do not see this as feasible alternative.
Question 6-2: Option 1. It is feasible (but maybe not desirable). To clarify it is not desirable provided there is significant retuning delay which will frequently appear due to the assumption that RedCap UE can be a wearable with mobility hence mobility requirements are different to those for a low mobility device. 
Question 7: Option 1. It is feasible and retuning delay may be lowered to reduce the impact on scheduling availability of the RedCap UE.
Question 8: Option 2. We do not observe further impacts.

	MediaTek
	Additional comments for the tentative agreements: 
· Tentative agreements
· Periodicities of NCD-SSB can be same or different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
· MTK: 
· If the NCD-SSB is used for Sync purpose then the periodicity should be no longer than 20 ms, otherwise TRS signal is needed to support for sync purpose.
· For RRM/RLM measurements there is no limitations.
· TX power of NCD-SSB can be same or different from those of CD-SSB
· MTK: Our preference is to have the same power so the measurements samples obtained from CD-SSB can be reused for the non-initial BWP with NCD-SSB. 
· If TX power is different, then UE needs to be informed on the power difference between NCD-SSB and CD-SSB
· MTK: this is agreeable. 

Regarding Huawei response: 
The follow aspects are lack of sufficient evaluation and discussion in RAN4:
- if both CD-SSB and NCD-SSB are power boosted, whether there is feasibility issue for gNB TX;
-RSRP accuracy impact based on NCD-SSB with different Tx power/periodicity
-inter-cell interference among serving cell and non-serving cells
MTK: These are not specs matters, it seems to us these are NW implementation issues and can be handled by the NW. 



CRs/TPs comments collection
Moderator: There is no CR / TP submitted.
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Question 1
	· Agreements
· It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
· FFS for specific conditions when it is feasible to use NCD-SSB
· It is RAN4 understanding that NCD-SSB measurements support may require additional signalling which is up to RAN2
Recommendations for 2nd round: According to the 1st round discussion, the moderator suggests to discuss what are the specific conditions. Consider the following:
Condition 1: NCD-SSB is ‘QCL’-ed with CD-SSB
Condition 2: NCD-SSB is transmitted by UE’s serving cell with the same SCS
Condition 3: Neighboring cell’s NCD-SSB shall be placed to collide with serving cells’ NCD-SSB, if neighboring cell measurement is of necessity.
Other options are not precluded.

	Question 2
	Options: 
· Option 1: Yes
· Option 2: Yes, if it is fully QCL’ed with the CD-SSB of UE’s serving cell. 
· Option 3: As lack of sufficient information from RAN1, it is difficult for RAN4 to answer this question at current stage.
Recommendations for 2nd round: Most companies support Option 2. Some companies mentioned that the QCL condition in Option 2 may not be needed since the network can also configure a direct QCL relation between the NCD-SSB and the other reference signals. Suggest to resolve this technical issue.
Some companies also suggested that more RAN1 input is needed, the moderator suggests to put in the LS that “Based on the given information from RAN1 and current RAN4 understanding, .....” to address this concern. Or, does the proponent of Option 3 have a specific question to ask in the reply LS?

	Question 4
	Tentative agreements (reached during GTW session)
· Periodicities of NCD-SSB can be same or different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
· TX power of NCD-SSB can be same or different from those of CD-SSB
· If TX power is different, then UE needs to be informed on the power difference between NCD-SSB and CD-SSB

Tentative agreements (reflected by 1st round email discussion)
SSB indexes of CD-SSB and NCD-SSB can be the same.

Recommendations for 2nd round: Finalize on the periodicity and SSB index assumption using the tentative agreement as baseline. For Tx power, further discuss 1) whether same or different power can be supported, what are the benefits / drawbacks / impacts to legacy system 2) what information needs to be included in the LS.

	Question 5
	Options:
Option 1: No limitation for NCD-SSB is necessary, up to the network. (Ericsson, CMCC, vivo)
Option 2: NCD-SSB should be configured off sync raster. (ZTE, Qualcomm, Apple, Intel, vivo, MTK)
Option 2a: NCD-SSB should be configured off sync raster and with the same subcarrier spacing, same PCI and same ssb-PositionsInBurst as the CD-SSB. (Qualcomm, Apple, Intel, Xiaomi, vivo, OPPO)
Option 3: The periodicity of NCD-SSB may be supposed to be longer than CD-SSB. (Huawei, Qualcomm, vivo, Apple, vivo, Xiaomi, OPPO)
Option 4: A good rule for it can be max{20ms, periodicity of CD-SSB}. (Qualcomm, Apple, vivo)
Option 5: The carrier center frequency and SSB bandwidth (NCD-SSB and CD-SSB BW) are not overlapped. (MTK)
Option 6: If NCD-SSB is used for synchronization: a maximum period of 20 ms. (MTK)

Recommendations for 2nd round: Options getting most support are Option 2 / 2a and 3. Check if we can converge. 

	Question 6-1
	Option 1: CSI-RS is a feasible alternative. (ZTE, Huawei, CMCC, Samsung)
Option 1a: CSI-RS is not a desirable alternative. (Intel)
Option 2: CSI-RS is not a feasible alternative. (Ericsson, Apple, Qualcomm, Xiaomi, vivo, OPPO, MTK, Nokia)
Recommendations for 2nd round: Continue discussions.

	Question 6-2
	Option 1: RF retuning is a feasible alternative. (ZTE, Huawei, CMCC, Xiaomi, Samsung, Nokia)
Option 1a: RF retuning is not a desirable alternative. (Ericsson, Apple, Qualcomm, vivo, OPPO, MTK, [Nokia])
Recommendations for 2nd round: The answer “feasible” to be provided in the LS. FFS whether to include the negative impacts / unwanted problems.

	Question 7
	Option 1: Yes, feasible. (ZTE, Apple, Qualcomm, Intel, CMCC, Xiaomi, MTK, Huawei, Samsung, Nokia)
Option 1a: Not a desirable alternative due to negative impact on performance. (Apple, Qualcomm, OPPO, MTK)
Option 2: It is not clear to RAN4 about the use case, clarification is needed. (vivo)
Option 3 (new): Some assumptions are needed on the relation between NCD-SSB and CD-SSB to answer this question. (Ericsson)
Recommendations for 2nd round: The answer “feasible” to be provided in the LS. FFS whether to include the negative impacts / unwanted problems. To supporters of Option 2, can any specific questions to be proposed? To Option 3: Can you suggest specific content to be put into LS if necessary?

	Question 8
	Option 1: The above question shall be clarified. (moderator note: meaning questions 1~7) (Huawei)
Option 2: No other impacts. (Apple, Qualcomm, Intel, Xiaomi, vivo, Nokia)
Option 3: Either same or different Tx power will cause problems. (ZTE)
Recommendations for 2nd round: Suggest to clarify Questions 1~7 and only cover unaddressed issues here. Option 3 can be covered in Question 4.



Discussion on 2nd round (if applicable)
Open issues 
	Company
	Comments

	
	

	
	




Reply to RAN2 LS on capability related RAN2 agreements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2118691
	Ericsson
	There are no Rel-15 and/or Rel-16 UE features or capabilities which should not be applicable for RedCap UEs from RAN4 UE demodulation requirement perspective.

	R4-2118922
	ZTE Corporation
	Observation 1: In the WF (R4-2115358) from RAN4 100-e meeting, it is clear that V2X is not supported and all feature combinations are assumed not supported.
Proposal 1: Reply to the RAN2 LS [1] using our previous conclusions captured in the WF [2] (R4-2115358).

	R4-2119060
	Ericsson
		Rel-15/Rel-16 features in TS 38.133 
	RedCap RRM requirements applicability in R17

	Unlicensed operation (shared spectrum access)
	Not applicable

	Minimization of Drive Tests (MDT)
	Not applicable

	2-step RA
	Applicable

	Cross-Link Interference measurements
	Not applicable

	L1-SINR measurement reporting
	Not applicable

	NR measurements for positioning
	Not applicable

	CSI-RS based L3 measurements
	Not applicable

	NR measurements with autonomous gaps
	Applicable

	V2X requirements
	No specification work

	Measurement performance requirements for NR gNB
	Not applicable

	Rel-17 features in TS 38.133
	

	SDT
	Applicable




	R4-2119396
	Nokia, Nokia Shanghai Bell
	The following proposals are made.
1. RAN4 to evaluate which RRM related features should not be combined with RedCap.
RAN4 to raise to RAN2, why NR-DC is not mentioned to not be supported for a RedCap UE.
CHO related capabilities should not be applicable for RedCap UE, unless the benefit is justified. 
RAN4 to raise to RAN2, that Inter-RAT mobility to 2G/3G is not supported for a RedCap UE.
RAN4 to raise to RAN2, that V2X is not supported for a RedCap UE.
RAN4 to discuss the combination of RedCap and NR-U features and raise it to RAN2 in case NR-U is not supported for a RedCap UE.
Proposal 7:	RAN4 to discuss the combination of RedCap and eMTC / NB-IoT features and include this aspect in the reply to RAN2. 

	R4-2119255
	Apple
	Proposal 1: all CA or DC related features are not applicable for RedCap UE in R17
Proposal 2: from RAN4 perspective, do not need to directly preclude any UE capability for RedCap UE except those CA or DC related features, but RAN4 could clarify that RAN4 would by default not define R16 feature related requirement for RedCap UE unless justified. 
Proposal 3: reply RAN2 LS as above.



Open issues summary
Sub-topic 1-1 Answer to question whether RLM and RRM will be impacted for legacy UEs
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1: What features are not applicable for RedCap
· Proposals
· Option 1: V2X. All feature combinations shall be assumed not applicable according to previous RAN4 WF R4-2115358. (ZTE)
· Option 2: NR-U, MDT, CLI, L1-SINR measurement reporting, Positioning, CSI-RS based L3 measurement, performance requirements for NR gNB. (Ericsson)
· Option 3: NR-U, SUL. (ZTE)
· Option 4: Conditional HO, Inter-RAT mobility to 2G/3G, V2X. (Nokia)
· Option 5: All CA and DC related features. (Apple)
· Option 5a: Don’t preclude features other than CA/DC, but clarify that RAN4 would by default not define R16 feature related requirement for RedCap UE unless justified. (Apple)
· Recommended WF
· Discussions are needed. Note: the options are not mutually exclusive. Based on previous WF and current options, moderator suggests to check if the following is agreeable: Exclude NR-U, MDT, CLI, L1-SINR measurement reporting, Positioning, CSI-RS based L3 measurement, performance requirements for NR gNB, SUL, V2X, All CA and DC related features, Conditional HO, Inter-RAT mobility to 2G/3G. Also inform RAN2 on our previous agreement that “All feature combinations shall be assumed not applicable unless justified according to previous RAN4 WF R4-2115358.”.

Issue 2-2: What features should be applicable for RedCap
· Proposals
· Option 1: All features can be supported from demodulation perspective. (Ericsson)
· Option 2: eMTC / NB-IoT. (Nokia) (Moderator Note: there was RAN4 agreement that “No need to consider LTE cat-M1 or NB-IoT for RedCap in TS 36.133.”)
· Option 3: 2-step RA, NR measurements with autonomous gaps, small data transmission. (Ericsson)
· Option 4: Both 2-step and 4-step RA. (CMCC)
· Recommended WF
· Discussions are needed. Note: the options are not mutually exclusive. Moderator suggests to check if the following is agreeable: support 2-step RA, NR measurements with autonomous gaps, small data transmission.

Issue 2-3: Extra info to be included in the reply LS
· Proposals
· Option 1: Why NR-DC is not mentioned to not be supported for a RedCap UE? (Nokia)
· Recommended WF
Discussions are needed.

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Issue 2-1：
Issue 2-2：
Issue 2-3：

	Ericsson
	Issue 2-1: What features are not applicable for RedCap
We support option 2. R17 time frame is quite limited, and there is enormous work in RRM to be completed in R17 since most requirements are affected and new requirements needed due to 1 Rx, and therefore RAN4 does not have enough time to develop (mostly 1 Rx) requirements for all R-16 features in R17. 
In addition to the features listed in option 2, we also have following view:
About inter-RAT mobility to 2G/3G: it is already agreed in RAN4 to not support it in R17 and this information should also be included in LS response.  
About conditional HO (CHO), our understanding is that CHO is FFS in RAN2 and thus no need to state it in LS response.
About CA and DC features, it is already clear from WID and it is already agreed in RAN4 to not support CA/DC features in R17 RedCap. We are fine to include this information in the LS response. 
 
Issue 2-2: What features should be applicable for RedCap
We would like to clarify option 1, i.e. all features can be supported from demodulation perspective provided that dedicated RedCap requirements are defined. This means the existing demodulation requirements cannot be applicable for RedCap UEs. RAN4 may need to define dedicated requirements are specified for RedCap in R17 and this may have specification impact. 
We support option 1, also 2-step RA, CGI reading and SDT, as explained below. 
About option 2 on eMTC/NB-IoT, we share same view as moderator. No need to discuss the list of R15/16 LTE features to support in R17 RedCap RRM.
About 2-step RA, 2-step RA was introduced in R16 and RedCap UEs can benefit from it when operating in good coverage. We don’t think there is any significant effort to make 2-step RA work for RedCap. 
About NR measurement with autonomous gaps (CGI reading), operators may benefit from it as it is a useful tool for the operators to acquire the CGI of a target cells which are used for ANR purposes. The additional complexity that comes with this feature is quite limited and this feature can be therefore be supported for RedCap. It is also noted that CGI reading is supported in LTE cat-M. Therefore we would like to support CGI reading in R17 RedCap.
About small data transmission (SDT): in our view SDT and RedCap go hand in hand and we would like to support it. Although SDT is a R17 features, it is expected that the fundamental requirements are going to be similar for 1 Rx and 2 Rx, only minor impact is expected due to 1 Rx based on learning from PUR requirements in LTE. Thus we think SDT can be supported in R17 RedCap. For instance, the use case of RedCap can be different from the legacy NR use cases, and the RedCap UEs may have different types of data traffic and services, such as transmission of small data such as in instant messaging etc. There is a similar feature aka PUR also supported for cat-M and NB-IoT in LTE.
Issue 2-3: Extra info to be included in the reply LS
It is clear from the WID that only single carrier operation is supported in R17 RedCap. Thus we don’t understand the intention of option 1. 

	ZTE
	Issue 2-1: What features are not applicable for RedCap
Support Option 1 to 5. 
Issue 2-2: What features should be applicable for RedCap
Support Option 3, “2-step RA, NR measurements with autonomous gaps, small data transmission.”
Issue 2-3: Extra info to be included in the reply LS
 Don’t think we need to include this.

	Apple
	Issue 2-1: What features are not applicable for RedCap
Option 5 and 5a. Like V2X and NR-U discussion for RedCap in last RANP meeting, the specification will not contain any explicit restriction to prevent implementation of RedCap UEs with these features. RAN4 could clarify which requirement would not be defined in R17 rather than precluding features. CA/DC related features are explicitly precluded in WID, and therefore we could mention it in the reply LS.
 
Issue 2-2: What features should be applicable for RedCap
Need to discuss on issue 2-1 first on whether we need to preclude certain feature or preclude certain RAN4 requirement design. To us, 2-step-RA and small data transmission might be the features to have requirements for R17 RedCap, but those requirements could be discussed after we finalize the fundamental RRM requirement for RedCap UE as agreed in previous WF.
Option 5:
RRM requirements for RedCap UE with 2-step RA and small data transmission could be discussed after finalizing the fundamental RRM requirement for RedCap.
Issue 2-3: Extra info to be included in the reply LS
Option1 is not needed as single carrier is assumed for RedCap in WID as below:
This WI focuses on SA mode and single connectivity with operation in a single band at a time.

	Qualcomm
	Issue 2-1: What features are not applicable for RedCap
Support Option 5 and 5a.
Anything that is not impacted by CA/DC cannot be precluded. Regarding V2X and NR-U, it was agreed in RAN plenary that a UE is not precluded from implementing these features, although RAN4 is not required to develop dedicated requirements to support these features. We think the same methodology should apply to all R16 features.
We can mention the following the not applicable:
1. CA/DC related features
2. Inter-RAT mobility to 2G/3G

Issue 2-2: What features should be applicable for RedCap
We think NR-U, V2X, 2 step RA, small data transmissions are useful for RedCap and should be applicable. That being said, other R16 features are not precluded.

	CMCC
	Issue 2-1: What features are not applicable for RedCap
Option 4 and Option 5. 
For option 2, we don’t understand why MDT L1-SINR and CSI-RS based mobility is not supported by RedCap UE. 
For V2X, NR-U, SUL, RAN plenary already had clear guidance. No need to discuss whether to support or not. We just don’t need to specify additional requirements in order to support for RedCap UE.
And a general comments, we may should only say that RAN4 will not specify the requirements for XXX features instead of saying XXX features are not applicable.
Issue 2-2: What features should be applicable for RedCap
Option 2, option 3, option4.
Issue 2-3: Extra info to be included in the reply LS
Single carrier is a basic assumption for RedCap UE. Don’t need to consider NR DC. 


	OPPO
	Issue 2-1: What features are not applicable for RedCap
Option 5 and 5a. CA/DC related features are explicitly precluded in WID. FFS V2X and NR-U for RedCap, which RAN4 can clarify in R17.
 
Issue 2-2: What features should be applicable for RedCap
Open to option 3, which can be baseline for further discussion.

	MediaTek
	Issue 2-1: What features are not applicable for RedCap
Don’t support the following features for RedCap: V2X, NR-U, and all related CA and DC features.

	Huawei
	Issue 2-1: What features are not applicable for RedCap
Option 5 and 5a. It is agreed in RAN meeting, V2X, NR-U and SUL are supportive for RedCap without any spec change/addition [RP-212634].  CA and DC related features are explicitly precluded in RedCap WI. 
Positioning is a useful functionality for RedCap UE. Thus it shall not be precluded. 
Issue 2-2: What features should be applicable for RedCap
Need clarification on the question. Does it mean the features are mandatory supported for Redcap? Or the optional capability is not changed? 
Issue 2-3: Extra info to be included in the reply LS
As RedCap WI stated: This WI focuses on SA mode and single connectivity with operation in a single band at a time.

	Ericsson
	Issue 2-1: What features are not applicable for RedCap:
To Apple/Qualcomm:
We agree that the LS response should list the features for which RAN4 RRM requirements do not apply in Rel-17 for RedCap. To emphasize this, we used following wording in our draft LS: "RedCap RRM requirements applicability in R17"
The problem with 5a is that it is very high-level. We need to be more specific and list the features for which RAN4 RRM requirement will not apply. That is important for other WGs to know since typically RAN2 procedures/signalling are often quite generic, and it is important to understand for which features RAN4 will develop RRM requirements.
To CMCC:
Intention with option 2 is to not support MDT, L1-SINR or CSI-RS based L3 for RedCap. We don't want to exclude these features. However, given the limited time frame we have to conclude the RedCap RRM requirements (which affects almost all RRM procedures), our intention is to not develop requirements for these features in Rel-17. In Rel-17, RAN4 should focus on developing the core functionality for RedCap first and additional enhancements can be introduced at later stage.
We are fine with the suggested wording that, "RAN4 will not specify the requirements for XXX features". 
Regarding V2X, NR-U, SUL: we agree with CMCC that there is no need to discuss these separately and RAN4 can simply follow the RAN plenary agreement. Regarding positioning, we agree that it is an important and useful feature. However, it is not in the scope of Rel-17 WID.
Issue 2-2: What features should be applicable for RedCap:
From RRM perspective, we support option 3 and 4. 
As explained in our paper, although SDT is Rel-17 feature we think it very related to RedCap, and most of the work to be carried in SDT can be directly reused for RedCap (based on LTE PUR experience).
Also 2-step RA can be especially useful for RedCap and existing requirements can be reused without any significant additional work.
To HW: the intention is to provide feedback from RAN4 RRM perspective whether RAN4 RRM requirements will be developed for these features in Rel-17 RedCap. It is not related to whether it is mandatory for UE to support these. 
Regarding option 2, we agree with the quoted text that requirements will not be developed to support mobility to eMTC/NB-IOT in Rel-17 RedCap.

	vivo
	Issue 2-1: What features are not applicable for RedCap
OK with option 5a. As discussed at GTW meeting, there was agreement at the RAN plenary meeting. Basically the following items are supported 
1. RedCap UEs also supporting V2X/PC5 on n47 
2. RedCap UEs operating in unlicensed bands
3. RedCap UEs supporting SUL 
without any spec change/addition. This agreements should be followed.

Issue 2-2: What features should be applicable for RedCap
Same as HW, need clarification on the question. 
Issue 2-3: Extra info to be included in the reply LS
Same view as Ericsson, CMCC, single carrier operation is supported in R17 RedCap.


	Nokia
	Issue 2-1: Option 4 (leaving CHO FFS) and Option 5 should be a starting point, as we agreed them in last meeting. Option 2 highlights more features to be excluded from allowing specification impact. We think this list is reasonable given the targeted complexity reduction and Rel-17 timeline, if applied on top of options 4 and 5.
Issue 2-2: We support option 3 regarding the combination with other RRM features. Specifically, on the combination with eMTC/NB-IoT we propose to revisit this issue in the next RAN4 meeting and to inform RAN2 in the foreseen reply LS that this issue is still open from RAN4 point of view. 
Issue 2-3: In our view, it is sufficient to provide clarification in the LS, that according to WID any CA or DC configuration is not supported by the RedCap UE.



CRs/TPs comments collection
Moderator: There is no CR / TP submitted.
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 2-1 What features are not applicable for RedCap
	· Option 1: V2X. All feature combinations shall be assumed not applicable according to previous RAN4 WF R4-2115358. (ZTE, MTK)
· Option 2: NR-U, MDT, CLI, L1-SINR measurement reporting, Positioning, CSI-RS based L3 measurement, performance requirements for NR gNB. (Ericsson, ZTE, Nokia)
· Option 3: NR-U, SUL. (ZTE, Ericsson)
· Option 4: Inter-RAT mobility to 2G/3G, V2X. (Nokia, ZTE, Ericsson, QC, CMCC)
·          Option 4a: and Conditional HO (ZTE, CMCC)
· Option 5: All CA and DC related features. (Apple, ZTE, Ericsson, QC, CMCC, OPPO, MTK, Huawei, vivo, Nokia)
· Option 5a: Don’t preclude features other than CA/DC, but clarify that RAN4 would by default not define R16 feature related requirement for RedCap UE unless justified. (Apple, QC, OPPO, Huawei, vivo)
Option 6: NR-U (MTK)
Recommendations for 2nd round: Companies are encouraged to continue discussion using a separate email thread for the draft LS directly.

	Issue 2-2 What features shall be supported
	· Option 1: All features can be supported from demodulation perspective. (Ericsson)
· Option 2: eMTC / NB-IoT. (Nokia, CMCC) (Moderator Note: there was RAN4 agreement that “No need to consider LTE cat-M1 or NB-IoT for RedCap in TS 36.133.”)
· Option 3: 2-step RA, NR measurements with autonomous gaps, small data transmission. (Ericsson, ZTE, CMCC, OPPO, Nokia)
· Option 4: Both 2-step and 4-step RA. (CMCC, Ericsson, ZTE)
· Option 5: NR-U, V2X, 2 step RA, small data transmissions (QC)
· Option 6: Clarification is needed. (Huawei, vivo)

Recommendations for 2nd round: Companies are encouraged to continue discussion using a separate email thread for the draft LS directly. Option 4 can be merged into Option 3.

	Issue 2-3
	Tentative agreement: Clarify in the LS that this WI (RedCap) focuses on SA mode and single connectivity with operation in a single band at a time.
Recommendations for 2nd round: No need to further discuss.





Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	Reply LS on capability related assumptions for RedCap
	Ericsson
	

	Replay LS on the use of NCD-SSB for RedCap UE
	ZTE Corporation
	

	WF on the use of NCD-SSB for RedCap UE
	ZTE Corporation
	In case not needed, it will be suggested to be withdrawn.

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2119559
	Use of NCD-SSB for Reduced Capability UE
	Qualcomm Incorporated
	Noted
	

	R4-2117717
	Replay LS on use of NCD-SSB instead of CD-SSB for RedCap UE
	CMCC
	Noted
	

	R4-2117806
	Considerations on use of NCD-SSB instead of CD-SSB for RedCap UE
	Vivo
	Noted
	

	R4-2118822
	Reply LS on use of NCD-SSB instead of CD-SSB for RedCap UE
	Huawei
	Noted
	

	R4-2118691
	UE demodulation impact with RedCap UE capability
	Ericsson
	Noted
	

	R4-2118922
	reply LS on capability related assumptions for RedCap
	ZTE Corporation
	Noted
	

	R4-2119060
	RRM Discussions on RedCap UE capabilities
	Ericsson
	Noted
	

	R4-2119396
	On general RRM requirements and UE capabilities for RedCap
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2119255
	On reply LS about capability related RAN2 agreements for RedCap
	Apple
	Noted
	

	R4-2119055
	Discussions on general requirements for RedCap
	Ericsson
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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	ZTE Corporation
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	Richie.leo@zte.com.cn

	Apple
	Jie Cui
	Jie_cui@apple.com

	Qualcomm
	Prashant Sharma
	prasshar@qti.qualcomm.com

	OPPO
	Roy HU
	hurongyi@oppo.com

	Samsung
	Jackson Wang
	h0809.wang@samsung.com

	Ericsson
	Santhan Thangarasa
	Santhan.thangarasa@ericsson.com

	Vivo
	Xusheng wei
	Xusheng.wei@vivo.com

	Nokia
	Juergen Hofmann
	juergen.hofmann@nokia.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)

