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Introduction
This discussion covers the documents submitted under AIs - 8.16.7.1, 8.16.7.2
RRM issues on the WI NR_ext_to_71_GHz were first discussed during RAN4#99e (WF: R4-2108354, Summary: R4-2108405) where the impact on RRM requirements was discussed on a higher level. In RAN4#99e, the impact of higher SCS(480/960 kHz) on RRM requirements was discussed in details. The detailed discussion could be found in the email discussion summary documents – R4-2115405 and R4-2115406, and the agreements were captured in the WFs - R4-2115351 and R4-2115352. In this meeting, we further discuss the impact of higher SCS (480/960kHz) on the RRM requirements listed below.

No CR/TPs are treated during this meeting
A topic/issue proposed for discussion in: GTW session 1
Agreements from the first round of email discussion
Agreements from GTW session
Agreements from second round of email discussion

List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: The following list of open issues was identified, based on the contributions, for the 1st round
· General
· Deployment scenarios
· RX beam sweeping scaling factor
· CGI identification and SFTD measurements
· CR split
· Scheduling restrictions
· Beam switching aspects
· Synchronization aspects
· Timing requirements
· UE transmit timing error
· Timing advance
· MTTD/MRTD
· Measurement procedures
· Measurement capability
· Cell detection
· PBCH detection for SSB index identification
· SSB measurements
· LBT operation
· Candidate SSB positions
· LBT impact on RRM requirements
· 2nd round: The following list of open issues was identified, based on the comments from the 1st round
· General
· Deployment scenarios
· CGI identification and SFTD measurements
· CR split
· Scheduling restrictions
· Synchronization aspects
· Timing requirements
· UE transmit timing error
· Timing advance
· MTTD/MRTD
· Measurement procedures
· Cell detection
· PBCH detection for SSB index identification
· SSB measurements

Topic #1: General
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117310
	CATT
	Observations 1: For FR2-2, it is necessary to judge whether the current number of Rx beams can meet the basic coverage requirements. If necessary, a system level simulation (SLS) could be introduced.
Proposal 1: For common scenarios, the RX beam scanning scaling factor in FR2-1 is reused. 
· For other typical scenarios, whether to add a new scaling factor is discussed separately, such as those with strict delay requirements or coverage requirements.

	R4-2117774
	Vivo
	Proposal 1: Rx beam sweeping scaling factor should be considered until there is specific conclusion for antenna element numbers.
Proposal 6: RAN4 may need to study whether the feature of CGI identification and SFTD measurement needs to be supported for FR2-2.
Proposal 7: If the feature of CGI identification and SFTD measurement is supported for FR2-2, RAN4 need to study whether the new requirements need to be defined for FR2-2 compared with FR2-1.

	R4- 2117838
	LGE
	[bookmark: _Hlk86252788]Proposal 1: To clarify the scope of RRM, RRM requirements for Ext_to_71GHz should be defined for the scenarios below in Rel-17.
· FR2-2 single carrier and CA in SA
· FR1+FR2-2 CA (FR1 is PCell)
· FR1+FR2-2 DC (FR1 is PCell)
· Other scenarios are precluded in Rel-17.
Proposal 2: Consider following Alts depending on RF session’s conclusion to make better progress of RRM requirements
· Alt1: Define a new scaling factor for Rx beam sweeping for FR2-2 if a larger antenna array assumption than FR2-1 is considered in the RF session.
· Alt2: Reuse scaling factor for Rx beam sweeping of FR2-1 for FR2-2 if the same antenna array assumption is considered in the RF session.
· Alt3: Define multiple scaling factors for Rx beam sweeping for FR2-2 if multiple antenna array assumptions are considered in the RF session.


	R4-2118029
	Intel
	Proposal 2: The following list of Draft CRs to be prepared by RAN4 is proposed:
· Draft CR for timing requirements for FR2-2
· Draft CR for interruption requirements for FR2-2
· Draft CR for active BWP switching delay requirements for FR2-2
· Draft CR for general measurement requirements for FR2-2
Additional Draft CR(s) should be considered based on the outcome of LBT discussion.

	R4-2118847
	Huawei
	Observation 1: The RX beam sweeping factor should be further discussed with more RF conclusion on antenna size assumption and power class.
Proposal 1: RAN4 to discuss whether deriveSSB_IndexFromCell can be assumed always enabled for FR2-2.



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: Deployment scenarios
Sub-topic description: Discussion on various deployment scenarios applicable to the WI and priorities, if any.
Open issues and candidate options before e-meeting:
Issue 1-1-1: Deployment scenarios
· Proposal 1 (LGE): To clarify the scope of RRM, RRM requirements for Ext_to_71GHz should be defined for the scenarios below in Rel-17.
· FR2-2 single carrier and CA in SA
· FR1+FR2-2 CA (FR1 is PCell)
· FR1+FR2-2 DC (FR1 is PCell)
· Other scenarios are precluded in Rel-17.
· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Intel
	Support Proposal 1

	LGE
	Support the proposal to clarify the scope of RRM requirements

	Nokia
	We support Proposal 1

	Ericsson
	Generally, it follows WF in last meeting but with new item ‘Other scenarios are precluded in Rel-17.’. 
We observed some discussions of requirements are based on combinations other than the options in the list. We shall limit number of scenarios in this moment, only complete those scenarios we believe are mostly possible.
A specific question is only one band in FR2-2 is available now regarding observation by some companies, shall CA in FR2-2 preclude inter-band case also?

	Apple
	Proposal 1 seems reasonable.

	vivo
	Support Proposal 1 according to the agreed deployment scenarios in the last meeting.

	MTK
	Fine with Proposal 1, whether to include FR2-2 inter-band CA should follow RF’s outcome.  

	Qualcomm
	Support proposal 1



Sub-topic 1-2: Rx beam sweeping scaling factor
Sub-topic description: Discussion on Rx beam sweeping scaling factor.
Open issues and candidate options before e-meeting:
Issue 1-2-1: Rx beam sweeping scaling factor
· Proposal 1 (CATT): For common scenarios, the RX beam scanning scaling factor in FR2-1 is reused. 
· For other typical scenarios, whether to add a new scaling factor is discussed separately, such as those with strict delay requirements or coverage requirements.
· Proposal 2 (Vivo): Rx beam sweeping scaling factor should be considered until there is specific conclusion for antenna element numbers.
· Proposal 3 (LGE): Consider following Alts depending on RF session’s conclusion to make better progress of RRM requirements
· Alt1: Define a new scaling factor for Rx beam sweeping for FR2-2 if a larger antenna array assumption than FR2-1 is considered in the RF session.
· Alt2: Reuse scaling factor for Rx beam sweeping of FR2-1 for FR2-2 if the same antenna array assumption is considered in the RF session.
· Alt3: Define multiple scaling factors for Rx beam sweeping for FR2-2 if multiple antenna array assumptions are considered in the RF session.
· Proposal 4 (Huawei): The RX beam sweeping factor should be further discussed with more RF conclusion on antenna size assumption and power class.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	CATT
	For FR2-2, we suggest to first consider whether the current number of receive beams could meet the basic coverage requirements in common scenarios and if it is necessary to modify the RX beam sweeping scaling factor. If necessary, a simple system-level-simulation (SLS) could be further introduced.

	Intel
	Agree in general with the baseline of Proposals 2,3 and 4 – need to wait for RF conclusion on the antenna array size

	LGE
	We agree to wait for the RF conclusion of the antenna size assumption. But to make better progress considering limited time, we need to discuss Alts in Proposal 3.

	Huawei
	Agree to wait for more RF input before RRM can further investigate the beam sweeping factor. 

	Nokia
	Agree to wait for RF. 

	Ericsson 
	In RRM session, we have not strong motivation to enhance RX beam sweeping number, it is RF session issue. We prefer to keep agreements in last meeting in RRM requirements discussion. 
Rx beam sweeping factor from FR2-1 can be used as a starting point for analysis

	Apple
	Agree to wait for RF session to reaches an agreement on antenna array size

	vivo
	Both Proposal 2 and Proposal 4. There is no clear conclusion on antenna element numbers and power class for FR2-2 so far.

	MTK
	Agree to wait for RF.

	Qualcomm
	Agree to wait for more conclusions from RF session

	CATT 2
	We also agree to first wait for the RF conclusion of the antenna size assumption, and we think that proposal2 and proposal4 can be combined. At the same time, we suggest to consider whether the current number of receive beams could meet the basic coverage requirements in common scenarios.  Finally, considering all factors, reconfirm whether it is necessary to modify the RX beam scanning scale factor.
At present, we prefer to use Rx beam sweeping factor from FR2-1 as a starting point for analysis



Sub-topic 1-3: CGI identification and SFTD measurements
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 1-3-1: Need for CGI identification and SFTD measurements for FR2-2
· Proposal 1 (Vivo): RAN4 may need to study whether the feature of CGI identification and SFTD measurement needs to be supported for FR2-2.
· If supported for FR2-2, discuss whether new requirements need to be defined for FR2-2 compared with FR2-1.
· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Huawei
	We think there is no justification that these legacy features are not supported by RAN1/2 discussion.

	Nokia
	We don’t see this as an essential feature for enabling FR2-2. Please clarify why this is needed.

	Ericsson
	Agree.

	vivo
	Support Proposal 1. RAN4 need to make it clear whether to support CGI identification and SFTD measurement for FR2-2. Meanwhile, this is related to the interruption requirements in [229].
If the above feature is supported for FR2-2, the new measurement and interruption requirements may need to be defined. 

	MTK
	Currently we don’t have CGI requirement in unlicensed band, which is also been considered in FR2-2. We think we can deprioritize this issue. 

	Qualcomm
	This can be de-prioritized.



Sub-topic 1-4: CR Split
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 1-4-1: CR split
· Proposal 1 (Intel): The following list of Draft CRs to be prepared by RAN4 is proposed:
· Draft CR for timing requirements for FR2-2
· Draft CR for interruption requirements for FR2-2
· Draft CR for active BWP switching delay requirements for FR2-2
· Draft CR for general measurement requirements for FR2-2
· Additional Draft CR(s) should be considered based on the outcome of LBT discussion.

· Recommended WF
· Discuss the proposal.
	Company
	Comments

	Intel
	The list in Proposal 1 reflects the AI split. Companies are welcome to comment if more detailed list should be considered

	Nokia
	Fine with Proposal 1. 

	Ericsson
	 We suggest getting alignment on how to implement FR2-2 parts with below concerns:
· Shall the cases be limited into list in Issue 1-1-1: Deployment scenarios_
· Where to use FR2_2 terminology, especially for NR-DC part if considering item1.

	Apple
	Proposal 1 is OK.

	vivo
	Agree with Proposal 1. In addition to the above, CR for intra-frequency and inter-frequency measurement for FR2-2 may need to be considered based on the outcome of Issue 4-2-1, Issue 4-3-1 and Issue 4-4-1.

	Qualcomm
	Fine with the proposal



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 

	Sub-topic #1-1
	Issue 1-1-1: Deployment scenarios
Companies’ views: 
All companies agree to the proposal. A follow up question on the applicability of inter-band CA requirements on FR2-2 was raised by one of the companies, which could be discussed in the second round
Tentative agreements:
To clarify the scope of RRM, RRM requirements for Ext_to_71GHz should be defined for the scenarios below in Rel-17.
· FR2-2 single carrier and CA in SA
· FR1+FR2-2 CA (FR1 is PCell)
· FR1+FR2-2 DC (FR1 is PCell)
· Other scenarios are precluded in Rel-17.

Candidate options:
Recommendations for 2nd round:
Further discussion on the applicability of inter-band CA requirements for FR2-2

	Sub-topic #1-2
	Issue 1-2-1: Rx beam sweeping scaling factor
Companies’ views:
This issue discussed whether new Rx beam sweeping scaling factor is needed for FR2-2. Most companies believe it depends on the discussion in RF session about the antenna array size and suggest waiting for a conclusion from the RF session
Tentative agreements:
Wait for more agreements from RF session before deciding the Rx beam scaling factor for FR2-2.
Candidate options:
Recommendations for 2nd round:
No discussion needed in second round.

	Sub-topic #1-3
	Issue 1-3-1: Need for CGI identification and SFTD measurements for FR2-2
Companies’ views:
No consensus on whether the feature of CGI identification and SFTD measurement needs to be supported for FR2-2.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion in the second round.

	Sub-topic #1-4
	Issue 1-4-1: CR split
Companies’ views: 
Most companies seem to agree on the proposed CR split. One company raised some additional questions which could be discussed during the second round 
Tentative agreements:
The following list of Draft CRs to be prepared by RAN4 is proposed:
· Draft CR for timing requirements for FR2-2
· Draft CR for interruption requirements for FR2-2
· Draft CR for active BWP switching delay requirements for FR2-2
· Draft CR for general measurement requirements for FR2-2
· Additional Draft CR(s) shall be considered based on the outcome of open issues
Candidate options:
Recommendations for 2nd round:
[bookmark: _Hlk87202128]Discuss the following two questions:
1. Shall the cases be limited into list in Issue 1-1-1: Deployment scenarios
2. Where to use FR2_2 terminology, especially for NR-DC part if considering item1.



Discussion on 2nd round (if applicable)
Sub-topic 1-1: Deployment scenarios
Sub-topic description: Discussion on various deployment scenarios applicable to the WI and priorities, if any.
Open issues and candidate options before e-meeting:
Issue 1-1-1: Deployment scenarios
· Proposal 1 (Moderator): RAN4 to not discuss the applicability of inter-band CA requirements for FR2-2 carrier frequencies
· Recommended WF
· Consider agreeing to the proposal

	Company
	Comments

	Intel
	Proposal 1 is a bit unclear for us. Does “not discuss” mean that we keep the issue open, or it means that we do not define requirements for inter-band CA in FR2-2.
We propose to follow the agreement which is currently tentative for interruption requirements discussion in thread [229] – not to define requirements for inter-band CA withing FR2-2 since currently there is only one agreed band in FR2-2. The agreement can be revised if more bands agreed in RF. 

	Huawei
	We share same view as Intel. 

	LGE
	We are fine with Intel’s comment. Since only one band for FR2-2 is considered in RF session, inter-band CA in FR2-2 (FR2-2 + FR2-2) is out of scope in this time for RRM requirements.

	MTK
	OK with Intel’s suggestion. 

	CATT
	Agree with Intel.

	Nokia
	Proposal 1 is unclear to us. We think the current agreement is enough. Agree with Intel. 

	vivo
	Fine with Intel’s comment.

	Qualcomm
	We agree with Intel’s comment.

	Apple
	We share Intel’s view.

	Ericsson
	OK with Intel’s suggestion.

	Moderator
	Tentative agreement
· RAN4 agreed not to define requirements for inter-band CA within FR2-2 as currently there is only one agreed band in FR2-2. 
· The agreement can be revised if more bands agreed in RF




Sub-topic 1-3: CGI identification and SFTD measurements
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 1-3-1: Need for CGI identification and SFTD measurements for FR2-2
· Proposal 1 (Vivo): RAN4 may need to study whether the feature of CGI identification and SFTD measurement needs to be supported for FR2-2.
· If supported for FR2-2, discuss whether new requirements need to be defined for FR2-2 compared with FR2-1.
· Recommended WF
· Consider de-prioritizing CGI identification and SFTD measurement requirements for Rel-17 FR2-2

	Company
	Comments

	Intel
	Ok to de-prioritize.

	Huawei
	Fine with recommended WF. 

	MTK
	Fine with recommended WF.

	Nokia
	Agree with WF. De-prioritize CGI identification and SFTD. 

	vivo
	Ok to recommended WF.

	Qualcomm
	Agree with the recommended WF

	Apple
	Agree with the recommended WF

	Ericsson
	Ok with Recommended WF

	Moderator
	Tentative agreement
· De-prioritize CGI identification and SFTD measurement requirements for Rel-17 FR2-2




Sub-topic 1-4: CR Split
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 1-4-1: CR split
· Proposal 1 (Ericsson): Discuss the following two questions:
· Shall the cases be limited into list in Issue 1-1-1: Deployment scenarios
· Where to use FR2_2 terminology, especially for NR-DC part considering the above scenario.

· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Intel
	Regarding the second bullet, our understanding is that “FR2-2” / “FR2-1” terms should be used for the requirements which are defined for FR2-2 in a different way then legacy FR2. For the requirements which are reused we can keep “FR2” term as it covers both FR2-1 and FR2-2.
The question is whether we need to replace all “FR2” occasions in the spec with “FR2-1” for the scenarios which are out of the list of Issue 1-1-1.

	Huawei
	For the second bullet, it seems that we have following two approaches:
Alt1 FR2 include FR2_1 and FR2_2 without explicit statement. If there is difference between FR2-1 and FR2-2, the terminology of FR2-1 and FR2-2 will be used.
Alt 2 FR2 in current requirements refer to FR2-1, and new requirements for FR2-2 will be added.
It seems alt1 has less impact on current spec.

	CATT
	For the second bullet, we support Alt1 in Haiwei‘s view.

	Nokia
	I think it is clear that the CRs should cover the deployment scenarios. 
As for the second bullet, we think FR2-2 should be used whenever there should be a differentiation between FR2-1 and FR2-2. 
As for the alternatives listed by Huawei, we think Alternative 1 is the best one, otherwise we have to create new requirements for all the existing FR2 requirements. With alternative 1 we can focus only on the points that need differentiation between FR2-1 and FR2-2 and other points are naturally inherited for FR2-2. We understand that this was the whole intention when this naming convention was chosen. 

	vivo
	For the second bullet, we copied the relevant details on FR2-2 terms in the WID as follows:
NOTE 5a: Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated.
NOTE 5b: The designations FR2-1 and FR2-2 should only be used when needed.
It can be observed that FR2 in existing requirements include FR2-1 and FR2-2. Therefore, for some features, e.g., CGI identification and SFTD measurements, which may have no time to discuss the requirements for FR2-2 in R17. It may be necessary to state these requirements are only valid for FR2-1.

	Qualcomm
	We agree with others that we should use FR2 for all the requirements which apply to both FR2-1 and FR-2, separate terminologies shall be used only when there’s a need to differentiate. However, Intel raised a valid question – for the requirements defined only for FR2-1, shall we change the existing ‘FR2’ occasions to ‘FR2-1’. We think it may be necessary to do so in order to differentiate. 

	Ericsson 
	If issue 1-1-1 follow proposals, we think it can solve our concern in first bullet.

	Moderator
	Tentative agreement
· Whenever FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated.
· The designations FR2-1 and FR2-2 should only be used when needed to differentiate the requirements between the two FRs
· FFS: How to adapt the existing terminology (FR2) when corresponding requirements are not defined for FR2-2 (e.g. inter band CA scenarios in FR2)




Topic #2: Scheduling restrictions
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117310
	CATT
	Proposal 2: If the current cell phase synchronization requirements on the network side are not changed, when SSB SCS is 960kHz, it is necessary to study whether deriveSSB-IndexFromCell is always enabled in FR2-2.
· If deriveSSB-IndexFromCell is not always enabled, discuss whether the impact on SSB index is acceptable.
Proposal 3: If deriveSSB-IndexFromCell is still always enabled, it is necessary to consider whether to tighten the current cell phase synchronization requirements on the network side, such as less than 1.5 µs.
Proposal 4: Consider increasing the number of data symbols left before and after the SSB symbol in the current scheduling restriction. 


	R4-2117774
	Vivo
	Proposal 2: Scheduling restrictions need to continue waiting for the conclusion about beam switching time and TAE requirements from RF session.
Observation 1: More symbols need to be performed scheduling restrictions for L3 measurement if reusing the current synchronization assumption.

	R4-2118350
	Ericsson
	Observation 1: Despite of extra effort at network and UE sides, the UE’s beam switching time may be addressed without any scheduling constraints by implementing scheduling configuration flexibility. However, it received minor support in RAN1 meeting.
Proposal 1: If RAN1 can get agreement on introducing UE capacity signalling on UE beam switch time, RRM shall investigate how to introduce the differentiation in scheduling restriction requirements. 
Proposal 2: Introduce scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc.) used for L1 measurements, if UE’s beam switching time influence adjacent symbols (together with other impairments).
Proposal 3: No scheduling restriction is needed if UE’s beam switching time, relies on capacity, doesn’t influence adjacent symbols (together with other impairments).
Proposal 4: RRM session evaluates if scheduling restriction can be replaced by network configuration implementation despite of the trends and choices in RAN1.
Proposal 5: Assuming that cell phase synchronization accuracy is 3μs, scheduling restriction on L3 measurements needs 2 symbols before and after SSB symbols for 480KHz SCS, 3 symbols before and after SSB symbols for 960KHz SCS. 
Proposal 6: for 960KHz SCS, Puncturation of 0.05 symbol in SSB caused by colliding with beam switching time is acceptable performance degradation (e.g. CP can mitigate the issue to some extent, and less beam switching frequency or beam indexes also are helpful) with proper configurations.

	R4-2118847
	Huawei
	Proposal 1: RAN4 to discuss whether deriveSSB_IndexFromCell can be assumed always enabled for FR2-2.



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 2-1: Beam switching aspects
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: Impact of beam switching time on scheduling restrictions
· Proposal 2 (Vivo, Huawei): Scheduling restrictions need to continue waiting for the conclusion about beam switching time from RF session.
· Proposal 3 (Ericsson): Scheduling restrictions shall apply to one symbol before and one symbol after resources (SSB, CSI-RS etc.) used for L1 measurements, if UE’s beam switching time influences adjacent symbols (together with other impairments).
· No scheduling restriction is needed if UE’s beam switching time relies on capability (Issue 2-1-2) or doesn’t influence adjacent symbols (together with other impairments)
· Recommended WF
· Discuss the proposal.

	Company
	Comments

	CATT
	Correct our view to support proposal 3.

	Intel
	Ok with Proposal 2

	LGE
	Support proposal 2

	Huawei
	Prefer proposal 2. 

	Ericsson
	RF and RAN1 session both are discussing the issue. even we can wait for their conclusion. but we can discuss with most possible conditions.

	vivo
	Support Proposal 2. There is no clear conclusion on beam switching time for FR2-2 so far. 
If the beam switching time exceeds the CP length of SCS, one symbol before resources and one symbol after resources need to be performed scheduling restrictions. On the contrary, the existing requirements for L1 measurements is applicable for FR2-2.

	MTK
	Ok with Proposal 2

	Qualcomm
	Fine with proposal 2

	CATT 2
	Ok with Proposal 2 to wait for relevant conclusions in RAN1 and RF session , and we agree with the view of vivo. 



Issue 2-1-2: UE capability signalling on beam-switching time
· Proposal 1a (Ericsson): If RAN1 can get agreement on introducing UE capability signalling on UE beam switch time, RRM shall investigate how to introduce the differentiation in scheduling restriction requirements.
· Proposal 1b (Ericsson): RRM session evaluates if scheduling restriction can be replaced by network configuration implementation despite of the trends and choices in RAN1.
· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Huawei
	Generally fine with the proposal. Prefer wait for concrete conclusion from RF and RAN1.

	Nokia
	Prefer to wait RAN1 agreement. 

	Ericsson
	We observed that RAN1 is discussing UE capability signalling on UE beam switch time. We shall refer to their conclusion in next meeting.
And, we bring an alternative possibility, Proposal 1b for discussion if the network may prevent such conflicts through appropriate configuration even it complicates the UE receiver design. 

	Apple
	It is better to discuss this when there is a RAN1 decision.

	vivo
	In our understanding, this issue may need more input from RAN1.

	Qualcomm
	Revisit after agreements are made in RAN1



Sub-topic 2-2: Synchronization aspects
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 2-2-1: Assumptions on deriveSSB-IndexFromCell
· Proposal 1 (CATT, Huawei): Study whether deriveSSB-IndexFromCell is always enabled in FR2-2. 
· Proposal 2 (CATT): If deriveSSB-IndexFromCell is not always enabled, discuss whether the impact on SSB index is acceptable.
· Proposal 3 (CATT): If deriveSSB-IndexFromCell is always enabled, it is necessary to consider whether to tighten the current cell phase synchronization requirements on the network side, such as less than 1.5 µs.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	CATT
	For proposal 2, if DeriveSSB-IndexFromCell is not enabled, it will mean that the UE could not derive the SSB index of the adjacent cell from the timing of the serving cell, so the UE will need to decode the PBCH to obtain a complete SSB index.
For proposal 3, according to the current specification, the frame boundary alignment error across cells on the same frequency carrier is required to be within the range of 2 SSB symbols. For 960khz, it is 2us. Here, it is assumed that there is an additional fixed time difference of 0.5 µs between the two cell signals, so it is less than 1.5us.

	Intel
	We prefer not to change cell phase synchronization requirements. 
Our understanding is that DeriveSSB-IndexFromCell should not be always enabled for FR2-2. Prefer to leave it for network configuration – if network configures DeriveSSB-IndexFromCell then network can support cell phase synchronization (better than 3us) which corresponds to tolerance of min(2 SSB symbols, 1 PDSCH symbol) for used SCS

	Huawei
	We prefer to keep cell phase synchronization requirements unchanged, which means DeriveSSB-IndexFromCell should not be always enabled for FR2-2.

	Ericsson
	According to texts in CATT’s contribution ‘in the current spec, For FR2, it is assumed that deriveSSB-IndexFromCell is always enabled, which means that the frame boundary alignment error across cells on the same frequency carrier is required to be within the range of 2 SSB symbols, and about 9 µs for 240kHz SCS’, can we interpret that if we increase the number of symbols in Issue 2-2-2, then this issuecan be solved also?

	Apple
	This is an important aspect to discuss. If we agree that DeriveSSB-IndexFromCell is not always enabled, then we need to discuss the impact on UE measurement.

	vivo
	In the existing requirements, the frame boundary alignment across cells on the same frequency carrier is within a tolerance 2 SSB symbols. For 960kHz, the value is indeed less than the cell phase synchronization accuracy of 3us. This would influence PBCH demodulation performance. We review the past discussion and observe the 2 SSB symbols are related to MRTD. For higher SCS, the symbols number of the tolerance may need to be increased. Therefore, we propose another alternative:
Proposal 4: RAN4 to study whether it is possible to increase the tolerance when deriveSSB-IndexFromCell is enabled for FR2-2, namely increase the number of SSB symbols.

	MTK
	We should agree on whether to keep cell phase synchronization requirements first. 
If it is unchanged, then DeriveSSB-IndexFromCell is not always enabled, and we need to discuss the SBI detection time in the requirement.

	Qualcomm
	This needs further consideration.

	CATT 2
	To Ericsson: 
According to our understanding, the cell phase synchronization requirements for whether to always enable deriveSSB-IndexFromCell and whether to increase the number of symbols in the scheduling restriction are two modifications to the current specification, which is a parallel relationship. The two problems are parallel, not two solutions to the same problem.



Issue 2-2-2: Requirement specification
· Proposal 1 (Vivo): Scheduling restrictions need to continue waiting for the conclusion about TAE requirements from RF session 
· Proposal 2 (CATT, Vivo): Consider increasing the number of data symbols left before and after the SSB symbol in the current scheduling restriction
· Proposal 2a (Ericsson): Assuming that cell phase synchronization accuracy is 3μs, scheduling restriction on L3 measurements needs 2 symbols before and after SSB symbols for 480KHz SCS, 3 symbols before and after SSB symbols for 960KHz SCS.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	LGE
	Fine with Proposal 1

	Huawei  
	Depends on issue 2-2-1.

	Ericsson
	We can wait for final TAE requirement. But we don’t think it will be restricted further according to our understanding, We’d like to share our calculation in contribution in case of possible agreement e.g. 3μs If 3μs is kept, we can make decision quickly. 

	Apple
	To progress the discussion, should RAN4 discuss and conclude if cell phase synchronization needs to be improved? 

	vivo
	Both Proposal 1 and Proposal 2. There is no clear conclusion on TAE requirements for FR2-2 so far.
If the cell phase synchronization is still 3us for FR2-2, more symbol numbers need to be increased to perform scheduling restriction on L3 measurements.

	MTK
	Proposal 1. It depends on TAE requirement in FR2-2.

	Qualcomm
	Prefer to wait for agreements on TAE requirements from RF session





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 

	Sub-topic #2-1
	Issue 2-1-1: Impact of beam switching time on scheduling restrictions
Companies’ views:
Most companies prefer to wait for more conclusions from RAN1/RF session on beam switching time before agreeing to corresponding scheduling restrictions
Tentative agreements:
Scheduling restrictions need to continue waiting for the conclusion about beam switching time from RF session
Candidate options:
Recommendations for 2nd round:
No discussion needed in second round.
Issue 2-1-2: UE capability signalling on beam-switching time
Companies’ views:
Most companies prefer to wait for more conclusions from RAN1/RF session on beam switching time before making any agreements on this topic
Tentative agreements:
Defer discussion until more conclusions from RAN1
Candidate options:
Recommendations for 2nd round:
No discussion needed in second round.


	Sub-topic #2-2
	Issue 2-2-1: Assumptions on deriveSSB-IndexFromCell
Companies’ views: 
No consensus on whether to specify the current cell phase synchronization requirements. The consequences of whether deriveSSB-IndexFromCell is always enabled or not need to be further discussed
Tentative agreements:
Candidate options:
GTW agreements:
· Agreements
· Assumptions on deriveSSB-IndexFromCell 
· Do not change cell phase synchronization accuracy
· 120kHz SCS
· deriveSSB-IndexFromCell is always enabled
· 480kHz and 960kHz SCS
· Option 1: deriveSSB-IndexFromCell is always enabled
· Option 1A: revisit UE assumptions on the maximum timing difference between the reference cell and target cell from 2 SSB symbols to a larger value
· Option 1B: introduce [1-3] symbols scheduling restriction before and/or after SSB transmission
· Option 2: deriveSSB-IndexFromCell may be either enabled or not enabled and up to network configuration
· FFS whether to have different approaches for licensed/unlicensed bands

Recommendations for 2nd round:
Continue discussion on the identified options in the second round
Issue 2-2-2: Requirement specification
Companies’ views: 
This issue depends on Issue 2-2-1 and TAE requirements from RF session. 
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
No discussion needed in second round, focus on Issue 2-2-1 instead.



Discussion on 2nd round (if applicable)
Sub-topic 2-2: Synchronization aspects
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 2-2-1: Assumptions on deriveSSB-IndexFromCell
· Proposal 1 (Moderator): Based on the GTW agreement, further discuss the following options for 480kHz and 960kHz SCS
· Option 1: deriveSSB-IndexFromCell is always enabled
· Option 1A: revisit UE assumptions on the maximum timing difference between the reference cell and target cell from 2 SSB symbols to a larger value
· Option 1B: introduce [1-3] symbols scheduling restriction before and/or after SSB transmission
· Option 2: deriveSSB-IndexFromCell may be either enabled or not enabled and up to network configuration
· FFS whether to have different approaches for licensed/unlicensed bands
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	We need more time to think over the options. Prefer to keep it FFS till the next meeting

	Huawei
	We suggest to come back in details in next meeting. The definition of deriveSSB-IndexFromCell shall be reconsidered considering the SSB pattern and difference SCS.

	LGE
	Further discussion should be needed. Regarding symbol length for higher SCS and cell phase synchronization accuracy, minimum timing difference between reference cell and target cell could be 4 symbols. So, we are not sure if it couldn’t work since SSB is consisted of 4 symbols.

	MTK
	FFS is needed. Need to check the applicability of deriveSSB-IndexFromCell to provide meaningful information for UE to skip SBI detection process. 

	CATT
	For option1A, we believe it needs to consider the definition and function, the tolerance of two SSB symbols in the existing requirements is specified so that UE can derive SSB index more accurately. Considering that there are only four SSB symbols in total, if increase current two SSB symbols, it will make it difficult to derive the SSB index of the adjacent cell from the timing of the serving cell for UE and may lead to errors.
It is suggested to postpone the discussion on whether the current option is reasonable.

	Nokia
	Since there is no clear solution among options 1 and 2, we think it is better to keep this open so that companies have time to further analyse before the next meeting. 


	vivo
	FFS is Ok. We also need further study whether it is feasible to distinguish the SSB index if the minimum timing difference between reference cell and target cell up to [x] symbols based on the SSB pattern for higher SCS.

	Qualcomm
	Agree to keep the issue FFS

	Apple
	We also support coming back to this issue at the next meeting

	Ericsson
	We suggest keeping it open and further study is needed.


Topic #3: Timing requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117311
	CATT
	Proposal 1: To avoid UL performance degradation, option 1 is supported to keep the Te within the same percentage of the CP length as existing SCS
Proposal 2: Define timing error limit requirements as in Table 8.

	R4-2117418
	Apple
	Proposal 1: When considering the upper limit of Te, 50% of UL CP length is used.
Proposal 2: For R17, RAN4 specifies Te requirements for the combinations of same SCS for SSB and UL signal, i.e., (120kHz, 120kHz), (480kHz, 480kHz), (960kHz, 960kHz).
Proposal 3: The initial timing error Te is defined as shown in Table 1.
Proposal 4: RAN4 considers defining the initial transmit timing accuracy test for 480/960kHz SCS in a statistical manner to ease the implementation burden.
Proposal 5: The UE timing advance adjustment accuracy for 480/960kHz SCS is defined as shown in Table 2.

	R4-2117770
	Vivo
	Proposal 1: Te shall be allowed to occupy 50% of UL CP length.
Proposal 2: RAN4 shall not define the Te requirements for the case of 120kHz SSB SCS and 960kHz uplink signal SCS.
Proposal 3: The new MTTD/MRTD requirements for FR2-2 need be considered compared with FR2-1.
Proposal 4: The propagation delay difference of FR2-2 should be considered less than 5us.
Proposal 5: The TAE requirements should wait for the RF group’s conclusion.
Proposal 6: The MTTD/MRTD requirements for FR2-2 should be defined until there is conclusion for TAE from RF group.
Observation 1: Te is even less than minimum timing error in the combination of 120kHz SSB SCS and 960kHz uplink signal SCS if keeping the Te within the same percentage of the CP length as existing SCS.
Observation 2: The current MRTD requirement for inter-band NR carrier aggregation is approximately four times and eight times as long as the symbol length of 2.25us and 1.125us for higher SCS of 480kHz and 960kHz respectively.
Observation 3: For higher SCS of 960kHz in FR2-2, the symbol length is 1.125us which is tighter than the legacy TAE requirements ‘3us’.

	R4-2117839
	LGE
	Proposal 1: For MRTD of 480kHz and 960kHz SCS in intra-band NCCA scenario, 
· Alt1: The MRTD should be smaller than the half CP length for 480kHz and 960kHz SCS
· Alt2: The MRTD is reused by FR2-1, and the performance degradation is allowed for 480kHz and 960kHz SCS
· Alt3: The MRTD is reused by FR2-1, and only a UE supporting independent beam management and dual FFT can be configured with intra-band NCCA without performance degradation.
· Alt4: Do not introduce intra-band NCCA and only consider intra-band contiguous CA in Rel-17.
Proposal 2: For MRTD of FR2-2 inter-band CA, shorter propagation delay should be considered such as 500m distance based.
Proposal 3: The MRTD between FR1 and FR2-2 inter-band CA should be investigated considering real network deployment and UE baseband processing.
Proposal 4: Independent beam management should be considered in Rel-17.
Proposal 5: The MRTD for FR1 and FR2-2 synchronous inter-band NR-DC could be defined based on the rationale of the existing definition. However, further refinement for the MRTD value should be considered to account for shorter slot length for larger SCS. 
Proposal 6: Introduce half slot based MRTD for larger SCS of asynchronous inter-band NR-DC

	R4-2118030
	Intel
	Observation 1: Rel-15 Margin UL for FR2 can not be reused for high SCSs of FR2-2, since values around 3*64*Tc take 65% and 130% of the CP length for 480kHz and 960kHz SCS respectively
Proposal 1: The Te requirements should be withing the range defined in Table below
Range of possible values Te requirements
	DL SCS (kHz)
	UL SCS (kHz)
	Te (64*Tc)

	120
	480
	0.5 < Te < 1.64

	
	960
	0.5 < Te < 0.51

	480
	480
	0.125 < Te < 1.64

	
	960
	0.125 < Te < 0.51

	960
	480
	0.0625 < Te < 1.64

	
	960
	0. 0625 < Te < 0.51



Proposal 2: The combination of SSB SCS = 120kHz with UL SCS = 960kHz need to be rolled out of the Te requirements.
Proposal 3: Wait for conclusions on TAE before defining the MRTD requirement for intra-band non-contiguous NR CA within FR2-2
Proposal 4: Rel-15 MRTD requirement for inter-band NR CA between FR1 and FR2 and inter-band synchronous NR DC between FR1 and FR2 can be applied for FR2-2
[bookmark: _Hlk86329455]Proposal 5: Update Table 7.6.6-2 in TS 38.133 with 480/960 kHz subcarrier spacing as below
Table 7.6.6-2 Maximum receive timing difference requirement for inter-band asynchronous NR DC
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5

	480
	33

	960
	33


Proposal 6: Wait for conclusions on MRTD and Te requirements before defining the MTTD requirements
Proposal 7: Current FR2 value for NTA offset 13792*TC is applicable for NR operation in 52.6 – 71 GHz range.

	R4-2118264
	Ericsson
	Proposal 1: NTA Offset = 13792 Tc in TS 38.133 section 7.1.2.
Proposal 2: Answer LS R1-2102202 and that a switch time of 7 µs (13792 Tc) can be assumed, for UE and BS the switching from DL to UL and Switching from UL to DL.

Observation 1: The combination of SSB SCS = 120 kHz and UL SCS = 960 kHz is with a proposed Te =  0.63*64*Tc get very small margin.
Proposal 3: Te 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	UL CP (%)

	2-2
	120
	480
	1.3*64*Tc
	28%

	
	120
	960
	0.63*64*Tc
	28%

	
	480
	120
	0.25*64*Tc
	1.3%

	
	480
	480
	0.25*64*Tc
	5%

	
	480
	960
	0.25*64*Tc
	11%

	
	960
	120
	0.17*64*Tc
	1%

	
	960
	480
	0.17*64*Tc
	4%

	
	960
	960
	0.17*64*Tc
	7%

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	



Proposal 4: FR 2-2 CA will become intra band and assumed to be collocated, as FR2-1 intra band CA.
Observation 2: The MRTD (and MTTD) requirements for FR2-2 CA depend on the agreed TAE value for FR 2-2 intra band CA.
Proposal 5: Keep MRTD (and MTTD) for inter-band CA between FR1 and FR2-1 also for FR1 and FR2-2 inter-band CA.
Proposal 6: Keep MRTD (and MTTD) for intra-band CA FR1 also for FR2-2 intra-band CA.
Proposal 7: Keep MRTD (and MTTD) from for inter-band DC between FR1 and FR2-1 also for FR1 and FR2-2 inter-band DC.


	R4-2118333
	MediaTek
	Observation 1: For the higher SCS, the timing error is dominated by the RF mismatch and margin.
Observation 2: The timing error budget for RF mismatch and margin will be reduced to 2.1 Ts and 1 Ts for UL SCS of 480k Hz and 960 kHz, respectively
Proposal 1: The timing error limit in FR2-2 for SCS of 480 kHz and 960 kHz may need RF’s input.
Proposal 2: Add note to clarify the Te requirement applies for the UE supports higher SCS. The exact naming of UE capability for SCS of 480 kHz and 960 kHz are TBD.
Proposal 3: The MRTD for intra-band non-contiguous CA is proportionally scaled down for the higher SCSs, to keep the MRTD within the same percentage of CP.

	R4-2118848
	Huawei
	Observation 1: Many components will contribute to the overall timing error, and the accuracy of some components will not change significantly when operating in FR2-2 compared to FR2-1.
Observation 2: The UL CP occupation of Te is different for different SCS combinations.
Proposal 1: It is suggested take 0.5 CP - TA step size/2 as the starting point to define the Te requirements for FR2-2. 
Observation 3: MRTD requirements are defined based on the following rules in existing spec:
For Async cases: MRTD = 0.5 slot
For sync cases: MRTD = TAE + propagation delay difference 
Proposal 2: Define MRTD requirements inFR2-2 based on the following rules in:
For Async cases: MRTD = 0.5 slot
For sync cases: MRTD = TAE + propagation delay difference
Discuss whether to reuse same propagation delay assumption as FR2-1.
The exact value could be defined with inputs of RF discussion on TAE requirements.
Proposal 3: Define MTTD requirements in FR2-2 based on following rules:
For MTTD, it is proposed to also follow the same principle as current requirements, whether MRTD contains:
· Propagation delay difference
· TAE
· Te + TA_error + TA step size/2 in CC1
· Te + TA_error + TA step size/2 in CC2


	R4-2118959
	Nokia
	Observation 1: The composed UL transmit timing error including TAC command quantization TAC,Q, TAC adjustment accuracy TAC,e, and Te including the channel delay spread TCH influence whether inter-symbol interference can be avoided using TA command.
Observation 2: The UL TX timing accuracy has to be designed in accordance to the CP length TCP such that TMAR = TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0.
Proposal 1: RAN4 to choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0 holds.
Observation 3: UL timing errors larger than 25% of the CP length can cause UL demodulation performance degradation of 14 dB for 960 kHz SCS.
Observation 4: DL timing estimation based on TRS can achieve accuracy of 6.7 for TDLA-10 and 12.7 ns for TDLA-20 with SCSs 120 kHz, 480 kHz, and 960 kHz.
Observation 5: TR 38.808 considers channel models with delay spread up to 50 ns.
Observation 6: Error floor is reported in TR 38.808 for 960 kHz SCS with delay spread above 40 ns and high MCS (64 QAM).
Proposal 2: When defining the margin for the Te calculation, consider a maximum channel delay spread of 40 ns for 480 kHz SCS, and 30 ns for 960 kHz SCS.
Proposal 3: Define Te values that do not exceed 20% of the CP length for UL transmission using 480 kHz and 960 kHz SCS.
Proposal 4: Define Te = 0.9*64*Tc for 480 kHz SCS, and Te=0.45*64*Tc for 960 kHz SCS.
Observation 7: Existing FR2-1 core requirements have no mention of TRS, but performance requirements in RRC_Connected include TRS in their configuration.
Observation 8: TRS can be used for improving timing estimation of the UE even when SSB uses a small SCS in comparison to the SCS used for UL transmission.
Proposal 5: If it is identified that 120 kHz SCS is not enough for Te using 480/960 kHz SCS, UE UL transmit requirements for 480 and 960 kHz for non-initial access may be developed considering that TRS is configured.
Observation 9: Reusing existing MRTD derivation rules with TAE=3 us and propagation delay for 1500 m results in requirements larger than half of the slot length for 960 kHz SCS.
Proposal 6: Wait for the definition of TAE requirements in the BS RF discussion before concluding on the MRTD requirements for FR2-2.
Proposal 7: If needed, revise the cell size based on the propagation delay of 1500 m used in FR2-1 when calculating MRTD requirements for FR2-2 with 960 kHz SCS, e.g. use 1000 m that results in 3.33 us propagation delay.

	R4-2118944
	ZTE
	Proposal 1: Keep the Te within the same percentage of the CP length as existing SCS.
Proposal 2: Te can occupy 30% of UL CP length if UE implementations are proven to be impossible to keep current Te requirements.

	R4-2119564
	Qualcomm
	Observation 1: RAN4 specifies the UE transmit timing based on the SSB bandwidth.
Observation 2: An additional margin in the timing error is specified to account for UE artifacts related to DL to UL switching.
Observation 3: The upper limit on the timing error is half CP length on the uplink transmission.
Observation 4: Reduction in CP length of the UL transmission for higher SCS of 480/960kHz leaves the UE with very little timing estimation error margin which does not scales down linearly with wider DL SSB bandwidth. 
Observation 5: Even with Te of 0.5*CP, some scenarios (e.g., SSB SCS 120, UL SCS 960) may not meet the UL timing accuracy requirements given an extremely small error margin.
Proposal 1: For UL SCS of 480/960 kHz, the UE shall use a Te corresponding to half CP length of the UL transmission.
· For UL SCS of 480 kHz, Te = 4.5*32*Tc
· For UL SCS of 960 kHz, Te = 4.5*16*Tc

Observation 6: Current RAN4 requirements on availability of an SSB in the last 160ms leads to a timing drift of 16ns (with 0.1ppm frequency error) which contributes to the UL timing error margin.
Proposal 2: For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last 20ms.



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 3-1: UE transmit timing error
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 3-1-1: Basic principles for defining Te
· Proposal 1 (Huawei): Take 0.5 CP - TA step size/2 as the starting point to define the Te requirements for FR2-2
· Proposal 2a (Nokia): RAN4 to choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0 holds.
· Proposal 2b (Nokia):  When defining the margin for the Te calculation, consider a maximum channel delay spread of 40 ns for 480 kHz SCS, and 30 ns for 960 kHz SCS
· Recommended WF
· Discuss the proposals

	Company
	Comments

	Intel
	Support Proposal 2a.
As for Proposal 2b, in our understanding 30ns is still too large delay spread for 960kHz SCS

	Huawei
	We support option 1. For option 2, we think TA accuracy is no needed to be considered within the budget, and DS is too large. 

	Nokia
	We support Proposals 2a and 2b. 
CP length, TA step size, or quantization, and channel delay spread have to be considered before defining upper bounds for the definition of the Te values. 
@Intel and Huawei: We can further discuss the DS, do you have suggestions?

	Ericsson
	Proposal 2a is fine in general ie CP - Channel_dispersion – 2* (Te + sum_other_two_sided_errors).

When it comes to proposal 2b Ericsson prefers at least 40 ns for SCS = 960 kHz.

	vivo
	This depends on Issue 3-1-2.

	Qualcomm
	While Proposal 2a can serve as the baseline for defining the timing requirements from gNB perspective, limitations from UE side also needs to be considered. The timing accuracy requirements derived in this manner may not leave sufficient margin at the UE, need to discuss how to handle the cases when the UE cannot meet the timing requirements derived based on the equation in Proposal 2a.




Issue 3-1-2: Percentage of UL CP length Te can occupy
· Option 1 (CATT, ZTE):  Keep the Te within the same percentage of the CP length as existing SCS
· Option 2 (Apple, Vivo, Qualcomm): 50%
· Option 3 (ZTE): 30%
· Option 4 (Nokia): < 20%
· Option 5 (MediaTek): Need RF input

· Recommended WF

· Discuss the options

	Company
	Comments

	ZTE
	[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Suggest 30% as a possible compromise. Can proponent of Option 2 (50%) clarify why such a big margin is needed?

	Intel
	With too relaxed Te requirements major UL demodulation performance degradation is expected. E.g, in R4-2118959 it is shown that the Te equal to 50% of CP can not achieve 10% BLER. 
We prefer to further study the issue from the link level performance point of view. 

	Huawei
	It is hard to say a general principle that can apply to all. It depends on conditions which are under discussion in following issues. E.g. whether to define requirements for combinations of small SCS SSB + larger SCS UL, whether to consider TRS as reference RS.
At least we can down scope some options. If the option1 means to keep the same percentage as the maximum percentage of Te/CP in existing requirements, it can be merged to other options.

	Nokia
	We support Option 4, which also includes 20%. 
From our simulation results, large Te values can cause degradation in UL demodulation performance.
Additionally, this range is the one used currently for the existing requirements for FR1 and FR2-1. 

	Ericsson
	We prefer to use the wide SSB BW for SCS = 480 kHz and SCS = 960 kHz to keep Te as low as possible and scale margins proportionally.
Worst case we get 28% of CP (120,480), (120,960) => option 4, for all cases except (120,480) and (120,960) where we accept option 3 < 30%.

	Apple
	We understand it is preferrable to aim for a smaller percent of CP than 50%, however, due to the UE implementation challenges, 50% is proposed as a compromise. Moreover, even with 50% CP, it can be seen that the UE implementation margin has been dramatically reduced.
Meanwhile, we also welcome other measures to help reduce Te, such as the consideration of TRS besides SSB.

	vivo
	Support Option 2. If the percent of CP is less than 50%, it is challenging for UE implementation.

	MTK
	Option 2 or Option 5. 
We see in FR2-2, the large percentage of Te will be contributed by the RF imperfection, and it is hard to discuss in RRM on whether it can be scaled down, thus we think RF’s input is needed. 

	Qualcomm
	We can start with the conclusion on Issue 3-1-1, and then discuss which cases are problematic for the UE (e.g. SSB SCS 120kHz and UL SCS 960kHz). We hold a very strong position on maintaining a sufficient margin on the UE side to handle timing drift and RF calibration errors. Margins cannot be scaled proportionally with the SCS.

	CATT
	Agree with Huawei, the maximum percentage of TE / CP in the existing requirements is about 28%. Option 1 can be merged to other options. For example, slightly compromise to support option 3.



Issue 3-1-3: Timing error limits
· Proposal 1 (CATT): Define timing error limit requirements as below
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	FR 1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	FR 2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	FR 2-2
	120
	120
	3.5*64*Tc

	
	480
	120
	2.5*64*Tc

	
	
	480
	0.8*64*Tc

	
	960
	120
	2*64*Tc

	
	
	480
	0.8*64*Tc

	
	
	960
	0.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [3]
Note 2:	The values for SCSs of 480 and 960 kHz are interpolated and not contained in the original Table 7.1.2-1 of 38.133 [2].



· Proposal 2 (Apple): The initial timing error Te is defined as shown below
	SCS of SSB (kHz)
	SCS of UL signal (kHz)
	Proposed Te
	Percent of UL CP length

	120
	120
	3.5*64*Tc (reused from existing specs)
	19.7%

	480
	480
	[2.25*64*Tc]
	50%

	960
	960
	[1.125*64*Tc]
	50%



· Proposal 3 (Intel): The Te requirements should be withing the range defined in Table below
	DL SCS (kHz)
	UL SCS (kHz)
	Te (64*Tc)

	120
	480
	0.5 < Te < 1.64

	
	960
	0.5 < Te < 0.51

	480
	480
	0.125 < Te < 1.64

	
	960
	0.125 < Te < 0.51

	960
	480
	0.0625 < Te < 1.64

	
	960
	0. 0625 < Te < 0.51



· Proposal 4 (Ericsson): The Te requirements should be withing the range defined in Table below
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	UL CP (%)

	2-2
	120
	480
	1.3*64*Tc
	28%

	
	120
	960
	0.63*64*Tc
	28%

	
	480
	120
	0.25*64*Tc
	1.3%

	
	480
	480
	0.25*64*Tc
	5%

	
	480
	960
	0.25*64*Tc
	11%

	
	960
	120
	0.17*64*Tc
	1%

	
	960
	480
	0.17*64*Tc
	4%

	
	960
	960
	0.17*64*Tc
	7%

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	



· Proposal 5 (Nokia): Define Te = 0.9*64*Tc for 480 kHz SCS, and Te=0.45*64*Tc for 960 kHz SCS.
· Proposal 6 (Qualcomm): For UL SCS of 480/960 kHz, the UE shall use the following Te values
· For UL SCS of 480 kHz, Te = 4.5*32*Tc
· For UL SCS of 960 kHz, Te = 4.5*16*Tc

· Recommended WF
· Discuss the proposals

	Company
	Comments

	Intel
	Same comment as for Issue 3-1-2

	Huawei
	Prefer to first discuss the principles, conditions for the Te requirements before discussing the detailed value.

	Nokia
	Final combinations should depend on the outcome of Issue 3-1-4. 
We support Proposal 5. 
We also would like to remove so much the dependency of SSB SCS with the inclusion of TRS at least for “non-initial access” Te requirements as proposed in Proposal 3 of Issue 3-1-4. 

	Ericsson
	Proposal 4 and proposal 3 are fine.
We also agree with CATT and Apple that (120,120) shall also be defined for FR2-2. This was not clear in Ericsson’s proposal, but we assume that existing requirements can be reused.

	Apple
	We support proposal 2 or proposal 6.

	vivo
	Both Proposal 2 and Proposal 6 is fine.

	MTK
	We support proposal 2 or proposal 6.

	Qualcomm
	Support proposal 2 and 6 but let’s agree on the basic principles first

	CATT
	We suggest that the specific value of Te should be determined after the conclusion of issue 3-1-1, issue 3-1-2 and issue 3-1-4.




Issue 3-1-4: SSB and UL SCS combinations
· Proposal 1 (Apple):  For R17, RAN4 specifies Te requirements for the combinations of same SCS for SSB and UL signal, i.e., (120kHz, 120kHz), (480kHz, 480kHz), (960kHz, 960kHz).
· Proposal 2 (Vivo, Intel): RAN4 shall not define the Te requirements for the case of 120kHz SSB SCS and 960kHz uplink signal SCS
· Proposal 3 (Nokia):  If it is identified that 120 kHz SCS is not enough for Te using 480/960 kHz SCS, UE UL transmit requirements for 480 and 960 kHz for non-initial access may be developed considering that TRS is configured.

· Recommended WF

· Discuss the options

	Company
	Comments

	CATT
	According to our proposal in issue 3-1-3, for SSB and UL SCS combinations, we believe that in FR2-2, when SCS of uplink signals is greater than SCS of SSB signals, it is too difficult to implement, so it is recommended not to define Te for the corresponding combination.

	Huawei
	If it is hard to define the Te requirement to cover all SCS combinations, we are open to only define requirements for the combinations when the SCS of SSB is equal to or larger than the SCS of UL, as suggested by CATT.

	Nokia
	We support proposal 3. 
We think it is better not to preclude the combination of 120 kHz SCS used for SSB with large SCS used on UL signals. We understand it is challenging to meet the UL timing requirements, if the synchronization in DL uses a low SCS for the SSB. However, in RRC connected the UE will also have access to the TRS, which from our simulations provide enough accuracy for the DL timing estimation. Based on 38.214 Section 5.1.6.1.1, the UE already expects to be configured with a TRS:
“A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.”

Therefore we proposed using TRS as a relaxation for improved DL timing estimation, even if the SSB uses 120 kHz SCS. 

We would also like to clarify that the use of TRS is only for connected more, so it would not include requirements for initial access. 

If Proposal 3 is accepted by the group, we might separate the discussion for Te requirements on initial access.

	Ericsson
	Prioritize these combinations: (120,120) [assume requirements the same as FR2-1] (480,480), (960, 960), (120,480), (480,960)

	Apple
	Proposal 1 is our preference, and we are open to further discussions.

	vivo
	Support Proposal 2. In our understanding, for the case of 120kHz SSB SCS and 960kHz uplink signal SCS, the margin is very small which is challenging for UE implementation.
For Proposal 1, other combinations (e.g., 120, 480) is also feasible.
For Proposal 3, we understand that TRS is helpful for the minimum timing error for smaller SSB SCS. However, the new requirements need to be defined if TRS is used.

	MTK
	Support Proposal 1. 

	Qualcomm
	We are fine to start specifying requirements for relatively easier combinations as outlined by Ericsson and leave the difficult combinations FFS



Issue 3-1-5: Availability of SSB
· Proposal 1 (Qualcomm):  For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last 20ms.

· Recommended WF

· Discuss the proposal

	Company
	Comments

	XXX
	

	Huawei
	We think the point in proposal 1 about time drifting is valid. We are open to discuss whether to have such conditions.

	Nokia
	We understand the intention of the proposal. We are just unsure about 20 ms. 
On one hand, if we have requirements with CCA, and SSB periodicity is configured as 20 ms, the Te requirements wont apply if a single SSB is unavailable due to CCA failure. 
The longer SSB period is also attractive for energy saving on cells that are used for capacity boost. 
The shorter timing would be more feasible for the TRS. Therefore, we propose the following alternative, considering 80 ms for 480 kHz (which gives 8 ns drift) and 40 ms for 960 kHz (which gives 4 ns drift):
· Proposal 2 (new):  For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB or TRS is available in the last X ms.
· X = [80] ms for 480 kHz SCS
· X = [40] ms for 960 kHz SCS



	Apple
	We can discuss this proposal together with the proposal of using TRS to improve Te.

	vivo
	In our opinion, Proposal 1 is indeed helpful to solve the timing drift problem. We are open to discuss.

	Qualcomm
	Support proposal 1 as it helps the UE meet the requirements with smaller margin. TRS are not actively being deployed on the field and we are unsure whether we can rely on TRS for initial timing.



Issue 3-1-6: Initial transmit timing accuracy test
· [bookmark: OLE_LINK92][bookmark: OLE_LINK91]Proposal 1 (Apple):  RAN4 considers defining the initial transmit timing accuracy test for 480/960kHz SCS in a statistical manner to ease the implementation burden

· Recommended WF

· Discuss the proposal

	Company
	Comments

	Intel
	We have a question for Proposal 1: does the Proposal 1 consider introducing the rate of requirements fulfilment during the test?

	Huawei
	Similar views as Intel. 

	Nokia
	We propose to postpone Proposal 1 for RRM performance discussion.
We understand the intention of the Proposal, and we agree that there might be a statistical variation on how accurate the UE detects DL timing. However, we believe that this proposal is better suited for the RRM performance part of the work. 
Therefore, we propose another option:
Proposal 2: RAN4 to discuss if the initial transmit timing accuracy test for 480/960kHz SCS should be defined as of statistical nature during the RRM performance part of the work. 

	Ericsson
	Prefer to reuse existing test procedures from FR2-1.

	Apple
	To Intel, Huawei: if you look at the test for TA accuracy in 38.133 A.7.4.3 (for NR standalone tests), there is a statement “The rate of correct Timing Advance adjustments observed during repeated tests shall be at least 90%.” However, for A.7.4.1	UE transmit timing, there is no such a statement, meaning the test is deterministic. 

	vivo
	We prefer to reusing the existing requirements. Proposal 1 may be further clarified.



Issue 3-1-7: UE capability for Te applicability
· Proposal 1 (MediaTek):  Add note to clarify the Te requirement applies for the UE supports higher SCS. The exact naming of UE capability for SCS of 480 kHz and 960 kHz are TBD

· Recommended WF
· Discuss the proposal

	Company
	Comments

	Huawei
	It is bit strange to have such capability about Te requirements. If UE support FR2-2 band combinations but cannot support this capability, is UE allowed to transmit UL?

	Nokia
	Proposal 1 is not needed. 
We understand that this should be part of the UE capabilities discussion for different SCS combinations, as RAN4 RRM do not typically define which features are optional. See for example R1-2109913, where UE capabilities are being discussed in RAN1. 

	Ericsson
	We prefer to follow what is mandatory or capability for general support of FR2-2 SCS for data and SSB.

	Apple
	We are open to discussing it.

	vivo
	In our opinion, this may be no necessary.
Only the UE support higher SCS (e.g., 480kHz and 960kHz) is required to support Te requirements. 

	MTK
	We are fine to follow the general UE capability to support of FR2-2 SCS




Issue 3-1-8: NTA Offset
· Proposal 1 (Intel, Ericsson):  Current FR2 value for NTA offset 13792*TC is applicable for NR operation in 52.6 – 71 GHz range

· Recommended WF

· Discuss the proposal

	Company
	Comments

	Intel
	Support Proposal 1. The RF session has already agreed to keep the same ON/OFF and OFF/ON transient periods as in legacy FR2.

	Huawei
	Proposal 1 is agreeable.

	Nokia
	Agree with Proposal 1

	Ericsson
	Proposal 1: Current FR2 value for NTA offset 13792*TC is applicable for NR operation in 52.6 – 71 GHz range

	Apple
	Agree. Actually, RF session made the agreement “60 GHz UE requires 7.015 µsec for TX/RX beam switching for all SCS”, which is in line with the proposal.

	vivo
	Proposal 1.

	MTK
	Agree with Proposal 1

	Qualcomm
	Fine with the proposal

	CATT
	Ok with Proposal 1.




Sub-topic 3-2: Timing advance 
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 3-2-1: UE timing advance adjustment accuracy
· Proposal 1 (Apple): The UE timing advance adjustment accuracy for 480/960kHz SCS is defined as shown below
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	[±16 Tc]
	[±12 Tc]



· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	We don’t have strong view. The motivation from the R4-2117418 seems reasonable. Ok with Proposal 1

	Huawei
	We prefer to keep the previous agreements.

	Nokia
	We prefer to keep the previous agreements.
 
We need more justification on why making TAC accuracy less accurate is necessary. 
When combined the TAC step or quantization error with the TAC accuracy, this would be very close to 20%, which is a limit that can lead to degradation in UL performance. 
Additionally, the proposed value for 960 kHz SCS is about 75% of the TA step size, and this accuracy would ideally be much smaller than half the TA step size. 
We have the following question to the proponent company:
-How is the jitter calculated due to the clock crossings?

	Ericsson
	Prefer the +/- 8 Ts for SCS = 480 kHz and +/- 4 Ts for SCS = 960 kHz agreed in  R4-2115351, WF on R17 NR_ext_to_71GHz_RRM_1, Qualcomm.

	Apple
	Again, when RAN4 specifies requirements, implementation challenges have to be taken into account. If we consider the TA step size, assuming it scales with SCS, TA adjustment is either 25% (say 15kHz/120kHz SCS) or 50% of TA step size (say 30kHz/60kHZ SCS), so [±16 Tc] for 480kHz is 50% of TA step size and should be ok. The proposed value [±12 Tc] for 960kHz is 75% of TA step size, which may be a bit too much, however, this results from the mere fact that the absolute accuracy comes down to 1ns.
To Nokia: in the transmit path, there are multiple clocks and due to the timing drifting of clocks and sync errors, there will be jitters. What we are saying is as SCS increases, the margin to allow such jitters becomes smaller making implementation much more challenging than FR2-1.

	vivo
	We prefer to keep the previous agreements. Open to discuss.



Sub-topic 3-3: MRTD/MTTD 
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 3-3-1: Overall MRTD/MTTD requirements
· Proposal 1 (Vivo, Nokia, Huawei): The new MTTD/MRTD requirements for FR2-2 may need be considered compared with FR2-1.
· The exact requirements should wait until there’s a conclusion on TAE from RF.
· Proposal 2 (Huawei): Define MRTD requirements in FR2-2 based on the following rules in:
· For Async cases: MRTD = 0.5 slot
· For sync cases: MRTD = TAE + propagation delay difference
· Proposal 3 (Huawei): Define MTTD requirements in FR2-2 based on the same principle as current requirements, whether MRTD contains::
· Propagation delay difference
· TAE
· Te + TA_error + TA step size/2 in CC1
· Te + TA_error + TA step size/2 in CC2
· Recommended WF
· Discuss the proposals independently

	Company
	Comments

	Intel
	Regarding Proposal 1, we have the following scenarios to focus on
· Standalone single carrier and CA in FR2-2
· FR2-2 CA and DC with anchor on FR1
In our understanding only scenarios under the first bullet have the MRTD dependence on the TAE requirements. Considering there is only one band in FR2-2, we need to consider only MRTD for intra-band non-contiguous CA. Only for this scenario we support Proposal 1
Regarding Proposal 2, we think that there is no need to differentiate Sync and Async case since TAE + propagation delay difference will be larger than 0.5 slot.

	LGE
	Fine with Proposal 2 as basic rule, and for TAE of FR2-2, proposal 1 is fine

	Huawei
	Support proposal 1-3

	Nokia
	We support in Proposals 1 and 2 and think Proposal 3 needs clarification, considering that we understand they follow the same principles used for the definition of the requirements in Rel 15. 
We understand that the existing agreement covers Proposal 2 which was the methodology used for FR2-1 in Rel 15. 

For Proposal 3, we propose clarification on the text as: 
· Proposal 3a (New): Define MTTD requirements in FR2-2 based on the same principle as current requirements:
· MRTD + UL transmit error, where UL transmission alignment error contains: 
· Te + TA_error + TA step size/2 in CC1
· Te + TA_error + TA step size/2 in CC2


	Ericsson
	Proposal 2: but modified to truncate to 33 µs for Async cases if 0.5*slot time < 33 µs, as proposed by Intel in their contribution.

	vivo
	Support Proposal 1. There is no clear conclusion on TAE for FR2-2 so far. 

	CATT
	Support proposal 1. For Proposal 2, we agree with Ericsson's modification.



Issue 3-3-2: Propagation delay
· Proposal 1 (Vivo): The propagation delay difference of FR2-2 should be considered less than 5us
· Proposal 2 (LGE) For MRTD of FR2-2 inter-band CA, shorter propagation delay should be considered such as 500m distance based
· Proposal 3 (Huawei): Discuss whether to reuse same propagation delay assumption as FR2-1
· Proposal 4 (Nokia): If needed, revise the cell size based on the propagation delay of 1500 m used in FR2-1 when calculating MRTD requirements for FR2-2 with 960 kHz SCS, e.g. use 1000 m that results in 3.33 us propagation delay.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	As we mentioned in the comment for the previous issue the FR2-2 + FR2-2 CA is limited only to intra-band non-contiguous CA. For this scenario co-location assumption is typical, so there will be no propagation delay difference.
As for FR2-2 + FR1 scenarios, we do not expect much difference in relative placement of FR1 and FR2-2 comparing to FR1 and FR2-1.

	LGE
	Considering the FR2-2 frequency range, a shorter propagation delay should be considered. FFS for detail value.

	Huawei
	Prefer to take same cell size at staring point. 
To Intel: Regarding FR2-2 CA is limited only to intra-band non-contiguous CA, can Intel explain more? Does it mean only NC CA needs to be considered for MRTD or NC CA is the only possible scenarios for FR2-2 CA?

	Nokia
	Depends on the outcome of Issue 3-3-4. 
From our perspective Proposals 1, 3 and 4 are agreeable, we prefer Proposal 4 which covers Proposals 1 and 3. 

	Ericsson
	Prefer to keep FR2-2 MRTD same as FR2-1 MRTD and FR1-FR2-1 MRTD, and the keep the assumed propagation delay differences.

	Apple
	We support considering propagation delay based on real deployment scenarios.

	vivo
	Support Proposal 1. Considering the cell converge is smaller for FR2-2 compared with FR2-1, the propagation delay of FR2-2 should be considered less than 5us. The specific value may need further discussion.
This may depends on scenarios in R17.

	Qualcomm
	We believe that the propagation delay difference for FR2-2 should be less than that of FR2-1

	CATT
	[bookmark: OLE_LINK101][bookmark: OLE_LINK102]Regarding FR2-2 CA is limited only to intra-band non-contiguous CA, we expect Intel to provide more explanation to support the view.



Issue 3-3-3: MRTD for intra-band non-contiguous CA
· Proposal 1 (LGE): For MRTD of 480kHz and 960kHz SCS in intra-band non-contiguous CA (NCCA) scenario,
· Alt1: The MRTD should be smaller than the half CP length for 480kHz and 960kHz SCS
· Alt2: The MRTD is reused by FR2-1, and the performance degradation is allowed for 480kHz and 960kHz SCS
· Alt3: The MRTD is reused by FR2-1, and only a UE supporting independent beam management and dual FFT can be configured with intra-band NCCA without performance degradation.
· Alt4: Do not introduce intra-band NCCA and only consider intra-band contiguous CA in Rel-17.
· Proposal 2 (Intel): Wait for conclusions on TAE before defining the MRTD requirement for intra-band non-contiguous NR CA within FR2-2
· Proposal 3 (MediaTek): The MRTD for intra-band non-contiguous CA is proportionally scaled down for the higher SCSs, to keep the MRTD within the same percentage of CP.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	Support Proposal 2

	LGE
	We agree to wait for the conclusion on TAE. Some Alts of Proposal 1 need to be discussed.

	Huawei
	We agree to wait for the conclusion on TAE. For proposal 1, not sure what is the relation to CP length and IBM and dual FFT.

	Nokia
	Agree with Proposal 2. MRTD in that case should follow the TAE value. 

	Ericsson
	We propose to keep MRTD for intra-band non-contiguous CA and colocation assumption from FR2-1 also for FR2-2. 

Final conclusion depends on TAE (proposal 2).

	Apple
	To guarantee UE performance, MRTD should be smaller than half CP, i.e. Alt. 1. At the same time, we also need to wait for RF conclusions on TAE, i.e. proposal 2 to understand what a realistic MRTD would look like.

	vivo
	Agree with Proposal 2. There is no clear conclusion on TAE for FR2-2 so far.

	MTK
	We agree to wait for the conclusion on TAE.

	Qualcomm
	We can wait for agreements on TAE 

	CATT
	OK with Proposal 2, and we support to wait for more conclusions on TAE.



Issue 3-3-4: MRTD for FR2-2 inter-band CA
· Proposal 1 (LGE): For MRTD of FR2-2 inter-band CA, shorter propagation delay should be considered such as 500m distance based.
· Proposal 2 (Ericsson): FR 2-2 intra-band CA will become assumed to be collocated, as FR2-1 intra band CA.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	As we mentioned in our comments to previous issues, there is only one band in FR2-2, and we need to consider only MRTD for intra-band non-contiguous CA

	LGE
	Depending on the conclusion of Issue 3-3-2.

	Huawei
	According to the agreed scenarios, we don’t think there is FR2-2 inter-band case.

	Nokia
	Proposal 1 can be discussed only on Issue 3-3-2. 
For Ericsson proposal 2, what does FR2-2 CA becoming intra-band, what is the expected impact in RRM specification if Proposal 2 is agreed?

	Ericsson
	We have modifier proposal 2. It is related to intra band and we propose to assume colocation, like FR2-1 intra band.
For inter-band propagation delay distance we prefer to keep current FR2-1 assumptions (5µs propagation and 3 µs TAE).

	vivo
	In current stage, FR2-2 has only a band. Therefore, there may no need to define MRTD requirements for FR2-2 inter-band CA.



Issue 3-3-5: MRTD for FR1 and FR2-2 inter-band CA
· Proposal 1 (LGE): The MRTD between FR1 and FR2-2 inter-band CA should be investigated considering real network deployment and UE baseband processing.
· Independent beam management should be considered in Rel-17.
· Proposal 2 (Intel, Ericsson): Rel-15 MRTD requirement for inter-band NR CA between FR1 and FR2 between FR1 and FR2 can be applied for FR2-2.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	Support Proposal 2.

	LGE
	Considering short symbol length for larger SCS, shorter MRTD for larger SCS than that for FR1+FR2-1 inter-band CCA could be considered.

	Huawei
	It depends on above issues on principles of MRTD and propagation delay assumption.

	Nokia
	Agree with Proposal 2. 

	Ericsson
	Proposal 2.

	Apple
	Proposal 1 is ok. But we wonder if IBM should be considered in this case because FR1 requires no beamforming at the UE. 

	vivo
	In our understanding, the MRTD between FR1 and FR2-2 inter-band CA is related to TAE. The requirements should be defined until there’s a conclusion on TAE from RF.

	Qualcomm
	We are fine with specifying shorter MRTD for higher SCS



Issue 3-3-6: MRTD for FR1 and FR2-2 NR DC
· Proposal 1 (Ericsson): Keep MRTD (and MTTD) from for inter-band DC between FR1 and FR2-1 also for FR1 and FR2-2 inter-band DC.
· Proposal 2 (LGE): The MRTD for FR1 and FR2-2 synchronous inter-band NR-DC could be defined based on the rationale of the existing definition. However, further refinement for the MRTD value should be considered to account for shorter slot length for larger SCS.
· Proposal 3 (LGE): Introduce half slot based MRTD for larger SCS of asynchronous inter-band NR-DC
· Proposal 4 (Intel): Rel-15 MRTD requirement for inter-band synchronous NR DC between FR1 and FR2 can be applied for FR2-2
· Proposal 5 (Intel): For inter-band asynchronous NR DC update Table 7.6.6-2 in TS 38.133 with 480/960 kHz subcarrier spacing as below
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5

	480
	33

	960
	33



· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	Support Proposal 4 and 5. As we mentioned in our comment for Issue 3-3-1 there is no need to differentiate Sync and Async case since TAE + propagation delay difference will be larger than 0.5 slot, so having Async case is not reachable. The largest value which is 33us should be applied both for sync and async cases

	LGE
	The rationale of the existing definition for both sync and async could be used. But, further discussion is needed about the situation that the MRTD of sync is longer than that of async. Maybe proposal 5 could be one possible approach

	Huawei
	Fine with proposal 5 about async case. 

	Nokia
	We agree with proposals 1 and 4. 
For proposal 5, we think it is not needed, since the requirements for the assync cases are for the closest slot boundary without taking slot index into account. So we understand that it only makes sense to have 1/s slot of the largest numerology, since MRTD cannot be larger than ½ slot anyway. 

	Ericsson
	Proposal 1 and proposal 5.

	Apple
	We agree with proposal 2.

	vivo
	For inter-band synchronous NR DC, the MRTD requirements should be defined until there’s a conclusion on TAE from RF.
For inter-band asynchronous NR DC, we agree with Proposal 5.

	Qualcomm
	We think smaller MRTD may be considered for higher SCS. Agree with Proposal 2.



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 

	Sub-topic #3-1
	Issue 3-1-1: Basic principles for defining Te
Companies’ views: 
No consensus on the basic principles but at-least some companies believe that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0 could be used as a starting point to define the UE transmit timing requirements.
Tentative agreements:
Candidate options:
GTW agreements:
· Tentative agreements
· Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds
· When defining the margin for the Te calculation, consider a maximum channel delay spread RMS of 40 ns for 480 kHz SCS, and 30 ns for 960 kHz SCS

Recommendations for 2nd round:
Continue discussion in the second round. 
Issue 3-1-2: Percentage of UL CP length Te can occupy
Companies’ views: 
No consensus on the percentage of the UL CP length Te can occupy
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Focus on Issue 3-1-1 and continue discussion
Issue 3-1-3: Timing error limits
Companies’ views: 
No consensus on the timing error limits
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Focus on Issue 3-1-1 and continue discussion

Issue 3-1-4: SSB and UL SCS combinations
Companies’ views: 
It appears that some combinations are agreeable for all companies while others are being debated
Tentative agreements:
RAN4 to specify UL timing accuracy requirements for the following (SSB SCS, UL SCS) combinations
· 120, 120
· 480, 480
· 960, 960
Candidate options:
Recommendations for 2nd round:
Further discuss whether to define requirements for 
1. 120, 480
2. 120, 960
3. 480, 960
4. Other options with SSB SCS > UL SCS
Discuss whether TRS can be used in combination for RRC connected Te requirements. 
Issue 3-1-5: Availability of SSB
Companies’ views: 
In general, companies seem okay to the proposal and are open to discussion, but there were different proposals available from 1st round discussion. 
Tentative agreements:
[bookmark: _Hlk87207673]For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms.
· FFS: X

Candidate options:
Recommendations for 2nd round:
Continue discussion on the value of X in the second round

Issue 3-1-6: Initial transmit timing accuracy test
Companies’ views: 
Need more discussion
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion in the second round
Issue 3-1-7: UE capability for Te applicability
Companies’ views: 
Proponent company agrees to use the existing rules. No more discussion needed.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
No discussion needed
Issue 3-1-8: NTA Offset
Companies’ views: 
Most companies agree to the proposal
Tentative agreements:
Current FR2 value for NTA offset 13792*TC is applicable for NR operation in 52.6 – 71 GHz range
Candidate options:
Recommendations for 2nd round:
No discussion needed


	Sub-topic #3-2
	Issue 3-2-1: UE timing advance adjustment accuracy
Companies’ views: 
Some companies prefer to keep the previous agreements on this topic. Need more discussion
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion 


	Sub-topic #3-3
	Issue 3-3-1: Overall MRTD/MTTD requirements
Companies’ views: 
No consensus. Need more discussion.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion 
Issue 3-3-2: Propagation delay
Companies’ views: 
No consensus. Need more discussion.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion 
Issue 3-3-3: MRTD for intra-band non-contiguous CA
Companies’ views: 
Most companies want to wait for agreements on TAE.
Tentative agreements:
Wait for conclusions on TAE before defining the MRTD requirement for intra-band non-contiguous NR CA within FR2-2
Candidate options:
Recommendations for 2nd round:
No discussion needed

Issue 3-3-4: MRTD for FR2-2 inter-band CA
Companies’ views: 
Some companies mentioned that there is only one band defined for FR2-2 as of now. Need more discussion on whether inter-band CA requirements need to be defined. 
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion

Issue 3-3-5: MRTD for FR1 and FR2-2 inter-band CA
Companies’ views: 
No consensus. Need more discussion
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion

Issue 3-3-6: MRTD for FR1 and FR2-2 NR DC
Companies’ views: 
No consensus. Need more discussion
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion




Discussion on 2nd round (if applicable)
Sub-topic 3-1: UE transmit timing error
Issue 3-1-1: Basic principles for defining Te
· Recommended WF
· Based on the tentative GTW agreement, further discuss whether the following are acceptable
· Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds
· When defining the margin for the Te calculation, consider a maximum channel delay spread RMS of 40 ns for 480 kHz SCS, and 30 ns for 960 kHz SCS
· Further identify the cases for which the UE cannot meet the Te requirements derived in the abovementioned manner.

	Company
	Comments

	Intel
	Condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 sets the upper limit for Te requirements. If timing offset will be larger that limit, then UL performance degradation is expected. The only way to extend the limit is to assume that high SCS will be used only in good propagation environment, i.e. small delay spread will be considered for high SCS. The maximum delay spread for feasible UL demodulation for each SCS should be based on link level analysis.

	Huawei
	Fine with recommended WF. 

	CATT
	Ok with recommended WF, and we agree with Intel to consider the feasible situation of reducing delay spread for high SCS.

	Nokia
	Agree with the WF

	vivo
	Condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 need further study.
Other condition, e.g., the feasible Te margin also need further consideration.

	Qualcomm
	We are fine with the WF but the delay spread of 40ns/30ns for 480/960kHz SCS allows a maximum Te of only 45ns and 17ns respectively. Timing error due to SSB estimation itself is 18ns for 120kHz SSB SCS. This leaves little to no room for margin. We agree with Intel that such high SCS shall be limited to be used only in a good propagation, so a smaller delay spread should be used. 

	Apple
	As we commented in GTW, technically, the condition seems reasonable and should be considered in setting the requirement. That said, the UE implementation challenges are real and need to be considered as well. To strive for a good balance between the two, we encourage companies to look at possible ways that may help, including the restriction that small delay spread is considered for high SCS, and the SSB is available in the past 20ms, etc.

	Ericsson
	The WF is fine with modification of at least 40 ns of TCH. The next step is to settle margins on top of 0.5/SSB_BW

	Moderator
	Tentative agreement
· Basic principles
· FFS: Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds
· FFS: When defining the margin for the Te calculation, discuss the values for maximum RMS channel delay spread for 480 kHz SCS, and 960 kHz SCS
· FFS: Cases for which the UE cannot meet the Te requirements derived in the abovementioned manner.




Issue 3-1-2: Percentage of UL CP length Te can occupy
· Based on Issue 3-1-1, comment on the acceptable options
· Option 1: 40% - 50%
· Option 2: 30% - 40%
· Option 3: <30%

· Recommended WF
· Discuss the options

	Company
	Comments

	Intel
	Prefer to have more link level analysis to justify any option.

	ZTE
	Support Option 3. Actually this value depends on different numerologies, but below 30% shall be achieved (which alreday gives margins for implementation).

	CATT
	According to the principle in issue 3-1-1 above, for 480kHz SCS, we can calculate  Te < 31%, and for 960kHz SCS, Te < 23%. As our calculation results, we support option3.

	Nokia
	We agree with Option 3. 

	vivo
	It depends on the Issue 3-1-1.

	Qualcomm
	Support Option 1. Option 3 doesn’t provide enough implementation margin in some cases.

	Apple
	While we are open to more discussions, we still prefer option 1.

	Ericsson
	Option 3 < 30%. Max today is 28%. 
Ericsson want to utilize wider SSB BW of SCS = 480 kHz and 960 kHz to push down Te. This is the same in existing specification. The wider the SSB BW (SSB SCS) the better (smaller) the Te requirement.

	
	

	
	



Issue 3-1-4: SSB and UL SCS combinations
· Proposal 1 (Moderator):  Further discuss whether to define requirements for 
· 120, 480
· 120, 960
· 480, 960
· Other options with SSB SCS > UL SCS
· Proposal 2 (Nokia): Discuss whether TRS can be used for RRC connected Te requirements. 
· Recommended WF
· Discuss the proposals

	Company
	Comments

	Huawei
	Apart from the agreed SCS combinations in 1st round, we suggest to also define requirements for the combination SSB SCS > UL SCS

	CATT
	For the combination of SSB SCS > UL SCS: 
We suggest to define Te requirements.
For the combination of 480kHz SSB SCS and 960kHz UL SCS:
According to the calculation result in issue 3-1-2 above, we can futher to calculate the margin. In the case of the combination of 480 kHz SSB SCS and 960 kHz UL SCS and the combination of 960 kHz SSB SCS and 960 kHz UL SCS, the implementation of UE is relatively difficult. 
And we can find that the margin under the combination of 480 kHz SSB SCS and 960 kHz UL SCS is slightly larger than that under the combination of 960 kHz SSB SCS and 960 kHz UL SCS, if the combination of 960 kHz SSB SCS and 960 kHz UL SCS is considered, it should also be considered to specify Te for the combination of 480 kHz SSB SCS and 960 kHz UL SCS.

	Nokia
	We agree with Proposal 1 and Proposal 2, including
· SSB SCS=120, and 
· UL SCS=480
· UL SCS=960
· SSB SCS=480, 
· UL SSCS=120
· UL SCS = 960
· SSB SCS=960, 
· UL SCS=120
· UL SCS= 480
We think that adding the TRS (CSI-RS for tracking) can be used in this case, since the DL timing estimation form the UE is much more accurate when using TRS. TRS is mandatory for UEs and is expected to be configured in RRC connected. So for the PUCCH and PUSCH this can be used to maintain Te within limits that ensure good demodulation performance. 

	vivo
	For proposal 1, we suggest to define requirements for the following combination of SCS for uplink signal and SSB.
(120, 120) (120, 480) (120, 960) (480, 480) (480, 960) (960, 960) 

	Qualcomm
	Firstly, is SSB SCS > UL SCS a valid scenario? May need to check RAN1 agreements.
While (SSB SCS 120, UL SCS 480) may be supported, the other combinations need further evaluation.
We are open to explore the use of TRS for connected mode timing acquisition if they can be guaranteed by the network.

	Apple
	For proposal 1, we are open to further discussions, keeping in mind the deployment needs and UE implementation challenges. For the case of SSB SCS > UL SCS, we also wonder how valid it is.
Proposal 2, we are open to further evaluation of its feasibility.

	Ericsson
	(120,480) and (480.960) are fine for us (part of option 1).

	Moderator
	Recommended WF:
· FFS whether to define requirements for 
· 120, 480
· 120, 960
· 480, 960
· Other options with SSB SCS > UL SCS




Issue 3-1-5: Availability of SSB
· Proposal 1 (Moderator): Based on tentative agreement from the first round: 
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms.
· FFS: X

· Recommended WF
· Discuss the values for X:
· 20 ms
· 40 ms
· Other?

	Company
	Comments

	Intel
	Slightly prefer 40ms

	Huawei
	We suggest to considering different Te requirements for different X. 
For example Te1 when SSB is available in at last 20 ms, and Te2 when SSB is available in last 160ms.
The drawback of only considering one X value which is smaller than 160 is that when NW configure longer SSB periodicity, then the UL performance is not guaranteed even such periodicities are supported. So we suggest to define a tight Te requirement considering the typical scenarios (e.g. 20ms) where the timing error caused by timing drift is small. And also a relaxed Te requirement for 160ms, if NW configured SSB with longer periodicity, then UE is only need to meet this relaxed requirements.

	Nokia
	We would prefer to keep X=40 ms for the moment. 
Regarding the suggestion to make Te based on X, we have some doubts on the benefit of having several Te requirements depending on X. For example, that would be hard to test, and anyway the Ue would have to pass the smallest Te requirements for the smallest X. The system is also very tight now with the limits for which we can set Te, so there will be not much margin for relaxing Te requirements with larger X otherwise we will have performance degradation. 

	vivo
	In our opinion, if the value of X is too small, there will be power saving issues. In addition, if the NW configures the longer SSB periodicity, it may be necessary to define two sets of requirements. We prefer to keep FFS until the next meeting.

	Qualcomm
	We prefer 20ms, at least when UL SCS is 960kHz, for other cases we are fine to compromise to 40ms.

	Apple
	We are open to further evaluation. At this point, we don’t favor considering different Te requirements for different X.

	Ericsson
	A value of X which is too small will affect UE power consumption, as pointed out by VIVO. Also any uncertainties due to existing 160 ms in UL timing can be considered in Te analysis. We can consider existing 160 ms periodicity if and when Te analysis in this WI show that Te need further optimization for FR2-2. It is also the case that if we need to optimize Te further then there might me other factors of the Te uncertainty budget that we have to consider first.



Issue 3-1-6: Initial transmit timing accuracy test
· Proposal 1 (Apple):  RAN4 considers defining the initial transmit timing accuracy test for 480/960kHz SCS in a statistical manner to ease the implementation burden
· Proposal 2 (Nokia): RAN4 to discuss if the initial transmit timing accuracy test for 480/960kHz SCS should be defined as of statistical nature during the RRM performance part of the work.
· Recommended WF
· Discuss the proposal

	Company
	Comments

	Intel
	Support Proposal 2

	Huawei
	Support proposal 2.

	MTK
	proposal 2

	CATT
	Support proposal 2.

	Nokia
	We agree with Proposal 2. This can be discussed as part of the RRM performance requirements. 

	vivo
	Support proposal 2.

	Qualcomm
	Support proposal 2

	Apple
	Proposal 2 is OK.

	Ericsson
	RAN4 is contribution driven, but we prefer a test along the lines of Te in existing FR1-FR2-1 specification.

	Moderator
	Tentative agreement:
· RAN4 to discuss if the initial transmit timing accuracy test for 480/960kHz SCS should be defined as of statistical nature during the RRM performance part of the work




Sub-topic 3-2: Timing advance 
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 3-2-1: UE timing advance adjustment accuracy
· Proposal 1 (Apple): The UE timing advance adjustment accuracy for 480/960kHz SCS is defined as shown below
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	[±16 Tc]
	[±12 Tc]



· Proposal 2 (Previous agreement): The UE timing advance adjustment accuracy for 480/960kHz SCS is defined as shown below
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	[±8 Tc]
	[±4 Tc]




· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Huawei
	We prefer proposal 2.

	CATT
	It is suggested to consider the problem from the perspective of network performance, and we prefer proposal 2.

	Nokia
	We still prefer Proposal 2. With proposal 1, if the TACe is larger than 50% of the TA step this undermines the capability of the gNB to set the UE transmit timing. 

	vivo
	Prefer proposal 2.

	Apple
	To compromise, we can accept [±16 Tc] for 480kHz SCS and [±8 Tc] for 960kHz SCS, i.e., 50% of TA step size.

	Ericsson
	Proposal 2. To keep linear scaling.



Sub-topic 3-3: MRTD/MTTD 
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 3-3-1: Overall MRTD/MTTD requirements
· Proposal 1 (Vivo, Nokia, Huawei): The new MTTD/MRTD requirements for FR2-2 may need be considered compared with FR2-1.
· The exact requirements should wait until there’s a conclusion on TAE from RF.
· Proposal 2 (Huawei): Define MRTD requirements in FR2-2 based on the following rules in:
· For Async cases: MRTD = 0.5 slot
· MRTD = 33 µs, if 0.5*slot time < 33 µs
· For sync cases: MRTD = TAE + propagation delay difference
· Proposal 3a (Huawei): Define MTTD requirements in FR2-2 based on the same principle as current requirements, whether MRTD contains::
· Propagation delay difference
· TAE
· Te + TA_error + TA step size/2 in CC1
· Te + TA_error + TA step size/2 in CC2
· Proposal 3b (Nokia): Define MTTD requirements in FR2-2 based on the same principle as current requirements:
· MRTD + UL transmit error, where UL transmission alignment error contains: 
· Te + TA_error + TA step size/2 in CC1
· Te + TA_error + TA step size/2 in CC2
· Recommended WF
· Discuss the proposals 

	Company
	Comments

	Intel
	Support Proposal 2 with the following correction
· For Async cases: MRTDasync = 0.5 slot
· MRTDasync = MRTDsync , if 0.5*slot time < MRTDsync 
· For sync cases: MRTDsync = TAE + propagation delay difference
Support Proposal 3a

	Huawei
	Support option 1/3a

	LGE
	Proposal 1 and 2 are fine. And fine with Intel’s revision for proposal 2.

	CATT
	Support proposal 1 and prefer Intel’s revision for proposal 2.

	Nokia
	We agree with Proposal 1 and Proposal 3b. 
For proposals 2, we prefer the previous version of the text. 
As for truncation to 33 us, we think it is not needed, since the requirements for the assync cases are for the closest slot boundary without taking slot index into account. So we understand that it only makes sense to have 1/s slot of the largest numerology, since MRTD cannot be larger than ½ slot anyway.

	vivo
	Support proposal 1.

	Apple
	We agree with Proposal 1. 

	Ericsson
	Proposal 1, proposal 2. Proposal 3a == proposal 3b (3a and 3b they are essentially the same to us). 



Issue 3-3-2: Propagation delay
· Proposal 1: For FR2-2, use the same propagation delay assumption as for FR2-1
· Proposal 2: For FR2-2, the propagation delay should be less than that for FR2-1
· Option 1: Based on 500m distance
· Option 2: Based on 1000m distance
· Option 3: FFS
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	We don’t think that the discussion on propagation delay is needed
For FR2-2 + FR2-2 there is no inter-band CA. MRTD for intra-band CA is defined under assumption of collocation, so there is no propagation delay difference.
For FR1 + FR2-2 MRTD depends on maximum propagation delay difference. Which means that MRTD does not depend on maximum distance from UE to FR2-2 BS, but on maximum distance from FR2-2 BS to FR1 BS. We don’t see any justification for considering different assumption on relative FR2-2 to FR1 BS placement comparing to legacy FR2 to FR1 BS placement

	Huawei
	We suggest FFS on propagation delay.

	LGE
	Postpone the discussion until inter-band CA in FR2-2 is introduced in RF session 

	Nokia
	Postpone discussion until inter-band CA in FR2-2 is introduced. 
If we are discussing only single band requirements with FR2-2, I understand that  these distances would be for inter-band FR2-2/FR2-2. 

	vivo
	Option 3 is fine.

	Apple
	Option 3.

	Ericsson
	Proposal 1.




Issue 3-3-4: MRTD for FR2-2 inter-band CA
· Recommended WF
· Option 1: Not an agreed scenario – No MRTD requirements for FR2-2
· Option 2: Discuss the MRTD values based on outcome of Issue 3-3-2

	Company
	Comments

	Intel
	There is only one band in FR2-2. No MRTD requirements are needed unless more bands are introduced in RF room

	LGE
	Fine with option 1.

	Nokia
	Ok with Option 1 for the time being. 

	vivo
	Support Option 1.

	Qualcomm
	Fine with option 1. Can be revisited if RF defines more bands

	Apple
	Option 1.

	Ericsson
	Option 2.



Issue 3-3-5: MRTD for FR1 and FR2-2 inter-band CA
· Proposal 1 (LGE, Apple, Qualcomm): The MRTD for FR1 + FR2-2 inter-band CA should be less than that for  FR1 + FR2-1 inter-band CA
· Proposal 2 (Intel, Ericsson, Nokia): Rel-15 MRTD requirement for inter-band NR CA between FR1 and FR2 between FR1 and FR2 can be applied for FR2-2.
· Proposal 3 (Vivo): Wait for agreements on TAE
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	Support Proposal 2. Shorter MRTD for FR1 + FR2-2 will set limitation on the deployment, FR2-2 BS will need to be placed closer to FR1 BS

	Huawei
	Support proposal 3. It depends on conclusion of 3-3-1 and 3-3-2.

	LGE
	Prefer option 1. FFS for detail MRTD value.

	Nokia
	Support Proposal 2. 

	vivo
	Support Proposal 3. There is still in discussion on TAE from RF.

	Qualcomm
	Support proposal 1and 3

	Apple
	Proposal 1 and 3

	Ericsson
	Proposal 2.



Issue 3-3-6: MRTD for FR1 and FR2-2 NR DC
· Proposal 1: For inter-band synchronous NR DC between FR1 and FR2-2
· Option 1: Use the existing requirements for FR1 and FR2-1 MRTD requirements
· Option 2: Specify shorter MRTD requirements
· Option 3: Wait for conclusions on TAE requirements
· Proposal 2 (Intel, Huawei, Ericsson, Vivo, LGE): For inter-band asynchronous NR DC update Table 7.6.6-2 in TS 38.133 with 480/960 kHz subcarrier spacing as below
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5

	480
	33

	960
	33



· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Intel
	For Proposal 1 we support Option 1 with the same comment as for Issue 3-3-5. 
Support Proposal 2

	Huawei
	For proposal 1 we support option 3.
For proposal 2. We tend to agree with Nokia’s comments in the first round. The slot index is not considered in MRTD. So I am not sure whether it makes sense to define MRTD larger than 0.5 slot.

	LGE
	For synchronous case, option 1 is fine. For asynchronous case, we support proposal 2.

	Nokia
	For proposal 2, we still think it doesn’t make sense to have MRTD larger than ½ slot. 
For proposal 1 we prefer Option 1. 

	Vivo
	For proposal 1, we support option 3. There is still in discussion on TAE from RF.
For proposal 2, we share the same views with Huawei. If the MRTD value for the asynchronous case is larger than 0.5 slot, it may not make sense.

	Apple
	For proposal 1, we support option 3.
For proposal 2, we share Huawei’s view.

	Ericsson
	Proposal 2.




Topic #4: Measurement procedures
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117774
	Vivo
	Proposal 3a: Cell detection period requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 can be reused for FR2-2 under the condition that channel model TDL-A 30ns is assumed.
Proposal 3b: Cell detection period requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 is extended by 3 samples for FR2-2.
Proposal 4: SSB index acquisition delay for FR2-2 should be extended compare to that for FR2-1.
Proposal 5: SSB measurement period requirements for FR2-1 can be reused for FR2-2 for both intra-frequency inter-frequency measurements.


	R4-2118332
	MediaTek
	Observation 1: With 64 SSBs, the minimum MGL is 1.5 ms and 1 ms for SCS of 480 kHz and 960 kHz, respectively.
Observation 2: Given MGL of 1.5 ms is already supported, the improvement of shorter MGL for higher SCS will be limited.
Proposal 1: Not to introduce new gap patterns with smaller MGL for FR2-2
Proposal 2: As a starting point, reuse FR2-1 measurement capability of number of cells and beams for FR2-2.

	R4-2118350
	Ericsson
	Proposal 7: We observed the similar situations, but the compatible channel shall be checked further and detailed sample numbers shall be evaluated.

	R4-2118847
	Huawei
	Proposal 2: Requirements for cell detection for FR2-1 can apply to FR2-2.
Proposal 3: It is proposed that SSB measurement requirements for FR2-1 can apply to FR2-2.



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 4-1: Measurement capability
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 4-1-1: Measurement capability
· Proposal 1 (Mediatek): As a starting point, reuse FR2-1 measurement capability of number of cells and beams for FR2-2.
· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Nokia
	We are fine with proposal 1. 

	Ericsson
	Rely on Issue 4-2-1

	vivo
	Fine with Proposal 1.

	MTK
	Support Proposal 1. It is different issue from issue 4-2-1 in our view.

	Qualcomm
	Fine with the proposal



Sub-topic 4-2: Cell detection
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 4-2-1: Cell detection
· Proposal 1a (Vivo): Cell detection period requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 can be reused for FR2-2 under the condition that channel model TDL-A 30ns is assumed.
· Proposal 1b (Vivo): Cell detection period requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 is extended by 3 samples for FR2-2.
· Proposal 2 (Huawei): Requirements for cell detection for FR2-1 can apply to FR2-2.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Huawei
	Support proposal 2.

	Nokia
	Agree with proposal 2. 

	Ericsson
	It relies on channel definition. Shall we review simulation assumption firstly, TDLA 20 or more? If TDLA_20 is most corner case, the requirement is different. 

	Apple
	We prefer to see more evaluations.

	vivo
	According to our simulation results, if using the channel model from RAN1, the cell detection requirements for legacy FR2 can be reused for new SCS. 
However, the cell detection delay needs to be extended if the requirements are defined under same channel models used for legacy FR2.
Considering the channel delay spread is expected to be smaller for FR2-2 than that for legacy FR2. Therefore, cell detection requirements for FR2-1 can be reused for FR2-2.
For Proposal 2, what channel condition is assumed?


Sub-topic 4-3: PBCH detection for SSB index acquisition
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 4-3-1: PBCH detection for SSB index acquisition
· Proposal 1 (Vivo): SSB index acquisition delay for FR2-2 should be extended compared to that for FR2-1.
· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Nokia
	Need more evaluation.

	Ericsson
	It relies on channel definition. Shall we review simulation assumption firstly, TDLA 20 or more?

	Apple
	We prefer to see more evaluations.

	vivo
	Support Proposal 1. According to our simulation results, SSB index acquisition delay for FR2-2 should be extended compared to that for FR2-1.

	MTK
	We prefer to see more evaluations.



Sub-topic 4-4: SSB measurements
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 4-4-1: SSB measurements
· Proposal 1 (Vivo, Huawei): SSB measurement period requirements for FR2-1 can be reused for FR2-2 for both intra-frequency and inter-frequency measurements.
· Recommended WF
· Discuss the proposals.

	Company
	Comments

	Huawei
	Support proposal 1.

	Ericsson
	Rely on Issue 4-2-1

	vivo
	Support Proposal 1. According to our simulation results, SSB measurement period requirements for FR2-1 can be reused for FR2-2 for both intra-frequency and inter-frequency measurements.



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 

	Sub-topic #4-1
	Issue 4-1-1: Measurement capability
Companies’ views: 
Companies seem to agree with the proposal.
Tentative agreements:
As a starting point, reuse FR2-1 measurement capability of number of cells and beams for FR2-2.

Candidate options:
Recommendations for 2nd round:
No further discussion 


	Sub-topic #4-2
	Issue 4-2-1: Cell detection
Companies’ views: 
Needs more discussion on the channel model and need for simulations
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion in the second round


	Sub-topic #4-3
	Issue 4-3-1: PBCH detection for SSB index acquisition
Companies’ views: 
Needs more discussion on the channel model and need for simulations
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion in the second round


	Sub-topic #4-4
	Issue 4-4-1: SSB measurements
Companies’ views: 
Needs more discussion on the channel model and need for simulations
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion in the second round




Discussion on 2nd round
Sub-topic 4-2: Cell detection
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 4-2-1: Cell detection
· Proposal 1a (Vivo): Cell detection period requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 can be reused for FR2-2 under the condition that channel model TDL-A 30ns is assumed.
· Proposal 1b (Vivo): Cell detection period requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 is extended by 3 samples for FR2-2.
· Proposal 2 (Huawei): Requirements for cell detection for FR2-1 can apply to FR2-2.
· Recommended WF
· Based on the comments from the first round, discuss which channel model to be considered for FR2-2
· Option 1: Channel model from RAN1
· Option 2: FR2-1 channel models
· Further discuss whether additional samples are needed

	Company
	Comments

	Huawei
	Support Recommended WF.

	MTK
	Support Recommended WF.

	CATT
	Support Recommended WF

	Nokia
	We agree with the proposed WF. 

	vivo
	Support Recommended WF.

	Qualcomm
	Support the recommended WF

	Apple
	Support the recommended WF

	Ericsson
	Support Recommended WF.


Sub-topic 4-3: PBCH detection for SSB index acquisition
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 4-3-1: PBCH detection for SSB index acquisition
· Proposal 1 (Vivo): SSB index acquisition delay for FR2-2 should be extended compared to that for FR2-1.
· Recommended WF
· Suggest keeping FFS until channel model is agreed from Issue 4-2-1

	Company
	Comments

	Huawei
	Support Recommended WF.

	MTK
	Support Recommended WF.

	CATT
	Support Recommended WF

	Nokia
	We agree with the proposed WF. 

	vivo
	Support Recommended WF.

	Apple
	Support the recommended WF

	Ericsson
	Support Recommended WF



Sub-topic 4-4: SSB measurements
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 4-4-1: SSB measurements
· Proposal 1 (Vivo, Huawei): SSB measurement period requirements for FR2-1 can be reused for FR2-2 for both intra-frequency and inter-frequency measurements.
· Recommended WF
· Suggest keeping FFS until channel model is agreed from Issue 4-2-1

	Company
	Comments

	Huawei
	Support Recommended WF.

	MTK
	Support Recommended WF.

	CATT
	Support Recommended WF

	Nokia
	We agree with the proposed WF. 

	vivo
	Support Recommended WF.

	Apple
	Support the recommended WF

	Ericsson
	Support Recommended WF


Topic #5: LBT Operation
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2118958
	Nokia
	Observation 1: Most of the requirements with CCA are only applicable for FR1. For these requirements, adaptation for FR2-2 needs to be considered. 
Proposal 1: RAN4 to consider Table 1 for the discussion of the impact of FR2-2 for requirements with CCA. 
	Requirements
	Impact for FR2-2
	Comments

	Cell reselection
	Measurement of serving cell
	Yes
	FR2 scaling factor N1 needs to be defined for requirements with CCA

	
	Intra-frequency
	Yes
	FR2 scaling factor N1 needs to be defined for requirements with CCA
FFS number of SSB candidate positions

	
	Inter-frequency
	Yes
	FR2 scaling factor N1 needs to be defined for requirements with CCA
FFS number of SSB candidate positions

	
	Inter-RAT
	No
	Reuse requirements without CCA as for NR-U

	Handover
	
	yes
	Requirements with CCA need to include 
· FR2-FR2
· FR2-FR1
· FR1-FR2
FFS number of SSB candidate positions

	RRC Connection Mobility Control
	RRC re-establishment
	Yes
	Time to identify target NR cell needs to be defined for FR2 requirements with CCA 

FFS number of SSB candidate positions

	
	RA
	No
	Existing requirements with CCA are also applicable for FR2-2

	
	RRC release with redirection
	Yes
	Time to identify target NR cell needs to be defined for FR2 requirements with CCA 


	UE timing
	UE transmit timing
	FFS
	FFS number of SSB candidate positions


	
	UE maximum receive timing difference
	No
	Reuse FR2 or FR2-2 requirements

	
	UE maximum transmission timing difference
	No
	Reuse FR2 or FR2-2 requirements

	
	TA
	No
	Reuse FR2 or FR2-2 requirements

	
	UE timer accuracy
	No
	Reuse FR2 or FR2-2 requirements

	Signalling characteristics
	SCell activation and deactivation delay
	Yes
	FR2-2 specific requirements need to be defined, like the Tactivation_time 
FFS number of SSB candidate positions


	
	Interruption
	FFS
	FFS if impact on interruptions due to Active BWP switching Requirement

	
	PSCell addition and release delay
	No
	

	
	Active TCI state switching delay
	Yes
	Requirements with CCA should include FR2-2 specific timing TL1-RSRP for MAC-CE based TCI state switch delay

FFS number of SSB candidate positions


	
	Active BWP switching delay
	No
	Impact is generic and covered with FR2-2 requirements without CCA

	
	PSCell change
	No
	

	
	Conditional PSCell change
	No
	

	
	Radio link monitoring
	Yes
	The following needs to be defined for FR2-2 with CCA:
· Maximum number of RLM resources, 
· Evaluation period TEvaluate_out_SSB,CCA and TEvaluate_in_SSB,CCA 
· Measurement restrictions
· Scheduling availability of UE during radio link monitoring fir FR2-2


	
	Link recovery procedures
	Yes
	Define TEvaluate_BFD_SSB_CCA, TEvaluate_CBD_SSB_CCA for FR2-2
Define requirements for cheduling availability of UE performing beam failure detection on FR2-2 with CCA

	
	Uplink spatial relation switch delay
	No
	

	
	UE specific CBW change
	No
	

	
	Pathloss reference signal switch delay
	No
	

	Measurement requirements
	Measurement gap
	No
	

	
	UE measurement capability
	No
	

	
	Intra-frequency
	Yes
	Switching time for FR2
SS-RSRP, SS-RSRQ, SS-SINR side conditions for FR2
Number of Cell and SSBs for FR2
and others.

FFS number of SSB candidate positions


	
	Inter-frequency
	Yes
	Switching time for FR2
SS-RSRP, SS-RSRQ, SS-SINR side conditions for FR2
Number of Cell and SSBs for FR2
and others.

FFS number of SSB candidate positions


	
	Inter-RAT
	No
	

	
	L1-RSRP measurements for reporting
	Yes
	Side conditions
nrofReportedRS must be defined for FR2
The measurement period of TL1-RSRP_Measurement_Period_SSB_CCA must be defined for FR2-2
FFS number of SSB candidate positions


	
	L1-SINR measurements for reporting
	No
	

	
	Cross link interference measurements
	No
	

	
	CSI-RS based measurement
	No
	



Observation 2: In Rel 16 NR unlicensed the number of SSB candidate positions used for RRM core requirements as 2. 
Observation 3: At 60 GHz the narrow beams are expected, which results in a CCA failure probability which is smaller than what is experienced at 5 GHz band.  
Proposal 2: RAN4 to maintain the working assumption on the number of SSB successive candidate positions of the same SSB index from requirements with CCA in FR1 for the operation in FR2-2 before RAN1 reaches conclusive agreement on that topic.

	R4-2118029
	Intel
	Proposal 1: Following that the LBT is mandatory in some regions, and mandatory from the RAN1 perspective, RAN4 need to start working on LBT impact on RRM requirements



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 5-1: Candidate SSB positions
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 5-1-1: Number of candidate SSB positions
· Proposal 1 (Nokia): RAN4 to maintain the working assumption on the number of SSB successive candidate positions of the same SSB index from requirements with CCA in FR1 for the operation in FR2-2 before RAN1 reaches conclusive agreement on that topic
· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Intel
	Prefer FFS

	Nokia
	Considering Intel’s comment, we are also fine with FFS. 

	Ericsson 
	Ok with Proposal 1.

	Apple
	Further discussion is needed. 

	vivo
	FFS

	Qualcomm
	FFS



Sub-topic 5-2: LBT impact
Sub-topic description: 
Open issues and candidate options before e-meeting:
Issue 5-2-1: LBT impact
· Proposal 1 (Nokia): RAN4 to consider the following table for the discussion of the impact of FR2-2 for requirements with CCA.
	Requirements
	Impact for FR2-2
	Comments

	Cell reselection
	Measurement of serving cell
	Yes
	FR2 scaling factor N1 needs to be defined for requirements with CCA

	
	Intra-frequency
	Yes
	FR2 scaling factor N1 needs to be defined for requirements with CCA
FFS number of SSB candidate positions

	
	Inter-frequency
	Yes
	FR2 scaling factor N1 needs to be defined for requirements with CCA
FFS number of SSB candidate positions

	
	Inter-RAT
	No
	Reuse requirements without CCA as for NR-U

	Handover
	
	yes
	Requirements with CCA need to include 
· FR2-FR2
· FR2-FR1
· FR1-FR2
FFS number of SSB candidate positions

	RRC Connection Mobility Control
	RRC re-establishment
	Yes
	Time to identify target NR cell needs to be defined for FR2 requirements with CCA 

FFS number of SSB candidate positions

	
	RA
	No
	Existing requirements with CCA are also applicable for FR2-2

	
	RRC release with redirection
	Yes
	Time to identify target NR cell needs to be defined for FR2 requirements with CCA 


	UE timing
	UE transmit timing
	FFS
	FFS number of SSB candidate positions


	
	UE maximum receive timing difference
	No
	Reuse FR2 or FR2-2 requirements

	
	UE maximum transmission timing difference
	No
	Reuse FR2 or FR2-2 requirements

	
	TA
	No
	Reuse FR2 or FR2-2 requirements

	
	UE timer accuracy
	No
	Reuse FR2 or FR2-2 requirements

	Signalling characteristics
	SCell activation and deactivation delay
	Yes
	FR2-2 specific requirements need to be defined, like the Tactivation_time 
FFS number of SSB candidate positions


	
	Interruption
	FFS
	FFS if impact on interruptions due to Active BWP switching Requirement

	
	PSCell addition and release delay
	No
	

	
	Active TCI state switching delay
	Yes
	Requirements with CCA should include FR2-2 specific timing TL1-RSRP for MAC-CE based TCI state switch delay

FFS number of SSB candidate positions


	
	Active BWP switching delay
	No
	Impact is generic and covered with FR2-2 requirements without CCA

	
	PSCell change
	No
	

	
	Conditional PSCell change
	No
	

	
	Radio link monitoring
	Yes
	The following needs to be defined for FR2-2 with CCA:
· Maximum number of RLM resources, 
· Evaluation period TEvaluate_out_SSB,CCA and TEvaluate_in_SSB,CCA 
· Measurement restrictions
· Scheduling availability of UE during radio link monitoring fir FR2-2


	
	Link recovery procedures
	Yes
	Define TEvaluate_BFD_SSB_CCA, TEvaluate_CBD_SSB_CCA for FR2-2
Define requirements for cheduling availability of UE performing beam failure detection on FR2-2 with CCA

	
	Uplink spatial relation switch delay
	No
	

	
	UE specific CBW change
	No
	

	
	Pathloss reference signal switch delay
	No
	

	Measurement requirements
	Measurement gap
	No
	

	
	UE measurement capability
	No
	

	
	Intra-frequency
	Yes
	Switching time for FR2
SS-RSRP, SS-RSRQ, SS-SINR side conditions for FR2
Number of Cell and SSBs for FR2
and others.

FFS number of SSB candidate positions


	
	Inter-frequency
	Yes
	Switching time for FR2
SS-RSRP, SS-RSRQ, SS-SINR side conditions for FR2
Number of Cell and SSBs for FR2
and others.

FFS number of SSB candidate positions


	
	Inter-RAT
	No
	

	
	L1-RSRP measurements for reporting
	Yes
	Side conditions
nrofReportedRS must be defined for FR2
The measurement period of TL1-RSRP_Measurement_Period_SSB_CCA must be defined for FR2-2
FFS number of SSB candidate positions


	
	L1-SINR measurements for reporting
	No
	

	
	Cross link interference measurements
	No
	

	
	CSI-RS based measurement
	No
	



· Recommended WF
· Discuss the proposal.

	Company
	Comments

	Intel
	Ok with the proposed list of topics for discussion

	Ericsson
	Generally, it is ok to revisit them having CCA definition.

	Apple
	Further discussion is needed.

	vivo
	FFS.

	Qualcomm
	Okay with the initial list, but need further consideration



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 

	Sub-topic #5-1
	Issue 5-1-1: Number of candidate SSB positions
Companies’ views: 
Needs more discussion
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion in the second round


	Sub-topic #5-2
	Issue 5-1-1: Number of candidate SSB positions
Companies’ views: 
Companies seem okay with the initial list but indicated that further discussion is needed
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue discussion in the second round




Discussion on 2nd round (if applicable)
No further discussion needed on this. Revisit the issues after agreements on CCA.

Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on NR extension to 71 GHz – RRM - 1
	Qualcomm
	All agreements to be captured in this document

	
	
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



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

	R4-2120316
	WF on NR extension to 71 GHz RRM requirements (Part 1)
	Qualcomm
	Agreeable
	

	
	
	
	
	



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

Annex 
Contact information
	Company
	Name
	Email address

	ZTE Corporation
	Richie Leo
	Richie.leo@zte.com.cn

	Intel Corporation
	Ilya Bolotin
	Ilya.bolotin@intel.com

	LG Electronics
	Jin-Yup Hwang
	jinyup.hwang@lge.com

	Nokia
	Rafael Paiva
	Rafael.paiva@nokia.com

	vivo
	Qian Yang
	qian9.yang@vivo.com

	Qualcomm
	Prashant Sharma
	prasshar@qti.qualcomm.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)
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