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1 Discussion on selected RRM enhancement topics
1.1 Initial round

1.1.1 Open issues and companies’ view collection
Moderator notes: top 10 topics are prioritized with at least 6 supports of each in RP-201602.
Topic 2.5: SRS antenna port switching (14 supports in RP-201602)

NR SRS antenna port switching [RAN4]
· Specify RRM interruption requirement of NR SRS antenna port switching for NR SA, NR-DC, EN-DC and NE-DC.
· NR SRS antenna port switching impacting LTE CC

· NR SRS antenna port switching impacting NR CC

	Company
	Comments

	MTK
	Support. 
This objective provides the benefit to network in handling unexpected interruptions.

	Qualcomm
	Support
This is an important feature in real deployments and having clear requirements will actually bring clarity to the UE/network behavior.

	Apple
	Support

	Xiaomi
	Support

	LG Electronics
	Support

	CATT
	Support. 

	vivo
	support

	CMCC
	Support

	ZTE
	Support
Clear UE behavior is beneficial for the system.

	OPPO
	Support

	Intel
	Support 

	Huawei
	Support

	Nokia
	Support.

This will ensure clear UE requirements which will facilitate improved network operation.

	NEC
	Support


Topic 2.11: HO with PSCell (10 supports in RP-201602)
HO with PSCell [RAN4]
· Determine the scenarios for HO with PSCell for which RRM requirements are to be specified

· from NR SA to EN-DC

· from EN-DC to EN-DC

· from NE-DC to NE-DC

· from NR-DC to NR-DC

· Study the UE behavior for HO with PSCell

· Existing requirements for HO and PSCell addition as baseline

· Timeline and interaction between HO and PSCell addition

·  Specify RRM requirements for HO with PSCell based on agreed UE behavior

	Company
	Comments

	MTK
	Support. 
We expect HO with PSCell can reduce the time needed to add a PSCell in a target cell after HO. Regarding the requirement detail, RAN4 can further discuss whether to prioritize HO over PSCell addition or concurrent HO and PSCell addition

	QC
	Support. This would bring clarify to specs for all DC deployments.

	Apple
	Support

	Xiaomi
	Support

	LG Electonics
	Support

	CATT
	Neutral. 
We are open to define these requirements but wonder whether it is typical case. Low priority.

	vivo
	Support. We think it is an important area to be include in Rel-17 RRM study.

	CMCC
	Support

	ZTE
	Support

	OPPO
	Support

	Intel
	We are open to this. Existing requirement can be used as starting point.

	Huawei
	Support

	Nokia
	Support. This will clarify the expected delays. We agree that RAN4 could study the UE behavior and based on the agreed outcome, when feasible, re-use existing requirements as baseline. Prefer to remove ‘Timeline and interaction between HO and PSCell addition’ as this would be the outcome of the study. As also mentioned during the initial email discussion the objective description should be clarified.

	NEC
	Neutral. We are open for study


Topic 2.13: PUCCH SCell activation/deactivation (10 supports in RP-201602)

PUCCH Scell activation/deactivation [RAN4]

· Specify Scell Activation Delay Requirement for Deactivated PUCCH Scell (including valid TA and invalid TA)

· Specify Scell Activation Delay Requirement for Deactivated PUCCH Scell with Multiple Scells (including valid TA and invalid TA)

· Specify Scell Deactivation Delay Requirement for Activated PUCCH Scell

· Specify Scell Deactivation Delay Requirement for Activated PUCCH Scell with Multiple Scells.
	Company
	Comments

	MTK
	Neutral. 
We understand the requirement is not complete, but wonder if this requirement brings any additional benefit over the existing ones.

	QC
	Support
We believe clear requirements for this case are very useful to have

	Apple
	Support

	Xiaomi
	Neutral

We support to define the requirement for this feature in Rel-17, but it may not the top 3 priority topic from our side.

	LG Electronics
	Neutral

	CATT
	Neutral. 

	vivo
	Support. We think it is an important feature for FR2.

	CMCC
	Support

	ZTE
	Support

	OPPO
	Neutral

	Intel
	Support 

	Huawei
	Support

	Nokia
	Support. This will make the UE delay requirements clear for network which increases efficiency.

RAN4 should define requirements for realistic UE implementation (e.g. one PUCCH SCell). Start with single PUCCH SCell activation and deactivation requirements. If time allows also define activation and deactivation requirements for PUCCH SCell with multiple SCells.

	NEC
	Support

	Ericsson
	Support


Topic 2.18: UL gap and configuration for UE self-calibration and monitoring in FR2 (9 supports in RP-201602)

· Study and, if feasible, introduce UE specific and NW configured UL gap for general self-calibration and monitoring purpose 
Moderator note: move UL gap discussion to FR2 RF WI based on companies’ comments 

Topic 5.1: CMTC for CSI-RS L3 measurement (9 supports in RP-201602)

CMTC for CSI-RS L3 measurement [RAN4, RAN2]

· RRM requirement based on CMTC for CSI-RS L3 measurement

· Signalling design for CMTC of CSI-RS L3 measurement
	Company
	Comments

	MTK
	Support. 
This requirement should make the whole spec more clear and help set a common understanding on UE behavior in CSI-RS based L3 measurement (e.g., the measurement period and when to expect scheduling restriction)

	QC
	Neutral

	Apple 
	Support

	Xiaomi
	Support

	LG Electronics
	Support


	CATT
	Support. 
Share the same view as MTK that the introduction of CMTC can make the spec more clear and easier understood. Also the network and UE can have better interaction on the resources configuration.  

	vivo
	Neutral. Compared to the first 3 bullets, this can be lower priority.

We are OK to delay CSI-RS based RRM related enhancement to later release.

If enhancement in R17 is needed, we prefer to include all of 5.1, 5.2 and 5.4.

	ZTE
	We don’t see benefit to enhance CMTC only for CSI-RS based L3 measurement. The Rel-16 CSI-RS based L3 mobility only works functionally. CMTC helps nothing if baseline is still Rel-16 framework.

Firstly the number of cells configurable in one MO is limited which is not enough for mobility. Handling of multiple MOs for a CSI-RS frequency layer should be supported to make the feature useable.

Secondly, CSI-RS based intra-frequency measurement are defined without gaps. When there is active BWP switch and CSI-RS resources is not fully within active BWP then no intra-frequency measurement requirements are defined. The feature is broken.

Furthermore if CMTC is introduced then there would be restriction on the relationship with SMTC depending on UE capability and gap configuration. It would make CSI-RS based L3 measurement requirements more complicated unnecessarily.  

	OPPO
	Support. It was almost agreed to be done in Rel-17 in last RAN WG4 meetings.

	Intel
	We are open to this

	Huawei
	Neutral

	Nokia
	Not support. Our understanding is that this should be RAN2 led work. RAN2 should define the procedure and possible configurations based on which RAN4 can define the related requirements. Currently CMTC is not defined by RAN2 and hence it seems difficult to develop the related UE requirements

	NEC
	Support


Topic 2.15: TCI switching enhancement in REL-17 (8 supports in RP-201602)

TCI switching enhancement in REL-17 [RAN4, RAN1]

· Work on the feasibility of enhancement to maintain the UE reception and transmission during the period (or part of period) of MAC CE based TCI switching 

· Work on the feasibility of enhancement to maintain the UE reception and transmission during the period (or part of period) of RRC based TCI switching 
	Company
	Comments

	MTK
	No. 
We do not see the strong motivation to optimize this scenario. During this transition period, the old beam is bad (so network request UE to change) and the new beam is not well synchronized. Forcing UE to stay in either old or new beam does not necessary bring the benefit. It is better to leave it to UE implementation.

	QC
	Do not support
As we commented already, we believe the network can control the timing such that the interruption is minimized.

	Apple
	Support

	Xiaomi
	Neutral

We support to define the requirement for this feature in Rel-17, but it may not the top 3 priority topic from our side.

	LG Electronics
	Neutral



	CATT
	Neutral. 

	vivo
	Neutral  Considering the limitation scope of Rel-17 RRM, we think the benefit of studying this item is limited.

	ZTE
	The benefit of such optimization is unclear. No matter old beam or new beam is used it is high likely the link is not stable.

We see other more important topic that should be included in Rel-17.

	OPPO
	Neutral

	Intel
	Support

	Huawei
	Support

	Nokia
	Support

	NEC
	Support. 
Under TCI state switch enhancement, we propose to include 2.15a also as the objective of 2.15a is to optimize the TCI state switch delay. Also, RAN4 agreed to study it in Rel-17 time frame in RAN4#94-e meeting.
Proposal of 2.15a is provided below:
2.15a TCI state known status mismatch 
· Current TCI state switch delay depends on whether TCI state is known or unknown. When TCI state known or unknown status mismatch happens between gNB and UE, TCI state switch delay value specified in current specification is not optimal. 

· Study and specify how to handle TCI state mismatch and thereby optimise the TCI state switch delay when TCI state mismatch occurs.


	Ericsson
	Support


Topic 2.14: IDLE mode requirement for SMTC2-LP (8 supports in RP-201602)

IDLE mode requirement for SMTC2-LP [RAN4]

· Specify corresponding RRM requirement for SMTC2-LP in IDLE mode
	Company
	Comments

	MTK
	No. 
· Current IDLE requirements have less thing to do with SMTC periodicity
· How to address legacy impact is not clear

	QC
	Neutral
The requirements can be easily derived based on the current requirements since only the SMTC periodicity changes

	Apple
	Support. Some clarification is as below to address the comments from other companies:

Even though this work is not much, but some clarification and revision are still needed for RRM IDLE requirement based on SMTC2-LP, e.g.,

(1) Clarify M2/3/4 based on SMTC in table 4.2.2.3-1/2

(2) Some exception condition clarification (up to SMTC periodicity) in section 4.2.2.4 for inter-freq cells

Revise the interruption requirement for paging reception due to SMTC2-LP.

	Xiaomi
	Neutral

We support to define the requirement for this feature in Rel-17, but it may not the top 3 priority topic from our side.

	LG Electronics
	Neutral

	vivo
	Neutral

	ZTE
	The work is not much. It is preferable to have this in Rel-16 maintenance.

	OPPO
	Neutral

	Intel
	Support. We don’t expect too much effort to introduce this.

	Huawei
	Neutral. Open to this enhancement. But the specification impacts should be limited.

	Nokia
	Not support. We do not see that defining requirements for SMTC2-LP will bring much gain in NR. This can be postponed

	NEC
	Neutral

	Ericsson
	Support. We cannot discuss legacy UE operation in an R17 work item and this should be made clear in an agreed WID. We basically agree with Apple on the  initial view on the scope of the work needed in RAN4, although the full impacts should be analysed and evaluated during the WI itself.


Topic 2.4: RLM enhancement requirement (6 supports in RP-201602)

RLM enhancement requirement 
· Specify the second IS/OOS BLER pair for VoNR service;
	Company
	Comments

	MTK
	Neutral. 
· This is just an optimization for voice-only scenario. 

	QC
	Neutral
This feature will lead to a long discussion on evaluating the right IS/OOS BLER threshold

	Apple
	It was a long discussion in R15 and we hold the same view as in R15. We wonder the necessity to introduce second BLER pair unless we can identify the clear benefit.

	Xiaomi
	Neutral

We are open to discuss this feature in Rel-17.

	LG Electronics
	Not Support

	CATT
	Support. 
This optimization can reduce unnecessary RLF which will benefit both UE and network performance. From the RAN1 LS, it has been observed in LTE that the UE triggers RLF when the voice quality is quite adequate, which makes it essential to study a different BELR pair for VoNR. 

	vivo
	Not support. We do not think the necessity to have this study is justified.

	ZTE
	We don’t see the enhancement is fully justified.

	OPPO
	Neutral

	Intel
	Support. The second IS/OOS BLER has already been supported in RAN1 since R15. However, it cannot be correctly implemented since no corresponding RAN4 requirements.

	Huawei
	Not support. We are not sure if the requirements on second RLM BLER pair are necessary. In practical network, we have not seen clear RLM issue for VoNR, so the gain for defining the second BLER pair is unclear.

	Nokia
	Support. This will help VoNR service quality by ensuring more robust connection. However, this could be lower priority and RLM enhancement requirement for 2nd BLER level could be developed in a later release

	NEC
	Neutral

	Ericsson
	Support


Topic 5.2: Synchronization assumption for CSI-RS L3 measurement (6 supports in RP-201602)

Synchronization assumption for CSI-RS L3 measurement
· for the CSI-RS resource with associatedSSB, the timing is based on the cell given by the cellId of the CSI-RS resource configuration
· CSI-RS based measurement requirements are based on multiple FFT implementation
	Company
	Comments

	MTK
	No. 
This demands a too high UE complexity 

	QC
	Do not support.
This feature will introduce a very high complexity and it is not clear how to decide on how many FFTs to assume. If this becomes a capability then this feature would not be useable anyway.

	Apple
	We are open to discuss this in R17 but it may not be the top priority item.

	Xiaomi
	NO, this feature will increase UE complexity.

	LG Electronics
	Neutral

	CATT
	Support. 
From UE implementation perspective, we think the similar multiple FFT approach has already been used in SSB based measurement, and this should be a typical implementation which has been achieved. The UE implementation complexity should not be an objection since anyway it will be UE capability based and UE can choose not to support this. 
Also from RAN1/2 spec, UE should use the timing of each cell indicated by the cellId in the CSI-RS-CellMobility when associated SSB is configured. So the multiple FFT implementation is aligned with RAN1/2 specification and should be specified in R17.

	vivo
	Neutral.

We are OK to delay CSI-RS based RRM related enhancement to later release.

If enhancement in R17 is needed, we prefer to include all of 5.1, 5.2 and 5.4.

	ZTE
	Support.
To make the feature woke efficiently, multiple FFT should be supported to align UE behavior to procedures specified in RAN1/2 specs.

	OPPO
	Support.

	Intel
	Neutral. We don’t consider this as high priority.

	Huawei
	Neutral

	Nokia
	Not support. This is not seen as high priority work

	NEC
	Neutral


Topic 5.4: Dedicated CSI-RS measurement engine (6 supports in RP-201602)

· UE capability and RRM requirements for UEs with dedicated CSI-RS eng
	Company
	Comments

	MTK
	Neutral
· We support this but can compromise in order to let RAN4 work on more urgent and higher benefit issues.

	QC
	Neutral

	Apple
	We are open to discuss this in R17 but it may not be the top priority item.

	Xiaomi
	Neutral

We are open to discuss this in Rel-17.

	LG Electonics
	Neutral

	CATT
	Support. 
Although UE implementation with dedicated CSI-RS measurement engine is not precluded, no specific requirement is defined for this implementation. We expect UE capability of different type of UE and corresponding requirement can be considered and specified in R17.

	vivo
	Neutral.

We are OK to delay CSI-RS based RRM related enhancement to later release.

If enhancement in R17 is needed, we prefer to include all of 5.1, 5.2 and 5.4.

	ZTE
	Better to have but not with high priority.

	OPPO
	Support.

	Intel
	Neutral. We are open to study. However, RRM requirements are usually defined based on the worst case. Current requirement doesn’t preclude UE with dedicated CSI-RS measurement engine can from having better measurement performance.

	Huawei
	Not support

	Nokia
	Not support. This is not seen as high priority work

	NEC
	Neutral


1.1.2 Companies Preference Indication
While considering RAN4 workload and TU situation, the interested companies are encouraged to only indicate the preferred topics which are essential and have bigger system impacts. The number of selected topics can be decided by individual company.  Per guidance from the chairman, it is aimed to identify the top 3 topics.    
Note: move UL gap discussion to FR2 RF WI

	Company
	2.5 SRS antenna port switching
	Topic 2.11: HO with PSCell
	Topic 2.13: PUCCH SCell activation/deactivation
	Topic 5.1: CMTC for CSI-RS L3 measurement
	Topic 2.14: IDLE mode requirement for SMTC2-LP
	Topic 2.15: TCI switching enhancement in REL-17
	Topic 2.4: RLM enhancement requirement
	Topic 5.2: Synchronization assumption for CSI-RS L3 measurement
	Topic 5.4: Dedicated CSI-RS measurement engine

	MTK
	
	
	
	
	
	
	
	
	

	QC
	
	
	
	
	
	
	
	
	

	Apple
	
	
	
	
	
	
	
	
	

	Xiaomi
	
	
	
	
	
	
	
	
	

	LG
	
	
	
	
	
	
	
	
	

	CATT
	
	
	
	
	
	
	
	
	

	vivo
	
	
	
	
	
	
	
	
	

	CMCC
	
	
	
	
	
	
	
	
	

	ZTE
	
	
	
	
	
	
	
	
	

	OPPO
	
	
	
	
	
	
	
	
	

	Intel
	
	
	
	
	
	
	
	
	

	Huawei
	
	
	
	
	
	
	
	
	

	Nokia
	
	
	
	
	
	
	
	
	

	NEC
	
	
	
	
	
	
	
	
	

	Ericsson
	
	
	
	
	
	
	
	
	

	support
	14


	11
	10
	7
	3
	6
	3
	3
	2

	concerns
	0
	0
	0
	2
	3
	3
	4
	4
	2

	Note: Please use “” to indicate the support on proposals.


1.1.3 Summary and recommendation for further discussion
In this section, the summary of comments on “RRM further enhancement” and the corresponding recommendations are provided.
The following 3 topics have clear majority support with no significant technical concerns. The wording for the objectives requires finer retuning. 

· Topic 2.5 SRS antenna port switching (support: 14, concerns: 0)
· Topic 2.11: HO with PSCell (support: 11, concerns: 0)
· Topic 2.13: PUCCH SCell activation/deactivation (support: 10, concerns: 0)
The following 2 topics have received reasonable number of supports which is significantly higher than the concerns.

· Topic 5.1: CMTC for CSI-RS L3 measurement (support: 7, concerns: 2)
· Topic 2.15: TCI switching enhancement in REL-17 (support: 6, concerns: 3)
The following 3 topics remain as controversial with split opinions

· Topic 2.14: IDLE mode requirement for SMTC2-LP (support: 3, concerns: 3)
· Topic 2.4: RLM enhancement requirement (support: 3, concerns: 4)
· Topic 5.2: Synchronization assumption for CSI-RS L3 measurement (support: 3, concerns: 4)
· Topic 5.4: Dedicated CSI-RS measurement engine (support: 2, concerns: 2)

It is recommended to 

· Agree to introduce topic 2.5, 2.11 and 2.13 in RRM WID. The detailed objectives are subject to finer retuning

· Due to clear majority view, further discuss topic 5.1 and 2.15 in intermediate round. 
1.2 Intermediate round
1.2.1 Open issues

Issue 1: Shall we continue discussing 5.1 and 2.15 considering top 3 RRM topics have been identified?
Option 1: Yes

Option 2: No

Issue 2: If the answer to issue 1 is Yes, do you support to include 5.1 (CMTC for CSI-RS L3 measurement) in RRM WID, providing RAN2 and RAN4 scopes are clearly defined.
Option 1: Yes

Option 2: No

Issue 3: If the answer to issue 1 is Yes, do you support to include 2.15 (TCI switching enhancement in REL-17) in RRM WID

Option 1: Yes

Option 2: No

1.2.2 Companies views’ collection

	Company
	Comments

	MTK
	Issue 1: Yes. We are fine to include one more objective, but the TU needs to be adjusted correspondingly. It is better to open the discussion in GTW session to sync the understanding with chair.
Issue 2: Yes 
Issue 3: No

	Apple
	Issue1: Yes, we think more topics could be included since those two have also many supports.

Issue 2: Yes

Issue 3: Yes. We still believe it’s beneficial to both UE and network side because with this clarification the network and UE could align to use same assumption of TCI for transmission/reception during the TCI switching period. Otherwise, if leave it to UE implementation, it may cause mismatch for the TCI assumption between UE and network. 

	Xiaomi
	Issue 1: Yes, we are fine to introduce these two objectives in Rel-17, accordingly, more TU shall be considered, e.g. at least 2 TU.
Issue 2: Yes

Issue 3: Yes

	NEC
	Issue 1: Yes. We are fine to include these two objective. 

Issue 2: Yes 

Issue 3: Yes. 

We are fine with 2.15. Along with 2.15 we propose to include 2.15a also in the objective since it is already in principle agreed in RAN4#94-e email discussions. Agreement from RAN4#94-e [R4-2002291] is shared below for reference.

“Agreement in second round: TCI state mismatch issue (between gNB and UE) will be further studied in R17 timeline.”

We also proposed 2.15a in the pre-meeting email discussion and during first round of email discussion. Proposal is copied below for reference.

2.15a TCI state known status mismatch 
· Current TCI state switch delay depends on whether TCI state is known or unknown. When TCI state known or unknown status mismatch happens between gNB and UE, TCI state switch delay value specified in current specification is not optimal. 

Study and specify how to handle TCI state mismatch and thereby optimise the TCI state switch delay when TCI state mismatch occurs.

	LG Electronics
	Issue 1: Yes. However, it is dependent on how many TU is available except for Top 3.
Issue 2: Yes 

Issue 3: No

	QC
	Issue 1: No,the other two topics are not crytical. 

Issue 2: No. it’s not clear what benefits CMTC would bring. Since this feature is not supported in Rel.16, CSI-RS L3 measurements will have to be be deployed without it so introducing it later will not have much advantage.

Issue 3: No. if an additiona feature is to be included then this should have higher priority compared to CMTC for CSI-RS L3.

	CATT
	Issue 1: Yes. 

We think the scope is quite limited even with top 5 topics since each topic just impact 1 or 2 requirement. The topic in this E-mail thread is quite different from topics in other E-mail threads. We propose to include more topics in the WID, e.g. all 10 topics or at least 8.
Issue 2: Yes. 

Issue 3: Neutral. 

	CMCC
	We should stick to the guidance from chairman to only choose top 3 topics. Prefer to not further extend the scope.
 

	OPPO
	Issue 1: No. We do not think these two topics are urgent compared to Top 3. 
Issue 2: No. CMTC can be considered together with other potential issues of enhancement for CSI-RS L3 measurement, in a later phase if needed.
Issue 3: Neutral.

	vivo
	Issue 1: Neutral
Issue 3: No

	Huawei
	Issue1: Yes, we can further discuss.

Issue 2: Not support. If CMTC is specified, the CSI-RS L3 related requirements will be revised accordingly. In addition, the benefit of introducing CMTC is unclear.

Issue 3: Yes. It is better to clearly specify UE behavior.

	ZTE
	Issue 1: Yes. 

Issue 2: No. 

As commented in the initial round, we don’t see any value to enhance CSI-RS based measurement for CMTC only. 

Issue 3: Yes. 

Though we don’t see much value to enhance this, it would be okay to have it if TU allows as this is only choice left.

	Intel
	Issue 1: Yes. We probably have more than one year to complete the core part. We believe RAN4 can handle more than 3 objectives (2.5, 2.11 and 2.13) in R17 RRM Enh WI. Especially for 2.11 and 2.13, we don’t expect too much RAN4 effort given that 1) for 2.11 existing HO and PSCell addition requirement can be considered as starting point; 2) for 2.13 existing LTE requirements can be used as baseline.

Issue 2: neutral

Issue 3: yes.

	Ericsson
	Issue 1: No. 

Issue 2: No 

Issue 3: No 

	Nokia
	Issue 1: Option 2. Accounting the recommendation of having 3 objectives per WI we initially support option 2. Once RAN4 has agreed on the detailed objective description, it can be discussed whether there are TUs for additional objectives. As commented earlier our view is that 5.1 and introduction of a measurement timing configuration for CSI-RS for L3 mobility is a WI that should be RAN2 led. Hence, if TUs allow, additional objective to consider could be 2.15.

Issue 2: Option 2. As mentioned, our view is that this WI proposal should be RAN2 led. It seems difficult to answer this question without a more concrete scope description.

Issue 3: Option 2. Accounting the recommendation of having 3 objectives per WI we initially support option 2. 


1.2.3 Summary and recommendation for further discussion


9 companies suggest consider topics in additional to top 3
· 5.1 (6 supports)

· 2.15 (6 supports)
5 companies suggest only top 3 are considered.
1.3 Finetuning round
2 Discussion on selected MG enhancement topics
2.1 Initial round

2.1.1 Open issues and companies’ view collection

Moderator notes: top 4 topics are selected with at least 6 supports in RP-201602.
Topic 3.6: Pre-configured MG pattern(s) per configured BWP (fast MG configuration) (12 supports in RP-201602)

Pre-configured MG pattern(s) per configured BWP (fast MG configuration) [RAN4, RAN2] 
· RRM requirements for pre-configured MG pattern(s) per configured BWP [RAN4]

· Define maximum number of MG pattern(s) per configured BWP and maximum number of total MG patterns per UE

· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or MAC-CE based BWP switch

· Define measurement period requirements with pre-configured MG pattern(s) per configured BWP in the presence of one or more BWP switch per measurement period

· Specification of applicability of pre-configured MG pattern(s) per configured BWP [RAN4]

· Signaling design for pre-configured MG pattern(s) per configured BWP [RAN2]

	Company
	Comments

	MTK
	No
· We understand the motivation. But the benefit of this feature is very limited. This feature only works when UE is configured with single CC. In this case, whether the gap is needed can be completely determined by that CC. For multiple-CC cases (NR CA, EN-DC, NR-DC, NE-DC), this feature does not work because it create unexpected interruption to other CC or other RAT.
· We are OK to discuss it in RedCap WI.

	QC
	Support
This feature would reduce the signaling overhead and reduce measurement delays(re-configuring gaps often comes with an additional delay).

	Apple 
	Support

	Xiaomi
	Support

	LG Electronics
	Support

	CATT
	Support. 

	vivo
	Support

	CMCC
	Support

	ZTE
	The scope is unclear. 

Is this for single CC or for CA/DC either?

In single CC case, there might be some benefit but not obvious and single CC may not be a very common deployment.

For CA/DC cases this seems like a per-CC measurement gap. We don’t have per-CC based measurement gap so far. So at least feasibility of per-CC based measurement gap should be studied.

	OPPO
	Support

	Intel
	Support. We don’t think this will create unexpected interruption in multiple-CC cases., since BWP and MG are both configured by network without any ambiguity. Detailed solution can be discussed in the work item phase to align the network configuration and UE behavior. On the other hand, without this enhancement, network has to reconfigure measurement gap via RRC once BWP switch happens, which is low efficient and may cause interruption as well.  

	Huawei
	Neutral

	Nokia
	Not support. However, we still see that this is a study that should be led in RAN2. RAN2 should first define how this would work, and once procedures are ready in RAN2, RAN4 can work on the related UE requirements.

	NEC
	Support

	Ericsson
	Support. The scope could be simplified if necessary to discuss a single preconfigured GP (or single preconfigured FR per FR range for UE supporting per FR gap). Then the preconfigured GP is either used or not used, depending on active BWP on configured CCs. We think a solution for multiple-CC is possible, although we can agree with MTK comment that the eNB/gNB needs to be aware of BWP which is active on each serving NR CC.


Topic 3.3: Multiple concurrent and independent MG patterns (10 supports in RP-201602)

Multiple concurrent and independent MG patterns [RAN4, RAN2]

· RRM requirements for concurrent and independent MG/SMTC patterns [RAN4] 
· Define maximum number of concurrent and independent MG/SMTC patterns active at any time

· Specification of multiple concurrent MG patterns (MGL, MGRP)/ SMTC patterns and constraints on total NW overhead

· Specification of rules and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 

· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
· Signaling design for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
	Company
	Comments

	MTK
	Change scope to PRS only
· As we mentioned before, current network can already allocate SSB/SMTC of different frequency layers within gap. There is no need to add one more independent gap configuration for SSB-based measurement.
· We are fine to consider this for other purpose like positioning, since the RS periodicity could be 32, 64, 128 slots, which do not fit well in current gap pattern.

	QC
	Support
This feature has the potential to improve system throughput more than the gap sharing enhancements because network can configure the exact gaps needed for measurements so additional overhead(e.g. unnecessary gaps) can be eliminated

	Apple 
	Support

	Xiaomi 
	Support

	LG Electronics
	Support


	CATT
	We are open to discuss this item but the independent gap should be just used for different type of measurement (e.g. PRS measurement and SSB based measurement). Also the trade-off between network flexibility and impact on network freedom is needed. 

	vivo
	Support

	CMCC
	Support

	ZTE
	Support on the condition that scope of independent and concurrent gap patterns are for different measurement types, e.g. SSB based measurement, PRS based measurement and maybe CSI-RS based measurement etc..

	OPPO
	Support

	Intel
	Support. Multiple concurrent SMTC patterns can bring significant flexibility to network deployment and increase mobility performance. Multiple MG patterns can be used to cover this scenario. On the other hand, enabling parallel MG pattern for measurement with different purpose can also increase efficiency and network performance.

	Huawei
	Support. But have concern on multiple SMTC. 

On multiple SMTC pattern, we understand the intention is to introduce multiple SMTC patterns per MO (because it is already configured per MO today). If so, the use case is a bit unclear to us. Considering that the intra-frequency requirements with dual SMTC is already complex, we do not think RAN4 should further consider multiple SMTC patterns unless the motivation is clear.

	Nokia
	Not support. However, we still see that this is a study that should be led in RAN2. It is not clear if there will be gain compared to reconfiguration of measurements gaps. RAN2 should first define how this would work, and once procedures are ready in RAN2, RAN4 can work on the related UE requirements

	NEC
	Support

	Ericsson
	Different GP for different SMTC per frequency layer is likely to lead to too much overall gap density, the network needs to arrange for good commonality between measured SMTCs to allow efficient throughput (as it needs to anyway with R15/R16 UEs). For separating PRS and SSB based measurements there may be a point in adding support for this flexibility because PRS measurement should be a relatively infrequent operation.


Topic 3.1: Network Controlled Small Gap (NCSG) specification (9 supports in RP-201602)

Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
· RRM requirements for NCSG [RAN4]

· Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 

· Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)

· Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL

· Measurement requirements with NCSG

· Specification of applicability of NCSG patterns [RAN4]

· Signaling design for NCSG patterns [RAN2]
	Company
	Comments

	MTK
	Support
· This objective brings the benefit to reduce the gap interruption. It is better to also consider the Rel-16 signaling NeedForGap together when discussing the requirement. 

	QC
	Support
This feature can increase the throughput by a large amount and should be straightforward to specify given that it was already defined in LTE

	Apple
	We are open to discuss this item but as we commented in RP-201602 the NCSG benefit is not as big as in LTE network, so we think it shall not be the top priority item in MG enhancement WI.

	Xiaomi
	Support. This feature can reduce the interruption during gap-assisted measurement. 

	LG Electonics
	Neutral

	CATT
	Support. 

	vivo
	Neutral

	CMCC
	Support

	ZTE
	Support

	OPPO
	Neutral

	Intel
	Neutral.

	Huawei
	Neutral. 

Take priority based approach to decide the scope for MG enhancement.

	Nokia
	We can support introducing NCSG. We see that this could bring some additional benefits.

	NEC
	Neutral

	Ericsson
	Support


Topic 3.8: MG sharing enhancement (8 supports in RP-201602)

MG sharing enhancement [RAN4, RAN2]

· Study mobility benefit and data throughput impact as well as UE complexity to enhance the MG sharing mechanism to offer network operators more flexibility on prioritize certain measurement (e.g., measurement on certain RAT) [RAN4]

· Introduce RRM requirements and signaling design according to the outcome of study phase of MG sharing enhancement [RAN4, RAN2]

· MG sharing enhanced mechanism [RAN4]

· RRM measurement with enhanced MG sharing mechanism [RAN4]

· RRC signaling support for MG sharing enhancement if needed [RAN2] 

	Company
	Comments

	MTK
	Support
· This provide the benefit to network to prioritize the measurement of a certain sub-set of frequency layers, e.g., between FR1/FR2, between LTE/NR or others

	Qualcomm
	Do not support
The objective is not clear and it is not even clear if the enhancement is possible or whether gains are significant. This will also make CSSF even more complicated than it already is(if it is even possible to make CSSF even more indecipherable than now)

	Apple
	Support

	Xiaomi
	Neutral

We support to discuss this feature in Rel-17, but it may not be the top 3 priority item from our side.

	LG Electronics
	Support

	CATT
	Support. 

	vivo
	Neutral

We understand the motivation of this study however considering the scope limitation we think this one could have relative low priority.

	ZTE
	Support

	OPPO
	We are open to this.

	Intel 
	Support. The singling bit string for MG sharing is quite limited in R15/R16. For instance, LTE plays a key role in EN-DC operation from mobility perspective. So depending on different demands from different network operators, it would be much beneficial if the MG sharing mechanism can allow network to prioritize any RAT measurement. Thus, it’s desirable to enhance the MG sharing mechanism and signaling to offer network operators more flexibility on prioritize any RAT measurement.

	Huawei
	Not support

	Nokia
	Neutral. It is not clear what the potential gain could be e.g. compared to what can be controlled already using different measurement configurations. Will this topic contain a study phase initially?

	NEC
	Neutral


2.1.2 Companies Preference Indication

While considering RAN4 workload and TU situation, the interested companies are encouraged to only indicate the preferred topics which are essential and have bigger system impacts. The number of selected topics can be decided by individual company. Per guidance from the chairman, it is aimed to identify the top 3 topics.     
	Company
	Topic 3.6: Pre-configured MG pattern(s) per configured BWP (fast MG configuration)
	Topic 3.3: Multiple concurrent and independent MG patterns
	Topic 3.1: Network Controlled Small Gap (NCSG) specification
	Topic 3.8: MG sharing enhancement

	MTK
	
	
	
	

	QC
	
	
	
	

	Apple
	
	
	
	

	Xiaomi
	
	
	
	

	LG
	
	
	
	

	CATT
	
	
	
	

	vivo
	
	
	
	

	CMCC
	
	
	
	

	ZTE
	
	
	
	

	OPPO
	
	
	
	

	Intel
	
	
	
	

	Huawei
	
	
	
	

	Nokia
	
	
	
	

	NEC
	
	
	
	

	Ericsson
	
	(For PRS and SSB based measurements, not  for different SMTC)
	
	

	supports
	11
	10
	8
	6

	concerns
	3
	1
	1
	2

	Note: Please use “” to indicate the support on proposals.


1
2.1.3 Summary and recommendation for further discussion
All topics have received reasonable number of supports which is significantly higher than the concerns.
It is recommended to 

· Agree to introduce topic 3.6, 3.3 and 3.1 in MG WID. The detailed objectives are subject to finer retuning

· Further discuss 3.8 in intermediate round.

2.2 Intermediate round

2.2.1 Open issues

Issue 1: Shall we continue discussing 3.8 considering top 3 MG topics have been identified?

Option 1: Yes

Option 2: No

Issue 2: If the answer to issue 1 is Yes, do you support to include 3.8 (MG sharing enhancement) in MG WID, providing RAN2 and RAN4 scopes are clearly defined.

Option 1: Yes

Option 2: No
Issue 3: Do you agree to limit 3.3 to PRS related scope only?

Option 1: Yes

Option 2: No

2.2.2 Companies views’ collection

	Company
	Comments

	MTK
	Issue 1: We are fine to consider one more objective in the measurement gap WI, but the TU needs to be adjusted correspondingly. It is better to open the discussion in GTW session to sync the understanding with chair.
Issue 2: Yes
Issue 3: Yes. 

	Apple
	Issue1: Yes, we think more topics could be included since 3.8 also has many supports.

Issue 2: Yes

Issue 3: No. We suggest to discuss the requirement applicability during the WI rather than removing the possibility at this stage since we think it has benefit to have multiple MGs for RRM measurement to accommodate different SMTC configurations on different inter-frequency layers.  

	Xiaomi
	Issue 1: Yes, we support to add topic 3.8 in the WID if more than 3 objectives are considered in this WID.
Issue 2: Yes
Issue 3: No, we think it is better to have such discussion during WI stage.

	NEC
	Issue 1: Neutral. Our understanding is that it may make CSSF more complex, also the motivation/gain is not very clear to us. 
Issue 2: Neutral
Issue 3: Yes. Concurrent MG patterns are more useful when PRS and RRM are to be performed in parallel. Motivation is not clear for us for concurrent RRM+RRM measurements.  

	LG Electronics
	Issue 1: Yes. We are fine to include it if TU is available except for Top 3.
Issue 2: Yes 

Issue 3: No

	QC
	Issue 1: No

Issue 2: No. if this was to be agreed, a clear scope should be identified (e.g. under what scenario/assumptions there would be gain)

Issue 3: No. this would be an artificial limitation. What would be the reason not to apply it to any measurements?

	CATT
	Issue 1: We are fine to include one more objective in the MG WI.
Issue 2: Yes. 
Issue 3: Yes. 

	CMCC
	Issue 1:No

Issue 2: No

Issue 3: No. The original proposal and motivation has nothing to do with PRS only. We don’t think such restriction is needed.

	OPPO
	Issue 1: We are open to continue discussing 3.8.
Issue 2: Neutral. If this was to be agreed, a clear scope should be identified.
Issue 3: No. There is no need to make such restriction at this stage.

	vivo
	Issue 1: Neutral
Issue 2: Neutral
Issue 3: No.

	Huawei
	Issue 1: No. Different MG sharing mechanism has been introduced in Rel-15 for different deployments, and the gain of further optimization needs to be justified. 
Issue 2: No
Issue 3: No. 

Firstly as we comment in the initial round, regarding 3.3, we support RRM requirements for concurrent and independent MG, and not support to introduce multiple SMTCs/frequency layer.
Secondly we think the use cases are valid and meaningful for mobility purposes as well, e.g. multiple MOs with unaligned SMTC, RRM and positioning measurement. It can enable flexibility in NW configuration, more efficient use of MG based on the purpose of the measurement, which can translate into improved measurement performance and UE/NW throughput.

	Intel
	Issue 1: yes. We probably have more than one year to complete the core part. we believe RAN4 can handle more than 3 objectives (3.6, 3.3 and 3.1) in MG Enh WI. Especially for 3.1, which comes from LTE design, we don’t expect too much RAN4 effort. Existing LTE requirement can be used as baseline.

Issue 2: yes. It would be much beneficial if the MG sharing mechanism can allow network to prioritize any RAT measurement, such as LTE measurement in EN-DC. On the other hand, we don’t think this will bring significant workload in RAN4.

Issue 3: no. allowing 3.3 to cover multiple SMTC can increase network deployment flexibility in future, considering more and more small cells are going to be deployed. From UE complexity point of view, we don’t see too much extra effort based on the assumption that UE can support 3.3 to handle SMTC and PRS in parallel.

	Ericsson
	Issue 1: No. This objective is also not very essential in our opinion.

Issue 2: No 

Issue 3: Yes. We provided reasoning in the first round (see table in section 2.1.1).  

	Nokia
	Issue 1: Option 2. Accounting the recommendation of having 3 objectives per WI we support option 2 and only include 3 objectives in the WI.

Issue 2: Option 2.

Issue 3: Option 1. Initially we did not support this topic due to questionable gain and leading WG should be RAN2. However, we think it is important to consider PRS related measurements and gaps and looking at this for PRS measurements is agreeable. We think such work could be initiated by RAN4.


2.2.3 Summary and recommendation for further discussion


	
	

	
	

	
	

	
	


6 companies suggest consider topics in additional to top 3

· 3.8 (6 supports)

5 companies propose only top3 are considered
Majority companies propose not to limit 3.3 (Multiple concurrent and independent MG patterns) to PRS 
2.3 Fine-tuning round

2.3.1 Open issues and companies’ view
2.3.2 Companies views’ collection

	Company
	Comments

	A
	

	
	

	
	


2.3.3 Summary and recommendation for further discussion

In this section, the summary of comments on Topic#1 and the corresponding recommendations are provided.

	
	Summary and recommendation

	
	

	
	

	
	


3 Other topics
3.1 Initial round

3.1.1 Open issues and companies’ view collection

Based on the discussion in RP-201602, topics listed in this section are not prioritized. Interested companies can still provide your comments if there is different opinion. 

	Section ID
	Proposals for R17 FeRRM

	2.1
	NR RRM requirement for UE different RX beam sets in FR2 [RP-200641]

	2.2
	CSI-RS based L3 mobility [RP-200813, RP-200926]

	2.3
	RRC release with redirection enhancement [RP-200813]

	2.6
	Active TCI-state switch for CSI reporting via CSI-RS reconfiguration [RP-200939]

	2.7
	Gapless measurement [RP-200939, RP-201030]

	2.8
	[Study phase] Enhanced DCI-based BWP switch in FR2 [RP-200939]

	2.9
	Inter-RAT NR measurement without gaps when configured with EN-DC [RP-201030]

	2.10
	BFR based on CBRA [RP-201030]

	2.12
	RRM Enhancement for larger CC number [RP-201101]

	2.16
	Non-simultaneous UL carrier operation in FR2 [RP-201101]

	2.17
	CGI reading enhancements [RP-201101]

	2.19
	Intra-band non-contiguous NR CA for non-co-located deployment in FR1

	3.2
	Burst gap patterns specification [RP-201000]

	3.4
	[Positioning related] New measurement gap patterns for PRS measurement [RP-201000, RP-201115]

	3.5
	On-demand UE-initiated MG request [RP-201000]

	3.7
	Per-CC MG configuration [RP-201000]

	3.9
	[Study phase] Enhanced utilization of UL slots before and after measurement gap [RP-200939]

	3.10
	[NR-U related] Measurement gap enhancements for NR-U [RP-201101]

	4.1
	UL spatial relation change requirement for BC bit-0 UE [issue 1 in section 1 of RP-201344]

	4.2
	SRS carrier switching requirement for inter-band FR2 CA [issue 2 in section 1 of RP-201344]

	4.3
	Multiple SCell activation/deactivation requirement in FR2 inter-band CA [issue 3 in section 1 of RP-201344]

	4.4
	UE transmit timing adjustment enhancement [RP-200813, issue 5 in section 1 of RP-201344]

	4.5
	[eMIMO related] Applicable timing for pathloss RS activated/updated by MAC-CE [RP-200813]

	5.3
	Multiple MO per frequency layer

	5.5
	CSI-RS based L3 measurement has collision with SSB and/or CSI-RS based L1 measurement.

	6.1
	UE behavior for the case of active BWP switching during PRS measurement [issue 2 in section 3 of RP-201344]

	6.2
	Concurrent PRS processing and RRM measurements [issue 3 in section 3 of RP-201344]

	6.3
	Scheduling restrictions for PRS measurements in FR1 [issue 5 in section 3 of RP-201344]

	7.1
	CSI-RS based RRM for NR-U [proposal 1 of RP-201323]

	7.2
	UE behavior in RRC_CONNECTED mode when serving cell is unavailable for consecutive SSB bursts [Sub-topic 1-2: of R4-2012208]

	7.3
	UE behavior in TCI state switching failure under NR-U [Issue 5-3-2 of R4-2012206]


Companies’ view
	Company
	Comments

	MTK
	Some objectives that can also be considered in Rel-17:
· 2.7 (Gapless measurement) and 2.9 (Inter-RAT NR measurement without gaps when configured with EN-DC) could be considered together with 3.1 (NCSG)
· 4.2 (SRS carrier switching requirement for inter-band FR2 CA) and 4.3 (Multiple SCell activation/deactivation requirement in FR2 inter-band CA) require only minimal extra work in RAN4.

	QC
	Some other objectives that can be considered:
3.2 Burst gap pattern – this is useful for offloading scenarios, the need will increase in future deployments



	Apple
	We think topic 2.12 and topic 7.2 is also worthwhile to be discussed. Topic 2.12 aims to address the potential issue of mismatch between RF band-combination capability and RRM CC number assumption. Topic 7.2 aims to address the mobility issue when serving cell is consistently undetectable in NR-U system. 

	LG
	We think topic 2.1 and 2.12 are needed to be discussed. Because, the topic 2.1 aims to study how to guarantee UE to apply same RX beam set. For 2.12, UE complexity needs to be considered together.

	CATT
	Some objectives that can be considered: 
2.2 (CSI-RS based L3 mobility), 5.3 ( Multiple MO per frequency layer) and 5.4 ( CSI-RS based L3 measurement has collision with SSB and/or CSI-RS based L1 measurement) can be discussed as a package. 

	CMCC
	We support 2.9: Inter-RAT NR measurement without gaps when configured with EN-DC to be included in RRM enhancement WI.

	ZTE
	There are topics that should be supported in Rel-17.
Topic 2.2 CSI-RS based L3 mobility
At least requirements for below cases should be specified in Rel-17 to make the feature work.

· Case 1. The BW of the target CSI-RS resources is not within the active BWP of the UE for intra-frequency measurement
· Case 6. Multiple MOs for CSI-RS measurement as one frequency layer
· Case 2. The BW of the target CSI-RS resources is within the active BWP of the UE for inter-frequency measurement

Topic 4.4 UE transmit timing adjustment enhancement
UE behavior of UL transmit timing adjustment when there are TCI state switch, UL spatial relation switch or Rx beam switching should be specified to ensure BS demodulation performance. UL synchronization failure could happen if the UE transmit timing is not adjusted by adapting to beam change.

	SoftBank
	We support 2.19
Intra-band non-contiguous NR CA for non-co-located deployment in FR1, and the same discussion is also ongoing under demod discussion, and the decision should be synchronized.

	OPPO
	We suggest some other topics can also be considered conditionally, including

· 5.5 (CSI-RS based L3 measurement has collision with SSB and/or CSI-RS based L1 measurement) if CSI-RS L3 measurement enhancement was agreed to be involved in Rel-17.
· 2.7 (Gapless measurement) if 3.1 (NCSG) was agreed to be involved.

	Intel
	We think we can handle more than 4 objectives in MG enhancement. E.g. we can target at top 5 objectives according to companies’ interest. Thus 3.4 new MG for PRS, which is the 5th popular objective according to RP-201602, can be taken into account.

	Vodafone
	We support 2.9: Inter-RAT NR measurement without gaps when configured with EN-DC to be included in RRM enhancement WI. This is really a low-hanging fruit, so should take minimum time, but important to know what the performance is.

	Huawei
	We support to add 2.9 to RRM enhancement WI.

We support Softbank proposal to add 2.19 to RRM enhancement WI, which is important for deployment.

	Nokia
	We believe some of the topics are not suitable as RAN4 led work but should be led by RAN2 instead. 

Some other topics which could be considered:

3.4: New measurement gap patterns for PRS measurement – two new measurement gap patterns were agreed to be introduced for positioning in Rel-16. We see benefits in defining further PRS GPs for Rel-17 to improve positioning performance.

3.2: Burst Gap Pattern – This could useful for offloading measurements.

	LG Uplus
	We support to add 2.1(mid priority) and 2.19(high prioirity) to RRM enhancement WI. 

2.1 - NR RRM requirement for UE different RX beam sets in FR2 
2.19 - Intra-band non-contiguous NR CA for non-co-located deployment in FR1


3.1.2 Summary and recommendation for further discussion

Four companies including two operators are interested in 2.9
Three companies including two operators are interested in 2.19
Views on other topics remain diverged. 

3.2 Intermediate round

3.2.1 Open issues

3.2.2 Companies views’ collection

	Company
	Comments

	QC
	We believe 2.19 would be very useful to have and the amount of work needed is trivial. RAN4 requirements for already defined measurements would be re-used and RAN2 signaling changes are very simple. 
Feature 2.19 is more important than any of the additional features discussed under Sections 1 or 2 and has more operator support.

	vivo
	We support 2.9 to be included in RRM enhancement WI.

	Huawei
	Support 2.19, intra-band non-co-located deployment in FR1 is a realistic and important scenario. 

Support 2.9.

	SoftBank
	Support 2.19, we would emphasize that this is an issue observed in our real life network, and solution in Rel-17 really helps. Please note that 2 operator friends showed their support under demod email discussion. 

	Ericsson
	Support to include only topic 2.9


3.2.3 Summary and recommendation for further discussion

In this section, the summary of comments on Topic#1 and the corresponding recommendations are provided.

six companies including two operators are interested in 2.9

Five companies including two operators are interested in 2.19

Views on other topics remain diverged. 

3.3 Fine-tuning round

3.3.1 Open issues

3.3.2 Companies views’ collection

	Company
	Comments

	A
	

	
	

	
	


3.3.3 Summary and recommendation for further discussion

In this section, the summary of comments on Topic#1 and the corresponding recommendations are provided.

	
	Summary and recommendation
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