3GPP TSG-RAN WG4 Meeting #101-e	R4-2119350
Electronic Meeting, 1 – 12 November, 2021
	
Title: 	Discussion on multiple concurrent MGs
Source: 	Huawei, HiSilicon
Agenda item:	8.11.2.2
Document for:	Approval
Introduction
RAN4#100-e discussed the support of concurrent MGs, and the outcome of the discussions are captured in WF [1]. Based on our understanding, the following issues are to be further discussed:
· Association between measurements and concurrent MGs
· UE capability for concurrent MGs
· Overlapping of concurrent MGs
· Overhead cap for current MGs
· Applicability of current MGs 
· Measurement requirements with concurrent MGs
· Other issues 
In this paper we will provide our views on support of concurrent MGs.
Discussion
Association between measurements and concurrent MGs
	Issue 2-5: Association between PRS measurement and MG 
· Agreement:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
· FFS whether to keep or remove “exclusively”
· How to handle the overlapping with the other gap can be discussed in a separate issue


In RAN4#100-e, it was agreed that PRS measurement is associated with only one of the concurrent MGs, which means NW cannot associate PLF (Positioning Frequency Layer) #1 to MG#1, and PLF#2 to MG#2, but all PFLs should be associated to MG#n, n=1 or 2 (how to signal the association is up to RAN2). The remaining issue is whether PRS measurement is “exclusively” associated with one of the concurrent MGs.
If our understanding is correct, if we keep the “exclusively”, it means the MG which the PRS measurement is associated to can be only used for PRS measurement, and cannot be used for RRM measurement. In our view, such a restriction is not needed. 
In a related discussion in Rel-17 ePOS WI, some companies proposed to introduce dedicated MG for PRS measurement. Even it is supported, the decision on whether to dedicate a MG for PRS measurement should be up to NW, i.e. if NW consider the PRS measurement as urgent or important, it can just associate no RRM measurement to the MG which is used for PRS measurement, otherwise it can associate some RRM measurement to the same MG. It is noted that using the same MG for RRM and PRS measurement is already supported in Rel-16, so it should not be excluded from concurrent MG scenario. 
Proposal 1: Remove “exclusively” in the following agreement:
· PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
UE capability for concurrent MGs
	Issue 3-1: Whether to allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs
· Open issues
· Option 1: No
· Option 2: Yes 
· Option 2a: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement
· Note: If Option 2 or 2a is agreed, inform RAN2 about the RAN4 decision.

Issue 3-2: Max number of concurrent gap across all FRs for per-FR gap capable UEs
· Open issues
· Option 1: 3
· Option 2: 4 

Issue 3-3: All possible combinations for per-FR gap capable UE
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported





We support to allow simultaneous configuring per-UE MG and per-FR MG for per-FR MG capable UEs. In RAN4#100-e, it was agreed in Rel-16 POS WI that PRS measurement can only be performed with per-UE MG. If one of concurrent MGs (e.g. MG#1) is used for PRS measurement and another (e.g. MG#2) for RRM measurement, MG#1 needs to be a per-UE MG, and if simultaneous per-UE MG and per-FR MG is not supported, it means the MG#2 has also to be per-UE even UE supports per-FR MG for RRM measurements. Therefore, option 2a for Issue 3-1 should be supported.
While we agree that when only RRM measurements are concerned, there is no strong motivation to have simultaneous per-UE MG and per-FR MG, but if option 2a is supported, we do not see clear reason why option 2 cannot be supported from UE measurement perspective. 
On the maximum number of concurrent MGs across all FRs for per-FR MG capable UE, we support option 1, i.e. 3. It is noted that a per-FR MG capable UE is already required to perform parallel measurement for FR1 and FR2 MOs, and more concurrent MGs means higher UE complexity and higher UE processing capability, which further means supporting the feature becomes more costly and less attractive from UE perspective. We believe 3 is a reasonable value considering usage of the feature in the real NW. 
Based on above analysis, we support Combination Index 3 and 4 in the table for Issue 3-3 in [1], while Index 5 and 6 are not supported.
Proposal 2a: Support simultaneous per-UE MG and per-FR MG for per-FR MG capable UEs.
Proposal 2b: Max number of concurrent MGs across all FRs for per-FR MG capable UE is 3.
Proposal 2c: Combination Index 3 and 4 in the Table for Issue 3-3 in [1] are supported, and Index 5 and 6 are not supported.
Overlapping of concurrent MGs
	Issue 4-1: Rule for colliding gap occasions, if one of FO, FPO, PFO, PPO cases is introduced
· Agreement:
· Define a general rule for UE from the following  aspects:
· Gap collision handling on UE’s measurement behavior if it is agreed to define the requirements for any or all of the FO/FPO/PFO/PPO/FNO cases
· Option 1: Define a sharing factor between 2 gaps, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining
· Option 2: Consider priority when measuring only in one MG in occasions where the two MGs are overlapped. Consider gap sharing if each priority for two MGs is same
· Option 3: Only priority rule, e.g., UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions.
· Option 4: Per-UE MG takes higher priority than per-FR MG for case2 when two MGs of different types overlap.
· Option 5: Define a priority pattern to indicate which gap will be prioritized within the collision gap instance once proximity condition is met, e.g., NW indicates the priority pattern based on the LCM of two gaps’ MGRPs. The data scheduling is expected during the dropped gap instance.
· Other options not precluded
· the proximity conditions to apply gap collision handling, e.g., a time domain minimal distance [X]ms between the two gap instances
· FFS whether the same gap collision handling can be applied to all of the FO/FPO/PFO/PPO/FNO cases
· If yes, RAN4 can further skip the discussion on issue 4-2,4-3,4-4,4-5,4-6. 
· Note: Focus on UE’s measurement behaviour. The scheduling opportunity (i.e., gap interruption) will be discussed in a separate issue. 


Proximity condition 
RAN4 has defined in [2] four scenarios FO/FPO/PFO/PPO where two MGs have all or part of the occasions overlapping in time. In RAN4#100-e, it was identified that when two occasions of two MGs are not overlapped but close in time, UE may not be able to measure in both occasions, so it was agreed to introduce the proximity condition, and the MG collision handling will apply when the condition is met. 
The proximity condition is defined based on minimum time domain distance (Dmin) between the two MGs, and in our view MGL should be considered, i.e. Dmin is the minimum between 
· D1: the end of an occasion of MG#1 to the beginning of next closest occasion of MG#2, and 
· D2: the end of an occasion of MG#2 to the beginning of next closest occasion of MG#1 
This is illustrated in Figure 1, where D1=14ms and D2=10ms, and Dmin=min(D1,D2)=10ms.
[image: ]
Figure 1: Illustration of time domain distance between two MGs
In the proximity condition, the distance between two MGs (Dmin) is compared with a threshold (X); if Dmin <X then the condition is met, otherwise the condition is not met. On the value of X, we suggest to define a UE capability to accommodate different UE implementations.  
Depending on how the collision handling rule is defined, RAN4 may need also to define which occasions from the two MGs are considered as colliding when the proximity condition is met. It is straightforward that the two occasions that give Dmin are considered as colliding. In Figure 1, occasion#2-1 and occasion 1-2 are considered as colliding. 
Proposal 3: The proximity condition for two concurrent MGs is defined as:
If the distance between two MGs (Dmin) is smaller than a threshold (X) then the condition is met, otherwise the condition is not met, where X is up to UE capability and Dmin is the minimum between 
· D1: the end of an occasion of MG#1 to the beginning of next closest occasion of MG#2, and 
· D2: the end of an occasion of MG#2 to the beginning of next closest occasion of MG#1 
The two occasions from the two MGs that give Dmin are considered as colliding.
Collision handling
We support to apply the same collision handling for all FO/FPO/PFO/PPO/FNO cases. It is noted that FNO case is mentioned here because it was agreed that even the two MGs do not have occasions overlapping in time, the collision handling will apply when the proximity condition is met.
Among all the options in [1] we support option 3 in combination with the data scheduling part from option 5. 
· On option 1, it would be unclear which one of the colliding occasions UE measures, so even UE is only measuring in one of the colliding occasions, the other dropped MG occasion cannot be used for data.
· On option 2, it has the same issue as option 1 due to using MG sharing rule. In addition, we do not see the necessity to support both priority and sharing rule as they are solving the same technical problem.
· On option 4, it is only addressing a very specific scenario, and it can be achieved by option 3 with NW implementation (by giving the per-UE MG higher priority), so we do not see the need to make such restriction in the spec
· On option 5, it may be overkilling to define occasion level prioritization because in most cases, the colliding case (and also non-colliding case but proximity condition is met) can be avoided by NW implementation, e.g. by configuring proper periodicity and offset for concurrent MGs. Also, it may be difficult for NW to determine such a priority pattern.
For option 3 to work, NW would need to indicate which MG has high priority among the concurrent MGs, and how to make such indication can be left to RAN2.
Proposal 4: Apply the same collision handling for all FO/FPO/PFO/PPO cases and FNO case when the proximity condition is met:
· UE will only do the measurement w.r.t. the MG with higher priority on all colliding occasions, and which MG has higher priority is indicated by the NW.
· The data scheduling is expected during the dropped MG occasions.
Overhead cap for current MGs
	Issue 5-1: Whether to define an overhead cap for concurrent gaps
· No consensus on defining an overhead cap for concurrent gaps in this meeting
· Open issue
· Option 1: Yes
· Option 2: No
· Option 3: Postponed to 2nd phase
Issue 5-2: How to define the overhead cap, if agreed to be introduced
· This issue is pending on the conclusion of Issue 5-1


It may be reasonable to define some applicability conditions in the spec such that UE is not required to work with unreasonable NW configuration. Otherwise, it is the UE who will suffer the throughput loss due to large overhead of concurrent MGs, while NW can use the time resource to schedule other UEs, i.e. there may be not much cost from NW perspective even the MG overhead is large at individual UEs.
Considering the trade-off between NW flexibility and UE throughput loss, we suggest that when concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms. This would mean NW cannot configure two MGs with 20ms MGRP for any of them. 
Proposal 5: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Applicability of current MGs for non-NR measurement 
	Issue 2-2: Whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured
· Open issues
· Option 1: No need to further discuss
· Option 2: Not allowed 
· Option 3: Allowed 
· Option 4: Up to UE capability
· FFS whether 2G/3G should be considered in concurrent MG work.
· Note:
· In this scenario, no NR measurement is configured to UE. 
· LTE measurement includes positioning measurement.


As to performing non-NR RAT measurements with concurrent MGs, it may need to be considered as a separate capability from NR measurements with concurrent MGs. Existing 4G/3G/2G measurements are all based on single MG, and if concurrent MGs are used, it means the measurement for legacy RATs needs to be enhanced, and this may be a separate scope than enhancing NR measurements with concurrent MGs. Also, legacy RATs can be measured any time (this is different from NR measurements which are based on SMTC and CSI-RS resources), so the motivation to use concurrent MGs for them are a bit unclear. Therefore, we support to exclude 2G/3G measurement with concurrent MGs and only consider LTE measurement with concurrent MGs as a separate UE capability. 
If a separate capability on support of concurrent MGs for LTE measurement is defined, UE should be able to use concurrent MGs for LTE measurement regardless if there is NR measurement or not. 
Proposal 6a: Do not support 2G/3G measurement with concurrent MGs.
Proposal 6b: Support LTE measurement with concurrent MGs as a separate UE capability.
Proposal 6c: LTE measurement with concurrent MGs can be supported no matter if there is no NR measurement configured.
Measurement requirements with concurrent MGs
	Issue 7-2: UE measurement assumptions for different reference signals
· Open issue:
· FFS whether to additionally consider the limitation that each reference signal can only be measured in one MG pattern
Issue 7-3: CSSF calculation
· Open issue:
· FFS whether CSSF is separately calculated for each MG, e.g., for a particular gap, only the dedicated frequency layers /use cases share this gap should be counted in.


For Issue 7-2, we do not see the need for such a limitation. 
From NW side, it could happen that the same RS, e.g. SSB or CSI-RS, cannot be covered by a single MG, so measurement of same RS with multiple MGs has clear use cases. From UE side, there is no clear benefit from such a limitation.
Proposal 7: The limitation that each reference signal can only be measured in one MG is not needed.
For Issue 7-3, it is reasonable to have CSSF separately calculated for each MG, based on the frequency layers associated with that MG. 
For example, in Figure 2, F1 and F2 are measured in MG#1, and F3 and F4 are measured in MG#2. As F1 only needs to compete MG with F2 (but not with F3 or F4), CSSF for F1 and F2 should be equal to 2, and for the same reason CSSF for F3 and F4 should also be 2.
[image: ]
Figure 2: Example of independent CSSF calculation for each MG
Proposal 8: For defining measurement requirements with concurrent MGs, CSSF is separately calculated for each MG accounting for the frequency layers associated with the concerned MG. 
Other issues 
Transition period for MGs configuration/reconfiguration
	Issue 8-1: Transition period for gaps configuration/ reconfiguration
· Open issue:
· Option 1: Introduce a transition period for gap configuration/deconfiguration
· After the concurrent gap application time, the measurement will be performed immediately for the MOs which could not be performed within legacy MG but can be within concurrent gaps.
· After concurrent gaps deconfiguration, both NW and UE should have the same understanding on when data will be scheduled on the disabled MG occasions.
· After concurrent gaps deconfiguration application time, data scheduling is expected on the disabled MG’s time occasions
· Option 2: Do not introduce a transition period for gap configuration/deconfiguration
· Option2a: Do not introduce a transition period if it’s agreed the RRC processing time is sufficient for gap configuration/deconfiguration.


In our view, the configuration, reconfiguration or de-configuration of each MG in the context of concurrent MGs is same as that for legacy single MG, so we do not see the need to define transition period for concurrent MG configurations as they are not defined for single MG.
Technically, the RRC processing time, as defined in clause 12 of 38.331, is sufficient for any configuration related to concurrent MGs, so option 2a is correct. Option 1 is also true assuming that the application time is same as the RRC processing time. As everything is same as single MG, no spec change is expected.
Proposal 9: Do not introduce transition period for configuration, reconfiguration or de-configuration of concurrent MGs.
Impact to other L1 measurements
	Issue 8-2: Impact to other L1 measurements  
· Open issue:
· FFS whether define a suitable MGRP when multiple measurement gaps are configured for related measurement performance requirements
· Companies are encouraged to bring more detail in the next meetings


In our view, the issue is valid, but it may be difficult to define a suitable MGRP for the L1 measurement requirements in case of concurrent MGs. For example, if SSB periodicity is 20ms with offset =0, MG#1 periodicity is 40ms with offset = 0, and MG#2 periodicity is 160ms with offset = 20ms, over the 160ms time period, there will be 8 SSB occasions for L1 measurement, and 5 of them are punctured by MGs, so P factor should be 8/3=2.67. It seems none of the existing MGRPs could give this value. 
One alternative approach is to describe how P factor is calculated, e.g. in the above example, we can define Ntotal as the SSB occasions for L1 measurement without considering any MG puncturing, and Navail as the SSB occasions not overlapped with any occasion of concurrent MGs, and P factor can be defined as Ntotal/ Navail. Of course, the details of such description can be left to the CR phase
Proposal 10: Do not define effective MGRP for the L1 measurement requirements in case of concurrent MGs, but define P factor by counting the number of L1 measurement occasions not overlapped with any occasion of the concurrent MGs. 
Starting time of the 2nd phase
	Issue 8-5: Starting time of the 2nd phase, e.g., to jointly consider pre-MG, concurrent MG and/or NCSG 
· Background:
· Agreement in WF R4-2104096
· Before RAN4#100b (Q4’21), RAN4 focuses on the functionality and principles needed to support parallel MG patterns without considering pre-configured gap and NCSG.
· Open issue: Decide whether to start the 2nd phase in next meeting.


Although earlier agreement implies that the 2nd phase of the WI can be started from this meeting (RAN4#101-e), we understand that none of 3 objectives of the WI is sufficiently stable, which should be the pre-requisite to start 2nd phase where joint working of different objectives are considered. We therefore suggest to dedicate RAN4#101-e to stabilizing the individual objective, and we expect they are likely to be almost ready after this meeting.
The next question is the scope of the 2nd phase. Considering that there are only two meetings (Jan. and Feb.) for the 2nd phase, and that RAN4 needs to complete all the CRs and RAN2 needs to complete all the signaling, the scope of the 2nd phase cannot be too broad. From our perspective, the following features can be considered:
· Joint working of concurrent MGs and NCSG
· Joint working of concurrent MGs and pre-MG
Proposal 11: Start the 2nd phase of the WI from RAN4 Jan. meeting (if feasible and pending on the outcome of RAN4#101-e), and the scope of the 2nd phase includes
· Joint working of concurrent MGs and NCSG
· Joint working of concurrent MGs and pre-MG
Conclusions
In this paper we provided our views on support of concurrent MGs.
Proposal 1: Remove “exclusively” in the following agreement:
· PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
Proposal 2a: Support simultaneous per-UE MG and per-FR MG for per-FR MG capable UEs.
Proposal 2b: Max number of concurrent MGs across all FRs for per-FR MG capable UE is 3.
Proposal 2c: Combination Index 3 and 4 in the Table for Issue 3-3 in [1] are supported, and Index 5 and 6 are not supported.
Proposal 3: The proximity condition for two concurrent MGs is defined as:
If the distance between two MGs (Dmin) is smaller than a threshold (X) then the condition is met, otherwise the condition is not met, where X is up to UE capability and Dmin is the minimum between 
· D1: the end of an occasion of MG#1 to the beginning of next closest occasion of MG#2, and 
· D2: the end of an occasion of MG#2 to the beginning of next closest occasion of MG#1 
The two occasions from the two MGs that give Dmin are considered as colliding.
Proposal 4: Apply the same collision handling for all FO/FPO/PFO/PPO cases and FNO case when the proximity condition is met:
· UE will only do the measurement w.r.t. the MG with higher priority on all colliding occasions, and which MG has higher priority is indicated by the NW.
· The data scheduling is expected during the dropped MG occasions.
Proposal 5: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Proposal 6a: Do not support 2G/3G measurement with concurrent MGs.
Proposal 6b: Support LTE measurement with concurrent MGs as a separate UE capability.
Proposal 6c: LTE measurement with concurrent MGs can be supported no matter if there is no NR measurement configured.
Proposal 7: The limitation that each reference signal can only be measured in one MG is not needed.
Proposal 8: For defining measurement requirements with concurrent MGs, CSSF is separately calculated for each MG accounting for the frequency layers associated with the concerned MG. 
Proposal 9: Do not introduce transition period for configuration, reconfiguration or de-configuration of concurrent MGs.
Proposal 10: Do not define effective MGRP for the L1 measurement requirements in case of concurrent MGs, but define P factor by counting the number of L1 measurement occasions not overlapped with any occasion of the concurrent MGs. 
Proposal 11: Start the 2nd phase of the WI from RAN4 Jan. meeting (if feasible and pending on the outcome of RAN4#101-e), and the scope of the 2nd phase includes
· Joint working of concurrent MGs and NCSG
· Joint working of concurrent MGs and pre-MG
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1. Overall Description:

RAN4 has sent the initial agreements related to concurrent MGs in R4-2115343. During RAN4#101-e, RAN4 has reached the following conclusions for concurrent MGs.

For applicability and configurations of concurrent MGs:
	PRS measurement for positioning is associated with only one MG of concurrent MGs at least for R17.
Measurements for 2G/3G cannot be performed with concurrent MGs, i.e. when concurrent MGs are configured, they should be associated to one single MG.



For number of concurrent MGs:
	For UE not capable of per-FR MG, at maximum 2 per-UE MGs can be configured.
For UE capable of per-FR MG, the following configurations are supported:
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	Supported

	4
	0
	1
	1
	Supported






For collision handling of concurrent MGs:
	UE will only do the measurement w.r.t. the MG with higher priority on all colliding occasions, and which MG has higher priority is indicated by the NW.
The data scheduling is expected during the dropped MG occasions.



RAN4 respectfully asks RAN2 to take the above information into account and define corresponding procedure and signalling support. 

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and define corresponding procedure and signalling support. 


3. Date of Next TSG-RAN4 Meetings:
TBA
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