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Introduction
RRM requirements for concurrent MGs were discussed in RAN4#101-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Applicability
· LTE measurement with multiple MGs
· Overlapping
· Proximity condition
· Collision handling 
· Supported overlapping scenarios
· Overhead 
· Measurement requirements
· CSSF within MG
In this paper we will provide our views on the above open issues for concurrent MGs.
Discussion
Applicability
LTE measurement with multiple MGs
	Issue 2-1-1: Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured
· Open issue
· Option 1: Yes
· Option 1a: Yes, provided that UE supports LTE measurement with concurrent MGs, which is up to UE capability
· Option 1b: Yes, under the condition that only one per-UE MG is configured for UE
· Option 2: No
Issue 2-1-2: Additional limitation when UE is configured with both E-UTRA and NR Mos
· Open issue
· FFS: When UE is configured with both E-UTRA and NR MOs, UE can be configured with concurrent MGs, but all E-UTRA Mos are expected to be associated with one single MG


E-UTRA can be measured at any time (this is different from NR measurements which are based on SSB and CSI-RS), so all E-UTRA MOs can be measured with one MG, and the motivation to use multiple MGs is unclear. Also, existing E-UTRA measurements are based on single MG, and if multiple MGs are used, the measurement for E-UTRA needs to be enhanced, and we do not think enhancing measurement of a legacy RAT is of high priority for now. Therefore, we suggest not to define E-UTRA measurement requirements with multiple MGs. 
Based on above, we suggest that when UE is configured with both E-UTRA and NR MOs, UE can be configured with multiple MGs, but all E-UTRA MOs are expected to be associated with one single MG.
Proposal 1: RAN4 not to define LTE measurement requirements with multiple MGs. 
· When UE is configured with LTE MOs, UE can be configured with multiple MGs, but all LTE MOs are expected to be associated with one single MG.
Overlapping
Proximity condition
	Issue 2-3-1: X value in proximity condition for overlapping in FR1. 
· Agreement
· Consider as least X=4 in proximity condition for overlapping in FR1
· FFS to introduce X=0 as an optional UE capability
Issue 2-3-2: X value in proximity condition for overlapping in FR2
· Open issue
· FFS to consider as least X=4 in proximity condition for overlapping in FR2
· FFS to introduce X=0 as an optional UE capability


We support to define X=4ms for both FR1 and FR2. From UE side this values is related to the time for measurement scheduling, so FR2 delay is not necessarily smaller than FR1. Also, having one single value can be simpler for both UE and NW implementation, e.g. it can be difficult to use different X values for FR1 and FR2 for a UE configured with per-UE MG and FR1-FR2 CA.
In RAN4#101-bis-e, some companies raised the concern that 4ms may be too large for FR2. In our view, UE is still required to Tx/Rx data during the time gap between two MG occasions, so there is no difference in the data throughput no matter X=1 or X=4. As to the NW flexibility, we do not see clear difference between FR1 and FR2, i.e. RS-es (which are to be measured in different MGs) are not likely to be closer in FR2.
On the additional capability to support X=0, we think it can be introduced so that for some more capable UE two MG with 0 < X ≤ 4ms distance would not be considered as colliding. This capability would have limited impact on the NW flexibility because 0 < X ≤ 4ms is supported no matter UE supports this capability or not, and the only difference is whether it is considered as colliding or not.
Proposal 2: Define X value in proximity condition as 4ms for both FR1 and FR2. Introduce X=0 as an optional UE capability.
Collision handling 
	Issue 2-3-3: UE behavior during colliding gap occasion
· Open issue
· Option 1: Priority rule 
· UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions
· The priority can be configurable or fixed
· Option 5: Compromised proposal from moderator
· Introduce gap sharing rule. 
· Request RAN2 to reserve some RRC signaling for different sharing factors. 
· The signalling design may consider the possibility of resuming data scheduling on dropped gaps
· Rel-17 requirements will only consider sharing ratios 0% and 100%. 
· The requirements for other sharing factors are FFS in later releases.  
· Agreement: CRs can be drafted based on Option 1 with the editor’s note: “The detail UE behavior can be revised based on the later RAN4 agreement on UE behavior during colliding gap occasion.”


We support to confirm option 1 for the following reasons:
· Smaller throughput loss: with priority rule it is clear which of the colliding occasions from concurrent MGs is used for measurement and which is not, and thus possible to support data scheduling in the dropped occasion. 
· Better scalability: when more than 2 concurrent MGs with collision are considered (e.g. with MUSIM), it is still possible to define clear UE measurement requirements with priority rule while it can be difficult with sharing rule.
On option 5, we understand technically it is same as option 1 for Rel-17, but we do not prefer the approach to design signalling based on speculations on what may be defined in the future. For example, the signalling design could be different depending on how many sharing factors to be supported, and whether and how to support data scheduling on the dropped MG occasions for non-zero sharing factor. Therefore, we suggest to adopt option 1 for both UE requirements and signalling for Rel-17. In future releases, new signalling design including extension of the Rel-17 signalling can be defined with the corresponding UE requirements.
Proposal 3: Conform option 1 (priority rule) for handling of collision between MGs.
Supported overlapping scenarios
	[bookmark: _Hlk93076517]Issue 2-3-7: Whether to introduce FO, FPO, PFO, PPO scenarios.
· Open issue
· Option 1: Introduce all scenarios
· Option 2: Only introduce PFO, PPO scenarios 
· Option 3: Only introduce FO, FPO scenarios


We support option 1.
While we agree that some of the overlapping scenarios may not be meaningful, e.g. the FO case, the collision handling rule is generic so it can work for all scenarios. We do not see RAN4 needs to spend further efforts in excluding scenarios which can be already supported by the spec. It can be left to NW implementation.
Proposal 4: Requirements for concurrent MGs apply in all overlapping scenarios (option 1).
Overhead 
	Issue 2-4-1: Whether to define the overhead cap
· Open issue
· Option 1: Yes
· Option 2: No 
· Option 3: Up to UE capability
Issue 2-4-2: Definition of overhead cap (if agreed in Issue 2-4-1)
· Open issue
· Option 1: The max overhead that UE can support in Rel-15/16
· Option 2: Consider overhead cap with   when configuring multiple MG patterns.
· 
· N : number of multiple MG patterns
· MGLr : MGL of referenced MG
· MGRPr : MGRP of referenced MG
· K is FFS  
· Option 3: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms


We support to define overhead cap for concurrent MGs (option 1), and for the exact cap definition we support option 3.
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.
Option 2 would require RAN4 to define a new threshold for the overhead, which would require additional efforts. Option 1 is a valid option, but it may limit the use case of concurrent MGs, e.g. if a UE does not support 20ms MGRP, then max overhead for this UE in Rel-15/16 would be based on GP#0. With option 1, NW could not configure the UE with one MG with GP#0 for RRM measurement and another MG with 160ms MGRP (e.g. GP#5) for PRS measurement, which may be a basic use case for concurrent MGs.
Proposal 5: Define overhead for concurrent MGs: when concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Measurement requirements
CSSF within MG
	Issue 2-5-3: [Within gap] CSSF 
· Agreement
· The CSSF is calculated separately for each gap pattern. [provided that the association between measurement objects and gap pattern is configured by network.] 
· [Only the measurement objects associated to the same measurement gap pattern are counted when deriving CSSFwithin_gap,i for a target measurement object with index i.]
· FFS: how the dropped gap occasions will not be used in deriving CSSFwithin_gap,i
· RAN4 can revisit this agreement when the association implemented by RAN2 is clear.


CSSF within MG is calculated on MG occasion level, e.g. as in the following steps:
· determine whether an MG occasion is used for long periodicity measurement or not. 
· derive Ri as the ratio between the number of total MG occasions and the number of MG occasions not used for long periodicity measurement.
· for each MG occasion not used for long periodicity measurement, count the number of frequency layers that can be measured within this occasion (Mi,j).
· derive CSSF as Ri multiplied with the maximum Mi,j among all MG occasion j.
In our view, in all these steps, only the MG occasions that are not dropped need to be considered. If an MG occasion is dropped due to collision handling, it does not need to be considered, e.g.
· it should not be counted in the total number of MG occasions nor in the number of MG occasions not used for long periodicity measurement
· it should not have applicable Mi,j and be considered in the maximum operation for deriving CSSF
Based on the endorsed CR from RAN4#101-bis-e, it has been captured in clause 9.1.5.2.2 that 
	If UE capable of [multiple independent and concurrent gaps] is configured with [concurrent gaps], the carrier specific scaling factor is calculated separately for each gap pattern, [provided that the association between measurement objects and gap pattern is configured by network. Only the measurement objects associated to the same measurement gap pattern are counted when deriving CSSFwithin_gap,I for a target measurement object with index i.]. In case of collision between concurrent measurement gaps, some measurement gap occasions may be dropped according to clause [9.1.2B.x]. The dropped gap occasions will not be used in deriving CSSFwithin_gap,i.


In our view, this statement is correct and sufficient to address dropped MG occasions in CSSF calculation.
Proposal 6: Confirm that dropped MG occasions will not be used in deriving CSSF within MG (already in the spec).
Conclusions
In this paper we provided our views on concurrent MGs.
Proposal 1: RAN4 not to define LTE measurement requirements with multiple MGs. 
· When UE is configured with LTE MOs, UE can be configured with multiple MGs, but all LTE MOs are expected to be associated with one single MG.
Proposal 2: Define X value in proximity condition as 4ms for both FR1 and FR2. Introduce X=0 as an optional UE capability.
Proposal 3: Conform option 1 (priority rule) for handling of collision between MGs.
Proposal 4: Requirements for concurrent MGs apply in all overlapping scenarios (option 1).
Proposal 5: Define overhead for concurrent MGs: when concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Proposal 6: Confirm that dropped MG occasions will not be used in deriving CSSF within MG (already in the spec).
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1. Overall Description:
RAN4 would like to inform RAN2 that RAN4 has reached the following conclusions related to concurrent MGs during RAN4#102-e.

	[bookmark: _GoBack]RAN4 not to define LTE measurement requirements with multiple MGs. 
· When UE is configured with LTE MOs, UE can be configured with multiple MGs, but all LTE MOs are expected to be associated with one single MG.

	Adopt priority rule to resolve collisions between MGs.
· UE will only do the measurement w.r.t. the MG with higher priority on all colliding occasions
· The priority can be configurable or fixed



RAN4 respectfully asks RAN2 to take the above information into account and define signalling support for collision handling of MGs. 


2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and define signalling support for collision handling of MGs.


3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #103-e		May 16 – May 27, 2022			Electronic Meeting
RAN WG4 Meeting #104			August 22 – August 26, 2022		Toulouse, France
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