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Introduction
RRM requirements for concurrent MGs were discussed and completed in RAN4#102-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Applicability of concurrent MGs for LTE measurement
· MG collision
· Proximity condition for FR2
· Order for applying collision handling rule
· Classic and concurrent MGs
· Overhead cap
· Ri in CSSF
In this paper we will provide our views on the above open issue for concurrent MGs.
Discussion
Applicability of concurrent MGs for LTE measurement
	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
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting

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
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting


Issue 2-1-1 and 2-1-2 are related, and in our view the fundamental question is whether concurrent MGs is applicable for LTE measurement or not, or in other words, whether LTE MOs can be associated to different MGs or they are expected to be associated to a single MG in case multiple MGs are configured.
LTE can be measured at any time (this is different from NR measurements which are based on SSB and CSI-RS), so all LTE MOs can be measured with one MG, and the motivation to use multiple MGs is unclear (also it has not been raised so far). Also, existing LTE measurements are based on single MG, and if multiple MGs are used, the UE implementation for LTE measurement needs to be enhanced, while we do not think enhancing measurement of a legacy RAT is of high priority for now. 
Considering the issue has been discussed for many meetings and there are demands from infra vendors and operators to enable the flexibility, as a compromise, we suggest to introduce a UE capability for LTE measurement with multiple MGs. For capable UE, NW could associate different MOs to different MGs; for incapable UE, NW is expected to associate all LTE MOs to a single MG. The use of the capability is same no matter how many MGs are configured or whether NR MOs are configured. 
Proposal 1: Define a UE capability for LTE measurement with multiple MGs.
· For UE supporting the capability, different LTE MOs can be associated with multiple MGs. 
· For UE not supporting the capability, all LTE MOs can be associated with only a single MG.
MG collision
Proximity condition for FR2
	Issue 2-3-2: Mandatory X value in proximity condition for overlapping in FR2
· Agreement
· The Mandatory X value in proximity condition for overlapping in FR2 is [1 or 4] ms.


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.
Proposal 2: Define X value in proximity condition as 4ms for FR2.
Order for applying collision handling rule
	Issue 2-3-8: Clarifications to gap overlapping
· FFS in the maintenance phase: how to clarify the order in which gap priorities are evaluated 


The issue was raised during email discussion [2] in RAN4#102-e by MediaTek. As illustrated in Figure 1 which is copied from [2], it could happen that more than MGs collide, and the order for applying the collision handling rule should be clarified for such cases.
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Figure 1 (copied from [2]): Illustration of MG collision among 3 MGs 
In our view, the collision handling rule should apply in the order of MG priority, which means 
· If an MG occasion is colliding with an occasion of the MG with highest priority, it is dropped
· If an MG occasion is colliding with an occasion of the MG with the second highest priority and if the occasion of the MG with the second highest priority is not dropped, it is dropped
· If an MG occasion is colliding with an occasion of the MG with the third highest priority and if the occasion of the MG with the third highest priority is not dropped, it is dropped
· The same repeats for the MG with fourth, fifth highest priority and so on.
The proposed order will make sure the occasion of an MG with priority n will be kept provided that it is not colliding with an occasion of MG with priority m (m<n). For the example in Figure 1, the collision between the FR1 MG and the per-UE MG will be firstly handed and the per-UE MG occasion will be dropped. Then the FR2 MG occasion does not collide with any occasion from other MG, so it will be kept. 
Of course, the case in Figure 1 can only occur when there are more than 2 priority levels. In last meeting, it was agreed that only 2 priority levels are needed for concurrent MGs, and more levels can be considered for other MG enhancements and will be decided by RAN2. 
	· Regarding the number of priority levels, only two levels are needed in the NR_MG_enh WI. However, considering forward compatibility on inter-working with other features (e.g., MUSIM, NTN, Positioning), RAN4 recommends 5 levels. RAN4 kindly requests that at least two priority levels are supported in Rel-17 and leaves the decision to support a higher number of priority levels to RAN2.


If RAN2 agrees to define only 2 priority levels, the case in Figure 1 does not exist. Since RAN4 only defines requirements when colliding MGs have different priorities, the per-UE MG in Figure 1 has to be with either higher or lower priority than the two per-FR MGs.
· If per-UE MG is of higher priority than two per-FR MGs, the two per-FR MGs will be dropped
· If per-UE MG is of lower priority than two per-FR MGs, the per-UE MG will be dropped
We suggest RAN4 to wait for conclusion from RAN2 on the number of priority levels, and if more than 2 levels are defined, then collision handling rule apply in the descending order of MG priority.
Proposal 3: If more than 2 priority levels are defined in RAN2, in case more than two MGs collide, collision handling rule apply in the descending order of MG priority.
Classic and concurrent MGs
	Issue 2-3-8: Clarifications to gap overlapping
· FFS in the maintenance phase: If a classic measurement gap and a concurrent measurement gap overlap according to the agreed overlapping rules (2.3.1 and 2.3.2), the gap sharing rules (2.3.3) will apply.


During email discussion in RAN4#102-e, some companies proposed to clarify the UE behavior related to classic MG and concurrent MG. In our view, there is no need to differentiate classic and concurrent MG in RAN4 requirements.
In our understanding, the differentiation between legacy (classic) MG and concurrent MG is mainly from RAN2 signalling perspective, and for RAN4 requirements there is no difference between a legacy (classic) MG and a concurrent MG. With each MG, UE will only measure the frequency layers associated to that MG, and each frequency layer can be only associated to one MG, so UE measurement behaviour is same for all the MGs, no matter how it is configured in the RRC signaling. 
Proposal 4: RAN4 not to differentiate classic and concurrent MG in the requirements.
Overhead cap
	Issue 2-4-1: Whether to define the overhead cap
· Open issue 
· Option 1: Yes
· Option 2: No 
· Option 3: Up to UE capability
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting

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 1a: the max overhead is 30%
· 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
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting


We support to define overhead cap for concurrent MGs.
It is 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.
In RAN4#102-e, some companies commented that the overhead may not be an issue given the collision handling, i.e. some MG occasions will be dropped. We agree that the collision handling will reduce the overhead for some cases, but there are other cases where configured MGs do not collide with each other, which we believe would be a typical configuration in real NW, and collision handling does not help.
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 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.
Option 1a and option 2 would require RAN4 to define a new threshold for the overhead, which would require additional efforts. Also, they would require NW to calculate the aggregated overhead of multiple MGs before configuring, which could be complex considering the collision handling and that we may have more MGs in future.
Proposal 5: Define overhead cap for concurrent MGs: when concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Ri in CSSF
	Issue 2-5-2: [Within gap] CSSF 
· Agreement
· Confirm that dropped MG occasions will not be used in deriving CSSF within MG
· Companies are encouraged to check whether any calrification to the calculation of Ri is needed.


The issue was raised during email discussion in RAN4#102-e, and some companies suggested to further check how dropped MG occasions will impact CSSF calculation and the overall measurement period. 
The Ri calculation is defined as follows in the current requirements.
	Where Ri is the maximal ratio of the number of measurement gap where measurement object i is a candidate to be measured over the number of measurement gap where measurement object i is a candidate and not used for a long-periodicity measurement defined above.


In our understanding, dropped MG occasions not being used in deriving CSSF within MG applies to both the total number of available MG occasions for MO#i and the number of remaining MG occasions for MO#i excluding the occasions used for long-periodicity measurement. Therefore, there is no need for further clarification in the CSSF calculation.
Another issue raised by companies was that the dropped occasions will impact the effective MGRP for the measurement, which may results in irregular MGRP and could impact the overall measurement period. We understand the impacts has already been accounted in the requirements. 
Taking RSTD measurement period requirement as an example, the overall measurement period is scaled with Kp,PRS, which is the ratio between the total number of available MG occasions and the number of non-dropped occasions. With this scaling, there is no need to further scale MGRP.
		 ,


Proposal 6: RAN4 not to introduce additional clarification for calculation of Ri in CSSF.
Conclusions
In this paper we provided our views on concurrent MGs.
Proposal 1: Define a UE capability for LTE measurement with multiple MGs.
· For UE supporting the capability, different LTE MOs can be associated with multiple MGs. 
· For UE not supporting the capability, all LTE MOs can be associated with only a single MG.
Proposal 2: Define X value in proximity condition as 4ms for FR2.
Proposal 3: If more than 2 priority levels are defined in RAN2, in case more than two MGs collide, collision handling rule apply in the descending order of MG priority.
Proposal 4: RAN4 not to differentiate classic and concurrent MG in the requirements.
Proposal 5: Define overhead cap for concurrent MGs: when concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms.
Proposal 6: RAN4 not to introduce additional clarification for calculation of Ri in CSSF.
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