3GPP TSG-RAN WG4 Meeting #98-e	R4-2102811
Electronic Meeting, 25 January – 5 February, 2021
	
[bookmark: _GoBack]Title: 	Initial discussion on multiple concurrent MGs 
Source: 	Huawei, HiSilicon
Agenda item:	11.5.2.2
Document for:	Discussion
Introduction
Rel-17 WI for MG enhancement was approved in RAN#89, and the latest WID can be found in [1]. One objective of the WI is to enable multiple concurrent and independent MGs for a UE and define related RRM requirements.
	1. 
1. Multiple concurrent and independent MG patterns [RAN4, RAN2]
0. RRM requirements for concurrent and independent MG patterns [RAN4] 
0. Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
0. Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 
0. Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
0. Define the corresponding measurement requirements
0. Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
0. Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
0. Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input


In this paper we will provide our initial views on the multiple concurrent MGs.
Discussion
Use cases
Up to Rel-17, MG is used for RRM and PRS measurement. One condition for UE to perform the MG based measurement is that the Reference Signal to be measured fall within the MG. When a single MG with a specific MGL, MGRP and time offset is used for measurements of all frequency layers, the NW is required to make sure that the Reference Signals on all the frequency layers can be covered by the MG occasions. 
This creates restrictions to the NW as it means different frequency layers needs to be synchronized to some extent. Therefore, multiple concurrent MGs have been discussed in earlier releases, e.g.
· In Rel-15, it was proposed to support SSB based inter-frequency measurement with different SMTC offsets on different frequency layers, such that SMTC on different frequency layers cannot be covered by a single MG pattern
· In Rel-16, it was proposed to support SSB based and CSI-RS based inter-frequency measurement, where the SMTC and CSI-RS resources cannot be covered by a single MG pattern
· In Rel-16, it was also proposed to support MG based RRM and PRS measurement, where the measurement resources for RRM and PRS cannot be covered by a single MG pattern
An example corresponding to the last use case is shown in Figure 1. In this case, NW has to configure the MG offset corresponding to the PRS locations, and as a result, UE cannot do the MG based RRM measurement during the positioning session. The problem can be addressed by multiple concurrent MGs, e.g. with MG#1 with {MGRP=40ms, MGL=4ms, offset=0} and another MG#2 with {MGRP=160ms, MGL=10ms, offset=5ms}, UE can perform both RRM and PRS measurements during the positioning session.
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Figure 1: Illustration of a use case of multiple MGs: one MG for RRM and the other MG for PRS
During the WID discussion, there were some comments to limit the usage of multiple concurrent MGs, e.g. it can be used only for different measurement tasks i.e. RRM measurement and positioning measurement, or only for measurement of different Reference Signals i.e. SSB, CSI-RS and PRS. This means the feature cannot serve all the discussed use cases, e.g. different SMTC offsets on different SSB frequency layers. On the other hand, we do not see clear benefit from such limits because in Rel-16 multiple frequency layers with same or different RS (SSB/CSI-RS/PRS) can already be measured with a single MG. To maximize the uses cases of multiple concurrent MGs, we suggest to support multiple concurrent MGs for measurements of different frequency layers, with same or different RS (SSB/CSI-RS/PRS).
Proposal 1: Support multiple concurrent MGs for measurements of different frequency layers, with same or different RS (SSB/CSI-RS/PRS).
MG requirements 
Although multiple concurrent MGs has clear use cases, there are also costs to be considered when RAN4 defines the requirements for the feature. 
· One issue is the throughput loss. As multiple MGs are active, the interruption to serving cell data transmission would be union of all MGs. In worst, two MGs with {MRGP=20ms, MGL=6ms} can block 80% DL scheduling opportunities. 
· Another issue is the UE complexity. To support multiple concurrent MGs, UE needs to add additional measurement resources. Still using the example in Figure 1, if UE is configured with single MG (MG#1), it only needs to measure F1 every 40ms. Now with another MG (MG#2) configured, UE has to additionally measure F2 in between the MG occasions corresponding to MG#1, and this requires additional HW and SW resources in the UE.  
Considering above two issues, we suggest that at most 2 MGs are supported per UE for per UE MG, and per FR for per FR MG. In addition, all the concurrent MGs should be of the same type, i.e. they are either all configured as per UE MG, or all configured as per FR MG. We do not see a clear motivation to support mixed per UE and per MG, e.g. one MG is per UE MG and the other is per FR MG.
Proposal 2: All concurrent MGs are of the same type (per UE MG or per FR MG). At most 2 concurrent MGs are supported 
· for a UE, if UE is configured with per UE MG
· for an FR, if UE is configured with per FR MG
MG related requirements are defined in clause 9.1.2 of 38.133, including UE behaviour during MG, MG patterns and their applicability, MG timing, effective MGRP, MG interruption and UE UL behaviour after MG. In our view, all of these requirements can be re-used for each of the multiple concurrent MGs.
Proposal 3: All MG related requirements defined for single MG, including UE behaviour during MG, MG patterns and their applicability, MG timing, effective MGRP, MG interruption and UE UL behaviour after MG, apply for each of the multiple concurrent MGs.
Measurement requirements 
As discussed in section 2.1, the main use case for multiple concurrent MG is to enable measurements of different frequency layers when their Reference Signals cannot be covered by a single MG. As such, the offset of Reference Signals of each frequency layer are typically only available in one MG, e.g. in Figure 1, F1 can only be measured in MG#1 and F2 in MG#2. 
Of course, with some configurations, one frequency layer may have its Reference Signal available in multiple MGs, and it is then a question whether this layer should be measured in one or both MGs. Considering the typical use case and to simplify the requirement development, our view is that each frequency layer is only measured in a single MG. RAN4 can further discuss the association between the frequency layer and the MG, e.g. this can be explicitly configured in MO configuration or MG configuration.
Proposal 4: Each frequency layer that requires MG is measured in a single MG.
Assuming the multiple MGs are not overlapped with each other (the collision between different MGs are to be addressed in section 2.4), the MG sharing is only needed among the frequency layers are that measured with the same 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 5: CSSF is calculated independently for each of the multiple concurrent MGs.
Collision between different MGs
Proposal 5 is based on the assumption that multiple MGs are not overlapped with each other. In this case, the measurement in one MG will not affect the measurement in another MG. This is not case when two MGs overlap with each other, and it needs to be accounted in the measurement requirements.  
As the MGRP for MGs are all multiple of 20ms, it means if two MGs have one overlapping occasion, the overlapping occasions will occur periodically with the larger MGRP between the two MGs. As such, it may not make much sense to have two MGs overlapping with each other with the same offset, as shown in Figure 3(a). As occasions of one MG is a subset of the other MG, configuring the second MG is enough to measure all the frequency layers.
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Figure 3: Illustration of overlapping MGs
On the other hand, it could happen that the MG offsets for the two MGs are different such that the MGL of the two MGs overlap for some or all MG occasions, but MGL of one MG cannot be fully covered by the other MG, as shown in Figure 3(b). Therefore, it is still meaningful to consider the collision and define requirements for the cases where two MGs overlap with each other. To be specific, MG#1 is considered as partially/fully overlapped with MG#2, if part/all of MG#1 occasions have overlapping MGL with MG#2 occasions.
In occasions where two MGs are overlapped, e.g. the first occasion for both MG#1 and MG#2 in Figure 3(b), it is reasonable that UE only measures for one of the MGs, either MG#1 or MG#2, as otherwise none of the MGs can be completely measured. Similar as requirements for existing collision cases, RAN4 should define the sharing rule for this case, e.g. how much of the overlapping occasions should be used for MG#1 and how much for MG#2. 
Proposal 6: UE is assumed to measure only in MGL of one MG in occasions where two MGs are overlapped. RAN4 to define sharing rules for cases where multiple MGs are partially/fully overlapped.
Conclusions
In this paper we provided our initial views on the multiple concurrent MGs.
Proposal 1: Support multiple concurrent MGs for measurements of different frequency layers, with same or different RS (SSB/CSI-RS/PRS).
Proposal 2: All concurrent MGs are of the same type (per UE MG or per FR MG). At most 2 concurrent MGs are supported 
· for a UE, if UE is configured with per UE MG
· for an FR, if UE is configured with per FR MG
Proposal 3: All MG related requirements defined for single MG, including UE behaviour during MG, MG patterns and their applicability, MG timing, effective MGRP, MG interruption and UE UL behaviour after MG, apply for each of the multiple concurrent MGs.
Proposal 4: Each frequency layer that requires MG is measured in a single MG.
Proposal 5: CSSF is calculated independently for each of the multiple concurrent MGs.
Proposal 6: UE is assumed to measure only in MGL of one MG in occasions where two MGs are overlapped. RAN4 to define sharing rules for cases where multiple MGs are partially/fully overlapped.
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