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In this paper, we provide our view on multiple concurrent and independent MG patterns for MG enhancements. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, 2 WFs were made for R17 NR MG enhancements. Based on the WFs, we would like to discuss multiple concurrent and independent MG patterns for MG enhancements.
R4-2104096 [1]
	WF : Multiple concurrent and independent MG patterns 
· Work Plan
· Rapporteurs are encouraged to reflect extended Rel-17 timelines in the WID in the next plenary. The work plan can be updated afterwards. 
· 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

· Concurrent MG definition
· Concurrent MGs are multiple MGs that are configured for measurements during a common period of time
· Exact definition of common period of time is FFS
· UE behavior for non-overlapping, partially or fully overlapped cases is irrelevant to the definition and will be discussed separately.
· Note 1: current definition does not address pre-configured MG patterns and NCSG. FFS how to address pre-configured MG patterns and NCSG
· Concurrent MG patterns
· MG patterns are selected from Rel-16 gap patterns #0 to #25.

· Independent MG definition: FFS
· Option 1: (configuration perspective) gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. 
· Option 2: (UE behavior perspective) gaps are considered as independent gaps if they can operate simultaneously without impacting the measurement performance requirements.
· Other option is not precluded
· FFS whether to merge the definition of independent gap and concurrent gap.

· Applicability
· The measurement purposes of concurrent gaps include:
· Different SMTC configurations
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs 
· FFS whether to extend to NCSG or pre-configured MG in the 2nd phase of the WI 
· Other purposes not precluded
· RAN4 to ensure both UE and NW have the same understanding on the usage of each measurement gap. 
· RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s).

· Relation to per-UE gap and per-FR gap
· RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
· Option 1: All concurrent MGs are of the same type (per UE MG or per FR MG).
· Option 2: The parallel MG patterns can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
· Option 3:
· For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
· For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR
· Other option is not precluded
· RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.
· RAN4 shall further discuss whether a per FR gap and concurrent gap capable UE shall support multiple concurrent gaps on at least one FR.

· Overlapping
· RAN4 to work on at least non-overlapping concurrent gap as a start point. 
· FFS whether to work on partially and fully-overlapped cases.

· Overhead
· Overhead for configuring multiple concurrent MG patterns.
· Option 1: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition 
· Option 2: Depends on NW configuration
· Other option is not precluded

· Measurement Requirement
· Measurement capability
· Keep Rel-16 UE measurement capability of number of layers to be monitored by gap(Section 9.1.3 of TS38.133) for UE configured with concurrent gaps.
· Chairman note : Nokia: have concerns on Slide 9 “Definition of number of layers”
· CSSF
· RAN4 to discuss how to define CSSF for concurrent gaps.
· Other requirements
· FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG. 
· Other requirements can be further discussed in future meetings
· 
· Others
· No new gap pattern will be introduced in the scope of concurrent gaps objective in this WI.
· Network configuration 
· RAN4 to discuss whether to trigger LS to get RAN2 feedback for network configuration under DC mode.




· Concurrent MG definition
It was agreed that concurrent MGs are multiple MGs that are configured for measurements during a common period of time. A common period of time was FFS.
And measurement purpose of concurrent multiple MGs can be different as followings
· Different SMTC configurations
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs 

The configuration of multiple MGs can be activated for the measurement purpose and deactivated after completion of the measurements by NW. Therefore, the common period of time for multiple MGs can be the activated common duration of the multiple MGs. 

Proposal 1: A common period of time for multiple MGs can be considered as the commonly activated duration of the multiple MGs. 

· Independent MG definition
Generally, MG configurations are informed from NW to UE. After informed to UE, how to apply the MG configurations is up to UE implementation. 
In aspect of UE behaviour, for single measurement capable receiver, only non-overlapping multiple MGs can be independent MGs. On the other hand, for multiple measurements capable receiver, configured multiple MGs can be independent MGs regardless of overlapping fully and/or partially. 
In aspect of configuration, it is possible to configure at least one of the configurations in MGL, MGRP, time offset to be different. The configuration can be independent, however, it cannot guarantee independent measurement in case of having common measurement receiver.
Regarding these, independent MG definition in aspect of configuration is preferred.
Proposal 2: MGs are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different 

· Relation to per-UE gap and per-FR gap
In Rel-16, two types of MG such as per-UE MG and per-FR MG with MG pattern ID#0~#25 and related applicability were specified. General behaviour is that network must provide either a single per-UE MG pattern or per-FR MG patterns when UE requires MGs to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells.
For multiple MG patterns, same behaviour can be expected. And, the existing applicability of MG pattern ID should be kept for multiple MG patterns. In other words, multiple MG patterns based on per-UE MGs can be selected among applicable MG pattern IDs per-UE MGs, and multiple MG patterns based on per-FR MGs can be selected among applicable MG pattern IDs per -FR MGs. Here, the multiple MG patterns need to be defined separately for FR1 and FR2 regarding UE RF architecture. 
Proposal 3: For a Per UE gap capable UE, multiple concurrent and independent MG Patterns apply per UE.
For a Per FR gap capable UE, multiple concurrent and independent MG Patterns apply per FR

If multiple MG patterns are applied to UE, the UE is not required to transmit or receive data during MGL of the multiple MGs. It means performance degradation can occur higher than a single MG pattern. One way to reduce performance degradation due to multiple MG patterns is to limit the number of activated multiple MGs simultaneously. The other way is to deactivate added MG pattern IDs for multiple MG patterns after completion of measurement purpose. Therefore, the number of activated multiple MGs is preferred with 2 for per-UE, for per-FR gap in FR1 and for per-FR gap in FR2.
Proposal 4: Define the number of activated multiple MGs simultaneously as follows.
· 2 for per-UE gap
· 2 for per-FR gap in FR1
· 2 for per-FR gain in FR2
Conclusion
In this contribution, we provided our views on multiple concurrent and independent MG patterns for MG enhancements. Proposals are as follows.
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