[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk67947929][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 98-bis-e 	R4-2106536
Electronic Meeting, Apr. 12-20, 2021

Agenda Item:	8.5.2.2
Source:	OPPO
Title:	On multiple concurrent and independent MG patterns for NR_MG_enh
Document for:	Approval
1 Introduction
[bookmark: OLE_LINK21]A new Work Item of ‘RRM measurement gap enhancement in R17’ [1] has been approved in RANP #89 meeting. The objectives of multiple concurrent and independent MG patterns are duplicated as below,
	Multiple concurrent and independent MG patterns [RAN4, RAN2]
· RRM requirements for concurrent and independent MG patterns [RAN4] 
· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP)  
· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
· Define the corresponding measurement requirements
· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input
Notes:
· The work on all objectives should consider UEs in RRC CONNECTED mode only. 
· The work includes EN-DC, NE-DC, NR-NR DC and standalone operations and includes both per-FR MG capable UE and per-UE MG capable UE.


In RAN4#98e meeting, a WF[1] on multiple concurrent and independent MG patterns was also approved.
In this contribution, we provide our view on pre-configured MG pattern for RRM measurement gap enhancement in R17.
2 Discussion 
RAN4 has agreed on definition of concurrent MG as the followings, leaving independent gap as FFS. RAN4 also agreed to work on at least non-overlapping concurrent gap as a start point.
· 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 behaviour 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.
· FFS definition of independent MG
· 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.
From the definition of concurrent gap, it mainly focuses on the point of gap configuration. UE behavior for non-overlapping, partially or fully overlapped cases is irrelevant to the definition and will be discussed separately. So, the same logic can be reused for definition of independent MG. For example, per FR1 gap and per FR2 gap are definitely independent MG. We prefer option 1 from configuration perspective.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 1: Gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different.
In this case, the definition of concurrent MGs can be updated as multiple independent MGs that are configured for measurements during a common period of time.
Proposal 2: Concurrent MGs are multiple independent MGs that are configured for measurements during a common period of time.
In current release，for NR SA and NR-DC，at most 1 NR gap pattern is allowed for UE if configured with per UE gap，or at most 2 NR gap pattern is allowed for UE if configured with per FR1 and FR2 gap. RAN4 agreed to further discuss on the max number of concurrent gaps for per-UE gap FR1-gap and FR2-gap. However, before that, RAN4 should firstly decide on whether to allow per UE and per FR gap configured in parallel. On the other hand, we prefer pre-configured MG patterns can be also considered into concurrent gap once it was activated, which may be configured as per UE or per FR gap independently.
From configuration perspective, different from current measurement configuration, we think per UE and per FR gaps could be configured or pre-configured as concurrent gaps during a common period, not precluding they are not simultaneously used by UE. RAN4 is suggested to study the feasibility of per UE and per FR gaps configured or pre-configured in parallel as concurrent gaps. FFS how to simultaneously work.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 3: From configuration perspective, RAN4 study the feasibility of per UE and per FR gaps configured or pre-configured in parallel as concurrent gaps. 
If proposal 3 was agreed, we think it does not always happen that a UE capable of per FR gap and concurrent gap supports multiple concurrent gaps on at least one FR, because UE may support 1 per-UE gap+ 1 per-FR1 gap simultaneously. Otherwise, it shall be true that UE shall support multiple concurrent gaps on at least one FR.
Observation 1: If per UE and per FR gaps are not allowed to be configured in parallel, UE capable of per FR gap and concurrent gap supports multiple concurrent gaps on at least one FR.
The intention of introducing concurrent and independent MG patterns is to improve the efficiency of measurement and throughput. Additional MG are usually assumed to be supplement for those of per UE or per FR gap. 
Meanwhile, considering UE implementation, most of UE RF chains in FR1 can be correlative where corresponds to LB, MB and HB, usually sharing the same RFIC. In addition, for both FR1 and FR2, the simultaneous measurement on multiple carriers are also confined to simultaneous RF and baseband processing capabilities, e.g., 2 measurement engines were assumed for Rel-15 and Rel-16 mobility measurement. ONLY if the measurement capability on multiple CCs was improved, we can further discuss the feasibility of higher UE capability.
Thus, we think the expected performance gain could not be achieved if too many independent MGs were configured or required for UE. If UE is capable of per FR gap, at least 2 gaps can be configured for UE, with 1 per FR1 gap and 1 per FR2 gap. 
Case 1: Assuming per UE and per FR gaps are independent gap, and are allowed to be configured in parallel, the following cases could be allowed:
· 1 per UE gap + 2 per FR gap (i.e., per FR1 and/or per FR2 gap)
· 2 per UE gap, only 1 per FR1 or per FR2 gap
Case 2: Assuming per UE and per FR gaps are not independent gap, and are not allowed to be configured in parallel, the following cases could be allowed:
· 2 Per FR1 gap + 1 per FR2 gap
· 1 Per FR1 gap + 2 per FR2 gap
· 2 Per UE gap 
Observation 2: Assuming per UE and per FR gaps are independent gap, they are allowed to be configured in parallel.
Observation 3: Assuming per UE and per FR gaps are not independent gap, they are not allowed to be configured in parallel.
In summary, regardless of whichever assumption, we suggest that UE support at most 3 concurrent MG patterns activated at any time. Besides, for EN-DC and NE-DC, UE shall satisfy the similar restriction and max number of active MG patterns.
Proposal 4: UE supports at most 3 concurrent MG patterns activated at any time.
3 Summary
In this contribution, we provided our views on concurrent and independent MG patterns for WI NR RRM measurement gap enhancement. 
Proposal 1: Gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different.
Proposal 2: Concurrent MGs are multiple independent MGs that are configured for measurements during a common period of time.
Proposal 3: From configuration perspective, RAN4 study the feasibility of per UE and per FR gaps configured or pre-configured in parallel as concurrent gaps. 
Observation 1: If per UE and per FR gaps are not allowed to be configured in parallel, UE capable of per FR gap and concurrent gap supports multiple concurrent gaps on at least one FR. 
Observation 2: Assuming per UE and per FR gaps are independent gap, they are allowed to be configured in parallel.
Observation 3: Assuming per UE and per FR gaps are not independent gap, they are not allowed to be configured in parallel.
Proposal 4: UE supports at most 3 concurrent MG patterns activated at any time.
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