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1 Introduction
In RAN#89e meeting, a new work item R17 gap enhancement was approved in [1] with the following objectives considered. The WID was revised and approved in [2] in RAN#90e meeting with no objectives changed. 
	The following objective are considered in this WI:
(1) Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
· RRM requirements for pre-configured MG pattern(s) [RAN4]
· Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
· Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
· Specification of applicability of pre-configured MG pattern(s) [RAN4]
· Procedures and signaling for pre-configured MG pattern(s) [RAN2]
· Specification of protocol impacts of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration based on RAN4 input
(2) 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
(3) Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
· RRM requirements for NCSG [RAN4]
· Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
· Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
· Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
· Measurement requirements with NCSG
· Specification of applicability of NCSG patterns [RAN4]
· Procedures and signaling for NCSG patterns [RAN2]

Notes:
· The joint requirements for objectives (1), (2) and (3) can be discussed in the WI stage after stabilizing individual requirements.
· 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.


The WI was agreed to start in RAN4#98e meeting in Jan. 2021. So only work plan was approved [3] in RAN4#97e meeting. According to the plan, the work in RAN#98e is as below: 
	1) 3GPP RAN4 #98e meeting (January, 2021, 1TU, Core part)
· Discussions on : 
· Pre-configured MG pattern(s)
· Initial discussion on the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch. 
· Initial discussion on applicability of pre-configured MG pattern(s). 
· Multiple concurrent and independent MG patterns
· Initial discussion on maximum number of concurrent and independent MG patterns active at any time. 
· Initial discussion on applicability of multiple concurrent and independent gap patterns. 
· Network Controlled Small Gap (NCSG) specification
· Initial discussion on NCSG design, including VIL, ML and VIRP, for different numerologies in FR1 and FR2.
· Agreements on:
· Technical aspects of RRM requirements of each objective 


In this paper, we have some initial discussions on the second objective multiple concurrent and independent gap patterns. 
2 Discussion
In Rel-15/16 NR, only one gap pattern can be configured to the UE, and multiple concurrent and independent gap patterns was raised in Rel-17 enhancement due to the following disadvantages of a single gap pattern only: 
· For SSB based measurement, NW has to ensure that the SMTC from all the cells to be measured fall within the same measurement gap. But actually one single gap is difficult to cover multiple SMTCs in case the periodicities and time offsets are different. 
· With additional features and enhancements in NR requiring gap-based measurements, more measurements (CSI-RS, PRS measurement) will compete for the same measurement gap pattern which results of longer measurement delay. 
· The reference signals for different measurement (e.g., CSI-RS, SSB, PRS,…) are generally of different periodicity and offset which makes it difficult for NW to align them in time to share the same gap pattern. 
2.1 Applicability of multiple concurrent and independent gap patterns
With additional features and enhancements in Rel-16 NR, in addition to the traditional SSB based measurement, more measurements (such as CSI-RS, PRS based measurement) requiring gaps will compete for the same measurement gap pattern which results of longer measurement delay. Especially when the additional gap pattern #24 and #25 for positioning configured, much extension of measurement will cause longer delay and degraded throughput.  So the multiple concurrent gap patterns can be applied for all the measurements that need gaps. It is network implementation which measurement can be performed in a certain gap pattern. 
Proposal 1: The multiple concurrent gap patterns can be applied for all the measurements that need gaps. It is network implementation which measurement can be performed in a certain gap pattern. 
From the motivation of this objective listed above, the multiple concurrent gap patterns can also be applied to cover different SMTC configuration.  
Proposal 2: The multiple concurrent gap patterns can be applied for different SMTC configuration. 
2.2 Mechanisms of multiple concurrent and independent gap patterns
Using multiple gap patterns can cover the SMTCs from all configured MOs which may be of different periodicity or offset. And multiple gap patterns can be used for different measurement to reduce the measurement delay and to solve the disalignment of different reference signals. 
Introducing multiple gap patterns indeed resolves the disadvantages listed above. But when more gap patterns are configured, the NW overhead and the data throughput will be impacted. And the different gap patterns can also conflict with each other. To limit the impact on the current communication link and study the RRM requirements under the multiple gap patterns, the following issues need to be considered for the mechanisms of multiple concurrent and independent gap patterns: 
· The maximum number of multiple gap patterns
· The proximity of different gap patterns
· UE behaviors and RRM requirements when different gap patterns fully or partially overlapped
Proposal 3: The following issues need to be considered for the mechanisms of multiple concurrent and independent gap patterns: 
· The maximum number of multiple gap patterns
· The proximity of different gap patterns
· UE behaviors and RRM requirements when different gap patterns fully or partially overlapped
1) The maximum number of multiple gap patterns
The number of multiple MG patterns should be constrained to limit the NW overhead and the impact on the communication link. In our opinion, for gap pattern #0 to pattern #23 defined in table 9.1.2-1 in TS 38.133, three patterns are enough. 
In Rel-16, two new gap patterns #24 and #25 are introduced for positioning measurement which can be also used for NR and LTE measurement. For this two new gap patterns, the gap length is much longer than the legacy patterns which can be 10ms and 20ms. This has already obviously impacted the data throughput. So when one of this two gap patterns is used, at most 2 concurrent gap patterns are suggested. 
Proposal 4: When gap pattern #0 to pattern #23 defined in table 9.1.2-1 in TS 38.133 are used, at most three concurrent gap patterns can be configured. When gap #24 or #25 is used, at most 2 concurrent gap patterns can be configured. 
Proposal 5: When used for covering different SMTC configuration, at most 2 concurrent gap patterns can be configured. 
Proposal 6: When different SMTC and different measurement are both used, at most 3 concurrent gap patterns can be configured. 
3 Summary
In this paper, we have some initial discussions on the multiple concurrent and independent gap patterns and the following observations and proposals are given：
Proposal 1: The multiple concurrent gap patterns can be applied for all the measurements that need gaps. It is network implementation which measurement can be performed in a certain gap pattern. 
Proposal 2: The multiple concurrent gap patterns can be applied for different SMTC configuration. 
Proposal 3: The following issues need to be considered for the mechanisms of multiple concurrent and independent gap patterns: 
· The maximum number of multiple gap patterns
· The proximity of different gap patterns
UE behaviors and RRM requirements when different gap patterns fully or partially overlapped
Proposal 4: When gap pattern #0 to pattern #23 defined in table 9.1.2-1 in TS 38.133 are used, at most three concurrent gap patterns can be configured. When gap #24 or #25 is used, at most 2 concurrent gap patterns can be configured. 
Proposal 5: When used for covering different SMTC configuration, at most 2 concurrent gap patterns can be configured. 
Proposal 6: When different SMTC and different measurement are both used, at most 3 concurrent gap patterns can be configured. 
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