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1. Introduction
A new R17 work item regarding measurement gap enhancement was approved in [1, 2]. The objectives in the latest WID [2] are duplicated here for information.

1. Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
0. RRM requirements for pre-configured MG pattern(s) [RAN4]
0. Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
0. Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
0. Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
0. Specification of applicability of pre-configured MG pattern(s) [RAN4]
0. Procedures and signaling for pre-configured MG pattern(s) [RAN2]
0. 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
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
1. Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
0. RRM requirements for NCSG [RAN4]
0. Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
0. Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
0. Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
0. Measurement requirements with NCSG
0. Specification of applicability of NCSG patterns [RAN4]
0. Procedures and signaling for NCSG patterns [RAN2]
Notes:
1. The joint requirements for objectives (1), (2) and (3) can be discussed in the WI stage after stabilizing individual requirements.
1. 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 this contribution, we will focus on the second objective: Multiple concurrent and independent MG patterns.
2. Discussion
According to the approved work plan in the last RAN4#97e [3], RAN4 is to discuss the maximum number of concurrent and independent MG patterns active at any time and applicability of multiple concurrent and independent gap patterns:
	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 



1) Maximum number of concurrent and independent MG patterns active at any time
Since release 16, cell level CSI-RS measurement and PRS measurement is feasible from RAN4 perspective. For inter-frequency scenario, all the measurements are expected to be measured within measurement gap. It is desired that the configured measurement gap can cover all the reference signals on different carriers to be measured. However, sometimes it is quite challenging for network to algin all the reference signals from all neighbour cells in time domain, especially when UE is configured with both mobility purpose and positioning purpose measurements. This is also one of the key motivations to introduce concurrent and independent MG patterns.
For R17 UE, with active concurrent and independent MG patterns, UE is able to perform measurement on reference signals (most likely are CSI-RS or PRS) with different offset and/or MGRP. On the other hand, two parallel MG patterns don’t always increase MG overhead. In fact, it can even reduce MG overhead in certain scenarios.
Imagine UE is configured measurement on f1 and f2. RS periodicity on f1 and f2 are 40ms and 80ms, respectively. There is 20ms offset between SSB on f1 and CSI-RS on f2. In R15/R16, network has to configure one MG pattern with 20ms MGRP such that the MG occasion can cover all the SSB and CSI-RS on f1 and f2.
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Figure 1 one MG pattern to cover both f1 and f2
However, as can be observed in Figure 1, the MG occasion highlighted in grey is unnecessary since there is nothing to measure at this time slot. Assuming MGL = 6ms, the MG overhead is 30%.
In R17 solution, UE can be configured with two concurrent MG patterns to cover f1 and f2, respectively. The periodicity of each MG pattern can be the same as the periodicity of the RS to be measured:
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Figure 2 two MG patterns to cover f1 and f2 respectively
In this configuration UE can measure all the SSB and CSI-RS on f1 and f2 without any unnecessary MG occasion. The MG occasion is 22.5%, which is lower compared to configuration in Figure 1.
[bookmark: _Ref61042543]Observation 1: sometimes MG overhead can be lowered by configuring two concurrent and independent MG patterns.
However, it is straightforward that with more concurrent MG patterns configured, the MG overhead would be increased. Especially for the patterns with short MGRP like 40ms and 20ms. For instance, if UE is configured with three concurrent MG pattern 0, then the MG overhead would be 18/40 = 45%. Note that the MG occasion of the three patterns is either fully non-overlapped or fully overlapped. We believe 45% MG overhead is too high. 
Firstly, higher MG overhead means higher data throughput degradation since no data transmission within MG. 
Secondly, higher MG overhead means less opportunity for intra/inter-frequency measurement without gaps. Corresponding mobility performance cannot be guaranteed. Typically, intra/inter-frequency measurement without gap are for PCell mobility control and should be considered as more important compared with gap-based measurement. 
[bookmark: _Ref61042547]Observation 2: too many concurrent MG patterns would result in high MG overhead, which is not desirable considering data throughput degradation and mobility performance loss for carriers which are measured outside MG.
Thus RAN4 needs to discuss the maximum number of concurrent and independent MG patterns active at any time. From MG overhead perspective, the maximum MG overhead among R16 MG patterns is 30% (pattern 4). Note that pattern 4 is an optional pattern. Within the mandatory MG patterns, the maximum MG overhead is 15% (pattern 0). To avoid throughput degradation, we propose to keep the maximum MG overhead unchanged.
[bookmark: _Ref61042571]Proposal 1: MG overhead should be taken into account when discussing the maximum number of multiple concurrent and independent MG patterns.
[bookmark: _Ref61042583]Proposal 2: when configuring multiple MG patterns, NW should make sure that the MG overhead shall not exceed the maximum MG overhead of the pattern supported by the UE according to R15/16 capabilities supportedGapPattern and supportedGapPattern-NRonly.
For instance, if UE supports pattern #4 as indicated in supportedGapPattern, which is with 6ms MGL and 20ms MGRP, then the UE can be configured with two concurrent MG pattern #0 with different offset. But the UE can not be configured with two concurrent MG pattern #4 with different offset.

For SSB based measurement, it is rational to assume that network can guarantee SMTC on different carriers can be covered by a single MG pattern. Because there are quite a lot of release 15 and 16 UEs in practical network, for which only one single MG pattern can be configured. Considering backward compatibility, R15/16 UE mobility performance has to be guaranteed even in upgraded R17 network. Note that SMTC is per carrier configured. Therefore, R17 UE can also benefit from SMTC alignment on all the carriers.
[bookmark: _Ref61042551]Observation 3: to guarantee basic mobility performance, R17 network still has to make sure all carriers can be measured by R15/R16 UEs with one single measurement gap pattern.
Based on observation 3, in our view one additional concurrent MG pattern should be enough to support CSI-RS and/or PRS measurement with different offset and/or repetition periodicity.
[bookmark: _Ref61042590]Proposal 3: no more than 2 multiple concurrent and independent MG patterns is expected in R17.

2) Configuration of concurrent and independent MG patterns active at any time
There could be several ways to configure the concurrent MG patterns. One is to enable multiple concurrent measurement gap patterns for different types of measurement. In below example, UE is working on carrier f0 and is configured with two measurement objectives:
· SSB based L3 measurement on carrier f1
· CSI-RS based L3 measurement on carrier f2
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Figure 3 two concurrent MG patterns to cover SSB and CSI-RS respectively
In above SSB and CSI-RS configuration the time offset is the same while periodicity is different. The SMTC duration is longer than CSI-RS duration. Thus even though CSI-RS on f2 can also be covered by MG1, network may want to configure a relative short gap for UE to measure CSI-RS to increase system throughput. In above scenario, it is preferred that UE measure SMTC within MG1 occasions which are NOT overlapped with MG2, and measure CSI-RS within MG2.
This is just a simple example. In real practice UE would be configured with many measurement objects on many carriers. There may be some overlapping between multiple MG patterns. Then how to perform measurement, i.e. which carrier should be measured on the colliding MG occasion, shall be discussed in RAN4. 
[bookmark: _Ref61042594]Proposal 4: RAN4 needs to discuss the measurement requirement for scenario wherein there is MG occasion overlapping between multiple concurrent MG patterns.
We can see there could be several options at this moment, e.g.
· Option 1: leave it to implementation on which carrier(s) to measure.
UE behavior is not defined in specification. Either no RRM requirement is defined or RRM requirement is defined assuming UE can only measure one of the carriers.
· Option 2: prioritize certain measurement type as default.
e.g. intra/inter-frequency measurement can be considered more important compared with inter-RAT measurement. Once MG occasions collision occurs, UE shall prioritize intra/inter-frequency measurement by default. 
· Option 3: up to NW control. Allow NW to indicate which measurement is prioritized.
If all the configured measurement objects are for inter-frequency case. Network can choose to prioritize the measurement on certain carrier, or to prioritize certain type of measurement, e.g. prioritize SSB over CSI-RS and so on.

3. Conclusion
In this contribution, we provide initial discussion on multiple concurrent and independent MG patterns. After discussion the following conclusions are made:
Observation 1: sometimes MG overhead can be lowered by configuring two concurrent and independent MG patterns.
Observation 2: too many concurrent MG patterns would result in high MG overhead, which is not desirable considering data throughput degradation and mobility performance loss for carriers which are measured outside MG.
Proposal 1: MG overhead should be taken into account when discussing the maximum number of multiple concurrent and independent MG patterns.
Proposal 2: when configuring multiple MG patterns, NW should make sure that the MG overhead shall not exceed the maximum MG overhead of the pattern supported by the UE according to R15/16 capabilities supportedGapPattern and supportedGapPattern-NRonly.
Observation 3: to guarantee basic mobility performance, R17 network still has to make sure all carriers can be measured by R15/R16 UEs with one single measurement gap pattern.
Proposal 3: no more than 2 multiple concurrent and independent MG patterns is expected in R17.
Proposal 4: RAN4 needs to discuss the measurement requirement for scenario wherein there is MG occasion overlapping between multiple concurrent MG patterns.
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