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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 first objective: Pre-configured MG pattern(s) (fast MG configuration).
2. Discussion
According to the approved work plan in the last RAN4#97e [3], RAN4 is to discuss the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, and applicability of pre-configured MG pattern(s):
	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) Mechanisms of activation/deactivation of MG following a DCI or timer-based BWP switch
In legacy R15/R16 procedure, measurement gap pattern can only be configured/re-configured via RRC signalling. However, UE active BWP can be changed more dynamically (for DCI based and timer-based BWP switch). 
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Figure 1 BWP switch results in change of necessity of MG
Take above scenarios for example. UE is configured with two BWP, wherein BWP1 can cover target SSB on f0 while BWP2 cannot. Therefore, when BWP1 is active UE can measure target SSB without MG. But MG is needed once active BWP switches from BWP1 to BWP2. In legacy R15/R16, network would configure MG for the UE regardless which BWP is active. Otherwise, network needs to update MG configuration via RRC once BWP switch occurs, which will significantly jeopardise the benefit of dynamic BWP switch. The consequence of ‘always-on’ MG in this example is the unnecessary throughput degradation when UE is working on BWP1.
Some new mechanism is desirable to support more dynamical MG pattern configuration/reconfiguration. One solution is to link the MG pattern configuration with BWP configuration. Such that the MG pattern can be updated automatically when BWP switch occurs. 
[bookmark: _Ref60224051]Proposal 1: different MG pattern can be preconfigured for different BWP. 
[bookmark: _Ref60224057]Proposal 2: associated MG pattern shall be activated/deactivated upon BWP switch.
In Figure 1, certain MG pattern can be configured associated with BWP2 while no MG is configured with BWP1. Therefore, UE shall apply no MG when working on BWP1 while apply MG when working on BWP2.

2) Impact on measurement requirement
Another objective under this topic is to:
0. Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
Take the following configuration for example:
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Figure 2 measurement with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
When UE is working on BWP1, UE doesn’t need gap to measure target SSB since the active BWP can cover the SSB (assuming SCS of SSB is same as SCS of active BWP). Therefore no measurement gap is configured associated with BWP1. The measurement sampling rate is 40ms (subject to SMTC periodicity).
When UE switches from BWP1 to BWP2, gap is needed to measure target SSB since the SSB is outside UE active BWP. Gap is preconfigured on BWP2. Thus gap shall apply after BWP switching occurs. However, the measurement sampling rate is still 40ms. Because both SSB periodicity and measurement gap periodicity are 40ms.
In this example, the possible measurement sample rate is the same regardless UE is working on which BWP and whether MG is configured or not. It is feasible for UE to buffer the target SSB in every SMTC window. UE shall be able to perform L1 averaging on samples before and after BWP switching, and cell identification delay and measurement period shall remain the same before and after BWP switching
[bookmark: _Ref60224068]Observation 1: If BWP switching occurs with no impact on measurement sampling rate on all the carriers to be measured, it is possible for UE to perform L1 averaging on samples before and after BWP switching. Measurement requirements may remain the same before and after BWP switching.

However, if BWP switch would result in measurement sampling rate change, the corresponding measurement requirement may need to be updated:
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Figure 3 BWP switch with impact on measurement sampling rate 
In Figure 3 UE is configured with two measurement objects respectively on f0 and f2. MG1 is configured associated with BWP1 while MG2 is configured associated with BWP2. SMTC durations are 5ms and 2ms on f0 and f2, respectively. SMTC periodicity on f0 and f2 are the same: 80ms. To minimize the impact on throughput, network would configure short MGL (e.g. 3ms) when UE is working on BWP1 since SMTC duration on f2 is 2ms and UE can measure f0 without MG. However, when UE is working on BWP2, network may need to configure large MGL (6ms) since SMTC duration on f0 is 5ms and f0 also has to be measured within MG. Therefore, network may configure two different MG patterns associated with BWP1 and BWP2. 
To simply discussion, let’s assume the same MG periodicity, e.g. 80ms, is configured associated with BWP1 and BWP2.
When working on BWP1, UE can measure f0 outside MG while measure f2 within MG. Measurement sampling rate on each carrier is 80ms (UE can sample the SSB in green blocks).
When working on BWP2, both f0 and f2 have to be measured within MG. Measurement sampling rate depends on MGRP. If this example, measurement sampling rate on each carrier would become 160ms since MGRP is 80ms and UE can only measure one of f0 and f2 during each MG occasion.
Thus, in this example the measurement period is different when UE is working on different BWP. Assuming measurement period of f0 and f2 when UE is working on BWP1 is T1, if there is BWP switching during T1, thus UE can NOT have enough samples during T1. Measurement period is expected to be extended.
[bookmark: _Ref60224075]Observation 2: If BWP switching occurs with impact on measurement sampling rate. Measurement period would be different after BWP switch and corresponding measurement requirements need to be updated.
[bookmark: _Ref60224062]Proposal 3: RAN4 is to discuss the impact on measurement requirement for the following scenario:
· BWP switching occurs with impact on measurement sampling rate.

One more thing may need to be highlighted: if BWP switch delay happens to collide with RS to be measured, extra delay is expected.
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Figure 4 BWP switch with impact on measurement
As observed in figure 4, the SSB highlighted in grey is covered by BWP switching delay. Therefore UE cannot measure the SSB. Extra measurement delay can be expected in this case.
[bookmark: _Ref60918041]Proposal 4: if BWP switch delay happens to collide with RS to be measured, extra measurement delay is expected.
3. Conclusion
In this contribution, we provide initial discussion on mechanisms of activation/deactivation of MG following BWP switch and corresponding impact on RRM measurement requirement. After discussion the following conclusions are made:
Proposal 1: different MG pattern can be preconfigured for different BWP.
Proposal 2: associated MG pattern shall be activated/deactivated upon BWP switch.
Observation 1: If BWP switching occurs with no impact on measurement sampling rate on all the carriers to be measured, it is possible for UE to perform L1 averaging on samples before and after BWP switching. Measurement requirements may remain the same before and after BWP switching.
Observation 2: If BWP switching occurs with impact on measurement sampling rate. Measurement period would be different after BWP switch and corresponding measurement requirements need to be updated.
Proposal 3: RAN4 is to discuss the impact on measurement requirement for the following scenario:
· BWP switching occurs with impact on measurement sampling rate.
Proposal 4: if BWP switch delay happens to collide with RS to be measured, extra measurement delay is expected.
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