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Introduction
In RAN#89-e new WI [1], NR measurement gap enhancements is agreed for Rel-17. High level objectives of the WI is described below.
· Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2]
· Multiple concurrent and independent MG patterns [RAN4, RAN2]
· Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
In this contribution we discuss the principle for defining requirements for multiple concurrent and independent MG patterns.  
Discussion
In Rel-15/16 of NR, only one measurement gap can be configured within one measurement period per-UE or per-FR based on the per-UE and per-FR measurement gap capability. However the SMTC can be configured in a much flexible manner, e.g. with different periodicity and offset. Due to the restriction imposed by the single measurement gap per measurement period, flexibility of SMTC configuration cannot be fully utilised, there by resulting in measurement performance degradation in some scenarios. To solve this aspect, in Rel-17, measurement gap enhancements WI is introduced and one of the objective of the WI is described 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
According to the objective of the WI, it was agreed to introduce multiple independent and concurrent measurement gap patterns per measurement period. 

SMTC can be configured with multiple (two) SMTC periodicity and different offsets per periodicity. For a given SMTC periodicity, SMTC offset can be upto SMTC periodicity-1. For example for a SMTC periodicity of 40ms, offset of SMTC configuration can be 0 to 39. Theoretically speaking for a given SMTC period, based on {SMTC window, SMTC offset} multiple measurement gap pattern can be configured for UE. 

Though it was agreed to introduce multiple measurement gap patterns in a measurement period, RAN4 should be careful in deciding the number of concurrent or independent measurement gap patterns that are allowed per measurement period. If too many measurement gap patterns are allowed, it will increase the measurement gap density in a measurement period and thereby resulting in higher data interruptions. 
Another aspect RAN4 should consider while allowing the multiple MG patterns per measurement period is the cumulative MG length across the MG patterns per measurement period shall not exceed the current maximum MGL allowed for a MG pattern. That means currently, maximum MGL for a MG pattern is 20ms and the cumulative MG length across MG patterns in a measurement period shall not exceed 20ms. To understand this further, let use following example. In the example, if we assume 4 parallel independent MG patterns are allowed, the 4 MG patterns chosen should satisfy the criteria that total cumulative MG length across them cannot be more than 20ms. That means MG 0 (MGL=6ms), MG 1 (MGL=6ms), MG 4 (MGL=6ms) and MG 5 (MGL=6ms) should not be allowed to be configured as the parallel multiple MG patterns, as their resultant MGL is 24ms. 
In our view, the above mentioned restriction is further justifiable due to the fact that when one MGL is configured, total interruption length due to MG is 20ms, where as in the given example, interruption due to multiple MG gaps is increased to 24ms, which is not desirable as this is not the intended goal for the introduction of multiple MG patterns.
Another aspect RAN4 should consider in designing multiple MG patterns per measurement period is the interruption periodicity due to introduction of multiple MG patterns. We can take the current interruption periodicity as the reference for designing this parameter. In current NR system, the minimum MGRP is 20ms, that means minimum interruption periodicity due to MG is 20ms. In our understanding we can consider this as the minimum interruption periodicity.  That means RAN4 should allow only one MG for each 20ms.
Based on the above analysis we make the following proposal.
Proposal 1:  When designing multiple MG patterns in a measurement period, RAN4 to agree that maximum of only one MG is allowed for every 20ms.
Proposal 2: RAN4 to agree the principle for deciding the number of MG patterns per measurement period is “total cumulative MGL across MG patterns in a measurement period shall be less than current maximum MGL of 20ms and there cannot be more than one MG for each 20ms period”.
1. Conclusion
In this contribution, we discussed measurement gap enhancements and made the following proposals:
Proposal 1:  When designing multiple MG patterns in a measurement period, RAN4 to agree that maximum of only one MG is allowed for every 20ms.
Proposal 2: RAN4 to agree the principle for deciding the number of MG patterns per measurement period is “total cumulative MGL across MG patterns in a measurement period shall be less than current maximum MGL of 20ms and there cannot be more than one MG for each 20ms period”.
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