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1. Introduction

In the last meeting, there is discussion on multiple concurrent and independent MG patterns and a WF was approved [1]. This contribution provides further discussion on this topic.
2. Discussion 
2.1 Definition of concurrent MG
According to the agreed the WF [1], the definition of concurrent MG is duplicated as following:
	· 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 behavior 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.


The exact definition of common period of time is FFS. In our view, there are two possible options for the definition of common period of time:

· Option 1: common period of time is measurement delay
· Option 2: common period of time is a certain value, and the exact value could be selected from MGRP, which is {20, 40, 80, 160}ms
Considering that measurement delay is impacted be many factors, e.g. SMTC period, DRX cycle, CSSF, etc.  different values of these factors will result in different measurement delay, and the flexible value of common period of time may complicate the UE implementation of multiple MGs. Based on above consideration, option 1 is not preferred. 

From our perspective, common period of time could be a fixed value and the exact value could be selected from MGRP, which is {20, 40, 80, 160}ms. According to the email discussion [2], some companies mentioned that it would be better to clarify that “concurrent gaps are also operating at the same time”. Otherwise, if only one gap pattern being active at time, the situation would be substantially the same as in Rel-16. In my understanding, “operating at the same time” means the measurement gaps are fully overlapped (taking two measurement gaps as an example, the fully overlapped case means that the two MGs have the same MGL, gap offset and MGTA, or one is totally covered by the MGL of another MG). However, it would be too limited to only consider the fully overlapped case. What’s more, we already agreed that RAN4 to work on at least non-overlapping concurrent gap as a start point [1]. To solve companies’ concern, in our view, it is not necessary to restrict the concurrent gaps are operating at the same time, it can be considered that concurrent gaps are operating during the single MGRP duration.

Observation 1: it is not necessary to restrict that“concurrent gaps are operating at the same time”. It can be considered that “concurrent gaps are operating during the single MGRP duration”
Proposal 1: common period of time is a certain value, and the exact value could be selected from MGRP, which is {20, 40, 80, 160} ms. 
2.2 Definition of independent MG
The definition of independent MG is FFS. According to the discussion in last meeting [1], there are two candidate options, which is duplicated as following:
· 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
Option 2 is to define the independent MG from UE behavior perspective. Currently, if MG is configured by RRC, it is assumed that transmission/reception of data is not allowed for all the MG instance from network point of view, even though some MG instances are not used for measurement by UE. Since which MG instance is in use and which MG instance is not used is up to UE implementation and network do not have such information. This information misalignment between network and UE also exists for the scenario of multiple concurrent and independent MG patterns. From this point of view, it is not preferred to adopt Option 2 considering that network do not have the information whether multiple gaps are operated simultaneously by UE. 
Observation 2: network do not have the information of whether multiple gaps are operated simultaneously by UE, since which MG instance is in use and which MG instance is not used is up to UE implementation.
Compared with UE behavior perspective, it is preferred to define the independent MG from configuration perspective: gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. If the gaps are configured by RRC, network will not schedule the UE during the MG instance, same assumption as in existing MG mechanism. In this case, UE and NW could have the same understanding on the usage of each measurement gap. Except MGL/MGRP/time offset, MGTA also need to be discussed. For two gaps with same MGL, MGRP, time offset, and only MGTA is different, whether these two gaps are considered as independent MG or not?  

Proposal 2: it is preferred to define the independent MG from configuration perspective. And at least the difference in MGL, MGRP and time offset need to be considered.
Proposal 3: for the definition of independent MG, it is proposed to discuss that except MGL, MGRP, time offset, whether MGTA is considered or not? 
· For two gaps with same MGL, MGRP, time offset, and only MGTA is different, whether these two gaps are considered as independent MG or not?
2.3 Relation to per-UE gap and per-FR gap
The relation to per-UE gap and per-FR gap is FFS. According to the discussion in last meeting, one issue is whether a combination of per-UE and per-FR MG patterns is considered or not. We checked TS 38.331 on MeasGapConfig, and it is clearly stated that per FR gap cannot be configured together with per UE gap, which is highlighted in yellow as shown in following:
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Observation 3: according to TS 38.331 on MeasGapConfig, per FR gap cannot be configured together with per UE gap.
In our understanding, this issue depends on UE capability of measurement gap. For the per-UE gap capable UE, multiple concurrent and independent MGs applies per UE. For the per-FR gap capable UE, there are two cases. Case 1: multiple concurrent and independent MGs are configured as per-UE gaps and applies per UE. Case 2: multiple concurrent and independent MGs are configured as per-FR gaps and applies per FR.

Proposal 4: 

· For the per-UE gap capable UE, multiple concurrent and independent MGs applies per UE. 

· For the per-FR gap capable UE, there are two cases. 

· Case 1: multiple concurrent and independent MGs can be configured as per-UE gaps and applies per UE.

· Case 2: multiple concurrent and independent MGs can be configured as per-FR gaps and applies per FR.
2.4 Partially and fully-overlapped cases
It was agreed that RAN4 to work on at least non-overlapping concurrent gap as a start point, and FFS whether to work on partially and fully-overlapped cases. Multiple concurrent MG patterns, especially non-overlapping case will further degrade the throughput. While the overlapped MG could reduce the impact on data loss introduced by multiple MG. Based on above consideration, we support to consider the partially and fully-overlapped cases.
Proposal 5: it is proposed to consider partially and fully-overlapped concurrent gaps, which could reduce the impact on the data loss.
2.5 Network configuration under DC mode
In EN-DC, per-UE gap and FR1 gap are configured by MN, FR2 gap is configured by SN. In NE-DC, per-UE gap, FR1 gap and FR2 gap are configured by MN. In NR-DC, per-UE gap, FR1 gap and FR2 gap are configured by MN. For multiple concurrent and independent MG patterns, only the number of configured MG patterns is increased from 1 to multiple, the existing configuration mechanism under DC mode can be reused.
Proposal 6: for multiple concurrent and independent MG patterns, existing configuration mechanism under DC mode can be reused:

· In EN-DC, per-UE gap and FR1 gap are configured by MN, FR2 gap is configured by SN. 

· In NE-DC and NR-DC, per-UE gap, FR1 gap and FR2 gap are configured by MN.
3. Conclusion
This contribution provides discussion on multiple concurrent and independent MG patterns. The observations and proposals are:
Definition of concurrent MG

Observation 1: it is not necessary to restrict that“concurrent gaps are operating at the same time”. It can be considered that “concurrent gaps are operating during the single MGRP duration”
Proposal 1: common period of time is a certain value, and the exact value could be selected from MGRP, which is {20, 40, 80, 160} ms. 
Definition of independent MG

Observation 2: network do not have the information of whether multiple gaps are operated simultaneously by UE, since which MG instance is in use and which MG instance is not used is up to UE implementation.

Proposal 2: it is preferred to define the independent MG from configuration perspective. And at least the difference in MGL, MGRP and time offset need to be considered.
Proposal 3: for the definition of independent MG, it is proposed to discuss that except MGL, MGRP, time offset, whether MGTA is considered or not? 
· For two gaps with same MGL, MGRP, time offset, and only MGTA is different, whether these two gaps are considered as independent MG or not?
Relation to per-UE gap and per-FR gap

Observation 3: according to TS 38.331 on MeasGapConfig, per FR gap cannot be configured together with per UE gap.
Proposal 4: 

· For the per-UE gap capable UE, multiple concurrent and independent MGs applies per UE. 

· For the per-FR gap capable UE, there are two cases. 

· Case 1: multiple concurrent and independent MGs can be configured as per-UE gaps and applies per UE.

· Case 2: multiple concurrent and independent MGs can be configured as per-FR gaps and applies per FR.
Partially and fully-overlapped cases

Proposal 5: it is proposed to consider partially and fully-overlapped concurrent gaps, which could reduce the impact on the data loss.
Network configuration under DC mode

Proposal 6: for multiple concurrent and independent MG patterns, existing configuration mechanism under DC mode can be reused:

· In EN-DC, per-UE gap and FR1 gap are configured by MN, FR2 gap is configured by SN. 

· In NE-DC and NR-DC, per-UE gap, FR1 gap and FR2 gap are configured by MN.
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