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1. Introduction
A new R18 work item [1] has been approved to further enhance measurement gap design. Corresponding objectives are duplicated here for reference:
	4.1	Objective of SI or Core part WI or Testing part WI

The following objectives are considered in this WI:
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase
[bookmark: _Hlk95412263]
(2) Define RRM requirements for measurement without gaps for the following cases
· NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]
i. Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed
ii. Define related requirements, such as CSSF, measurement period, scheduling restriction etc.
· Inter-RAT measurements without gaps [RAN4]
i. Inter-RAT NR measurements
ii. Inter-RAT LTE measurement




In this contribution, we provide initial discussion on objective 1).
2. Discussion
Since this is the first RAN4 meeting for this work item, we think it is necessary to align views from companies on detailed scope, which determine what kinds of RAN4 requirements need to be discussed.
The basic scenario in case 1 is that NW configures Pre-MG plus one legacy gap pattern in the same frequency range. One typical use case could be as following:
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Figure 1 Pre-MG + legacy gap
MG1 is Pre-MG. It is ON when BWP2 is active while OFF when BWP1 is active. MG2 is a legacy gap which can be used for other inter-frequency, inter-RAT and even PRS measurement. 
Another possible combination is Pre-MG + Pre-MG:
[image: ]
Figure 2 Pre-MG + Pre-MG
Since mobility control is handled on PCC, it is quite typical for NW to configure relatively short SMTC such as 20ms or 40ms. However, NW may choose to configure longer SMTC on SCC since mobility on SCC is less sensitive compared to PCC. In the above example, SMTC on PCC is 20ms while SMTC on SCC is 40ms. Due to load balance or power saving and other reason, NW may configure multiple BWP on both PCell and SCell. When PCell is working BWP1, UE can measure SSB on PCC w/o gap. When PCell is working on BWP2, UE needs MG1 to measure SSB on PCC. Similar situation on SCC. Sometimes gap is needed and sometimes gap is not needed to measure SSB on SCC. Actually R17 Pre-MG in CA already support this case, i.e. UE can use MG1 to measure SSB. However, if UE can use another MGP with longer MGRP and shorter MGL to measure SSB on SCC when MG1 is not activated (BWP1 in PCell is active), system throughput can be increased. Because MG2 in green blocks has less overhead than MG1 in grey blocks.
[bookmark: _Ref110541041]Observation 1: Pre-MG + Pre-MG is beneficial in certain scenarios.
[bookmark: _Ref110541082]Proposal 1: consider Pre-MG + Pre-MG in case 1.

The basic scenario in case 2 is that NW configures an NCSG and a legacy gap for the UE in the same frequency range. One typical use case is UE can support NCSG on intra-band measurement, e.g. by enlarging actual BW to cover target SSB. If there is no spare RF chain on other bands, UE has to use legacy gap for measurement.
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Figure 3 NCSG + legacy gap
If UE still has another spare RF chain to cover band B, UE can still use NCSG to measure band B. It is beneficial for NW to configure another NCSG for measuring band B, especially when SMTC on band A and B are not aligned. For instance:
[image: ]
Figure 4 NCSG + NCSG
[bookmark: _Ref110541049]Observation 2: NCSG + NCSG is also beneficial under certain scenarios
[bookmark: _Ref110541089]Proposal 2: consider NCSG + NCSG in case 2.

Besides, Pre-MG plus NCSG can also bring some gain under certain scenario, such as:
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Figure 5 Pre-MG + NCSG
In above example, Pre-MG is used to measure MO on the same band. NCSG is used to measure MO on another band.
[bookmark: _Ref110541053]Observation 3: Pre-MG + NCSG is beneficial under certain scenarios
[bookmark: _Ref110541095]Proposal 3: consider Pre-MG plus NCSG in the scope.

Some other enhancement can also bring gain to the system. Such as pre-configured NCSG, i.e. NCSG can be ON or OFF similar as Pre-MG.
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Figure 6 pre-configured NCSG
In the above example, when BWP2 is the active BWP, UE can measure target SSB on f1 without measurement gap. When BWP1 is the active BWP, since SSB on f1 is outside the active BWP, UE cannot measure SSB on f1 without gap. In legacy network can enable a gap so that UE can use the gap to measure SSB on f1. Another possibility is to enable a NCSG when BWP1 is the active BWP. When BWP2 become active, the NCSG can be deactivated.
[bookmark: _Ref110541057]Observation 4: benefit is observed if NCSG can also be activated/deactivated. However, it is a bit out of scope of joint configuration of existing Pre-MG, concurrent gaps and NCSG.
[bookmark: _Ref110541111]Proposal 4: pre-configured NCSG with ON/OFF status can also be considered in R18, with lower priority than other use cases.

Besides scope, we also need to discuss how to support joint configuration. Our view is RAN4 can start with the outcome of R17 concurrent gaps design, such as maximum simultaneous gap patterns, gap collision handling and etc. On top of this, further enhancement is also possible. For instance, gap sharing based collision handling got support from multiple companies. Due to limited timeline in R17, RAN4 only managed to introduce priority-based collision handling. We think RAN4 can continue discussing it in R18 timeframe.
Proposal 5: the following concurrent gaps design introduced in R17 can be used as baseline when discussing joint configuration in R18.
· Maximum simultaneous gap patterns: 2 in each FR and 3 in total across all FRs
· Gap collision handling: starting from priority-based method. Further consider sharing mechanism
· Proximity condition: 4ms in both FR1 and FR2

3. Conclusion
In this contribution, we provide initial discussion enhancements of pre-configured MGs, multiple concurrent MGs and NCSG. After discussion, the following conclusions are provided:
Observation 1: Pre-MG + Pre-MG is beneficial in certain scenarios.
Proposal 1: consider Pre-MG + Pre-MG in case 1.
Observation 2: NCSG + NCSG is also beneficial under certain scenarios
Proposal 2: consider NCSG + NCSG in case 2.
Observation 3: Pre-MG + NCSG is beneficial under certain scenarios
Proposal 3: consider Pre-MG plus NCSG in the scope.
Observation 4: benefit is observed if NCSG can also be activated/deactivated. However, it is a bit out of scope of joint configuration of existing Pre-MG, concurrent gaps and NCSG.
Proposal 4: pre-configured NCSG with ON/OFF status can also be considered in R18, with lower priority than other use cases.
Proposal 4: pre-configured NCSG with ON/OFF status can also be considered in R18, with lower priority than other use cases.
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