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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the RAN4 AH1801 meeting, there were some discussions on gap sharing but no conclusions were reached. In this paper, we discuss gap sharing. We mainly focus on intra-frequency measurement based on SSB, although actually the same concept can be extended to RLM or CSI-RS based measurement. 
2	Different Types of requirements for intra-frequency measurement
Intra-frequency requirements can be categorized into 4 types in following table, based on 
· frequency domain relationship between SSB and UE active BWP 
· time domain relationship between SMTC occasion and measurement gap (MG)
Below, we provide a summary of 4 types of time-frequency relationship between RS and MG with corresponding figures in Table 1.
	
	Frequency
	Time
	

	Type 1
	SSB is in UE’s active BWP
	SMTC occasions are fully non-overlapped with MG
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	Type 2
	
	SMTC occasions are partially overlapped with MG
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	Type 3
	
	SMTC occasions are fully overlapped with MG
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	Type 4
	SSB is not in UE’s active BWP
	SMTC occasions are fully or partially overlapped with MG
	[image: ]


[bookmark: _Ref503366972][bookmark: _Ref503366964]Table 1: Time-frequency relationship between RS and MG
Below, we provide views for above 4 types
· Type 1 (SSB is in UE’s active BWP in frequency. SSB is fully non-overlapped with MG in time)
This is the only type that currently captured in TS38.133. Since the SMTC occasions never overlap with MG, all SMTC occasions are considered for intra-frequency measurement and gap sharing is not needed. 

· Type 2 (SSB is in UE’s active BWP in frequency. SSB is partially overlapped with MG in time)
The SMTC periodicity is shorter than MGRP. One point to be discussed here is whether those SMTC occasions covered by MG should still be used for intra-frequency measurement. If yes, then gap sharing mechanism needs to be considered. In our opinion, using those gap-covered SMTC occasions could reduce the measurement delay for intra-frequency measurements, but at the cost of complicating UE behavior, complicating requirements in Spec and prolonging inter-frequency measurement delay. Therefore, we prefer to consider only those SMTC occasions non-overlapped by MG in the requirements, even for mix-numerology and FR2 with Rx beam sweeping.
Since time-domain SMTC occasions are punctured by MG. To keep the same accuracy performance, the corresponding requirements should modified to guarantee the same number of samples are used, comparing to Type 1. Denote 
Pintra = MGRP / TSSB,
where TSSB is SMTC periodicity. Generally, one of every Pintra SMTC occasions is punctured by MG, and equivalently (Pintra -1) SMTC occasions are available in a MGRP duration. Some examples of Pintra are provided in Figure 1. To guarantee sufficient samples, time-domain requirements shall consider this puncturing effect and shall be scaled up by Pintra/(Pintra -1), e.g., if N samples are agreed in the Type 1 requirements, requirement in Type 2 would require 
ceil( Pintra/(Pintra -1) x N) samples.


[image: ]
[bookmark: _Ref505764039]Figure 1. Some examples of Pintra.

[bookmark: _Ref505776274]Proposal 1: When SSB is in UE’s active BWP and SMTC occasions are partially overlapped with MG, only those SMTC occasions non-overlapped by MG are considered in the intra-frequency requirements. The final requirements should be modified to guarantee enough number of samples to UE for achieving the same accuracy requirements.

· Type 3 (SSB is in UE’s active BWP in frequency. SSB is fully overlapped with MG in time)
The SMTC periodicity is either the same as MGRP or larger than MGRP. Since all SMTC occasions are covered by gap, UE can only perform intra-frequency measurements within gap durations. This means gap should be shared by both intra- and inter-frequency measurements. Under this case, both the measurement delay of intra- and inter-frequency will be prolonged due to gap sharing. One online comment in last meeting was that this scenario can be avoided by proper network configurations, e.g., always configuring the SMTC periodicity smaller than MGRP. In our understanding, if this scenario can be avoided by network, it would be beneficial for both simplifying UE behaviors and simplifying the requirements.
[bookmark: _Ref505776275]Proposal 2: RAN4 to study if the scenario that all SMTC occasions are covered by measurement gap can be excluded in the requirements.

· Type 4 (SSB is not in UE’s active BWP in frequency. SSB is fully or partially overlapped with MG in time)
Since the cell-defining SSB is not within UE’s active BWP, UE can only perform intra-frequency measurement when the SMTC occasion is overlapped by gap, even though the SMTC occasions come more frequently than measurement gap. In other word, the effective SMTC periodicity becomes
max {MGRP, TSSB}.
Gap sharing between intra- and inter-frequency measurements is required. Similarly, the requirements should guarantee sufficient number of samples to UE in order to keep the same measurement accuracy. For an example, given the Kintra from Section 9.1.2 of TS38.133 and assuming N samples are agreed in the Type 1 requirements, then the number of samples for requirement in Type 4 becomes
ceil( Kintra x N) samples.
Note that this scenario would never happen to RLM due to the RAN1 requirement in RAN1#91 [2]
Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 




[bookmark: _Ref505776276][bookmark: _GoBack]Proposal 3: When SSB is not in UE’s active BWP, only those SMTC occasions overlapped by MG are considered in the intra-frequency requirements and gap sharing is needed. The final requirements should be modified to guarantee enough number of samples to UE for achieving the same accuracy requirements.

The same principles discussed above can be extended to RLM. For RLM, it is more preferred to avoid the Type 3 requirement, in which all RLM-RS are fully-overlapped by measurement gap. In general, RLM requires more frequent evaluations and indications than RRM. Gap sharing should be avoided for RLM. 

[bookmark: _Ref505776278]Proposal 4: Gap sharing should be avoided for RLM.
4	Conclusions
In the contribution, we discuss all RLM and RRM scenarios and propose the followings proposals.
Proposal 1: When SSB is in UE’s active BWP and SMTC occasions are partially overlapped with MG, only those SMTC occasions non-overlapped by MG are considered in the intra-frequency requirements. The final requirements should be modified to guarantee enough number of samples to UE for achieving the same accuracy requirements.
Proposal 2: RAN4 to study if the scenario that all SMTC occasions are covered by measurement gap can be excluded in the requirements.
Proposal 3: When SSB is not in UE’s active BWP, only those SMTC occasions overlapped by MG are considered in the intra-frequency requirements. The final requirements should be modified to guarantee enough number of samples to UE for achieving the same accuracy requirements.
Proposal 4: Gap sharing should be avoided for RLM. 
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In a MGRP period, 1 SMTC occasion is punctured, and 1 SMTC occasion remains.
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