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1. Introduction
There were discussions [1-3] in the last RAN4 meeting on UE behavior before and after measurement gap. A way forward [3] was approved in which the agreements were captured and companies are encouraged to bring analysis in this meeting.

In this contribution we further provide our views on UE behavior before and after measurement gap.
2. Discussion

2.1 interruption due to measurement gap
In the last meeting, agreements was made on UE behavior before and after the measurement gap.

· When only MGTA or both MGTA and TA applies to measurement gap at UE in addition to measurement gap offset, the following UE behavior in the slot immediately before/after measurement gap should be specified for NR TDD.

· UE is required to conduct reception of DL data in the slot occurring immediately before the measurement gap if the last DL symbol in the slot is not overlapped with the measurement gap. 

· UE shall transmit UL data in the slot occurring immediately before the measurement gap if the last UL symbol in the slot is not overlapped with the measurement gap.
· UE shall transmit UL data in the slot occurring immediately after the measurement gap if the first UL symbol in the slot is not overlapped with the measurement gap.
However this agreement is kind of contradict the interruption requirements for measurement gap under some scenarios.
Scenario 1. 0ms MG timing advance for sync EN-DC and NR CA
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Figure 1a. Measurement gap with MG timing advance of 0ms for synchronous EN-DC and NR CA
According to the interruption requirements the slots can be used for data reception and transmission are slot j, 2j+1, 4j+3, 8j+7 before the measurement gap and slot j+N+1, 2j+2(N+1), 4j+4(N+1), 8j+8(N+1) after the measurement gap for 15kHz, 30kHz, 60kHz, 120kHz SCS respectively. This also applies to single carrier case and NR CA case with same or different numerology. The interruption requirements is aligned with the agreements on UE behavior before and after the measurement gap.
Scenario 2. 0.5ms MG timing advance for sync EN-DC and NR CA
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Figure 1b. Measurement gap with MG timing advance of 0.5ms for synchronous EN-DC and NR CA
This scenario is similar to scenario 1 except for 15kHz SCS.  According to the interruption requirements the slots can be used for data reception and transmission are slot 2j, 4j+1, 8j+3 before the measurement gap and slot 2j+2N+1, 4j+4N+2, 8j+8N+4 after the measurement gap for  30kHz, 60kHz, 120kHz SCS respectively. For 15kHz SCS the slot j and slot j+N are partial overlapped with measurement gap and cannot be used for data transmission and reception. However according to agreements on UE behavior before and after measurement gap, the first 7 symbols in slot j and last 7 symbols in slot j+N can be used for data transmission and reception since these symbols is not overlapped with measurement gap. 
Based on the observation, it seems either interruption requirements or agreements on UE behavior before and after measurement gap need to be revised. We also have some analysis on this aspect in [4]. In NR the scheduling can be on symbol level granularity and frame structure can also be configured with symbol level. It is worth using any symbols available as much as possible. So our view is that the interruption requirements should be revised to allow to use some symbols in slots j and j+N for 15kHz SCS.
Scenario 3. 0ms MG timing advance for async EN-DC
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Figure 1c.
Measurement gap with MG timing advance of 0ms for asynchronous EN-DC
For async EN-DC the slots that partially overlapped with measurement gap, e.g. slot j+1 and slot j+N+1 for 15kHz SCS, are not to be used for data transmission and reception according to interruption requirements as in Figure c and Table 9.1.2-4a in TS 38.133. Again based on agreements on UE behavior some symbols which is not overlapped with measurement gap in these slots can be used for data transmission and reception. 
With similar analysis as for scenario 2 the interruption requirements can be revised to allow usage of symbols in slots partially overlapped with measurement gap.

Scenario 4. 0.5ms MG timing advance for async EN-DC
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Figure 1d.
Measurement gap with MG timing advance of 0.5ms for asynchronous EN-DC
The interruption requirements and UE behavior before and after measurement gap are the same as for scenario 3. So the same conclusion can be draw.
Based on above observation and analysis the interruption requirements should be revised to allow usage of symbols not overlapped with measurement gap when the slot is partially overlapped with measurement gap.

Proposal 1: Interruption requirements is to allow usage of symbols not overlapped with measurement gap in slot which is partially overlapped with measurement gap.
2.2 UE behavior before measurement gap
The definition of a slot before the measurement gap should be clarified firstly. If a slot is partially overlapped with measurement gap, the slot can be considered a slot before the measurement gap since some of the symbols at the start of the slot can be used for data transmission and reception.  However it seems more convenient to discuss UE behavior on symbols before and after the measurement as a slot could be partially overlapped with measurement gap.
There should be no issue to transmit or receive on symbols before the starting point of the measurement gap, even if the slot is partially overlapped with measurement gap. This is not related to the duplex mode or different scenarios, including whether if MGTA is applied or not.
Proposal 2: UE shall be able to conduct reception on DL symbols occurring immediately before the starting point of measurement gap. 
Proposal 3: UE shall be able to transmit data on UL symbols occurring immediately before the starting point of measurement gap. 

2.3 UE behavior after measurement gap
The UE behavior after measurement gap could be little different. Since UE is required to retune back to carrier of serving cells at least at the end of the measurement gap, UE can conduct data reception after the measurement gap. 
Proposal 4: UE shall be able to conduct reception on DL symbols occurring immediately after the measurement gap. 

For UL data transmission on UL symbols occurring immediately after measurement gap, it is a little bit complicated. In LTE the UE behavior in the uplink subframe occurring immediately after the measurement gap is as follows.
In the uplink subframe occurring immediately after the measurement gap,

-
if the following conditions are met then it is up to UE implementation whether or not the UE can transmit data:
-
all the serving cells belong to E-UTRAN TDD;

-
if the subframe occurring immediately before the measurement gap is an uplink subframe.
-
Otherwise the UE shall not transmit any data.

In NR it is a little bit complicated compared to LTE due to the introduction of measurement gap timing advance. However if we consider symbol level requirements rather than slot level requirements it could be very generic and applicable to all the scenarios.
For the UL symbols occurring immediately after measurement gap similar requirement as in LTE can be defined. For FDD UE shall not transmit any data on UL symbols in the slot occurring immediately after the measurement gap or on UL symbols after the measurement in the slot partially overlapped with measurement gap.

For TDD if the symbol occurring immediately before the measurement gap is a DL symbol then UE hall not transmit any data on UL symbols in the slot occurring immediately after the measurement gap or on UL symbols after the measurement in the slot partially overlapped with measurement gap.
For TDD if the symbol occurring immediately before the measurement gap is a UL symbol it needs further analysis. In LTE it is up to UE implementation whether or not the UE can transmit data in the uplink subframe occurring immediately after the measurement gap. When an uplink subframe (including special subframe) is ahead of the measurement gap, the UE timeline is already advanced with timing advance so the transmission of uplink subframe after the measurement gap is feasible without leading to reduction of measurement gap. However, considering some practical implementation restrictions, such as accumulated timing adjustment, the measurement gap could also be reduced due to transmission in the uplink subframe after the measurement gap. Therefore the agreement is it is up to UE implementation whether to transmit on the uplink subframe in this case.
In NR however the measurement is based on SMTC. It is also noted that before the end of the SMTC window at least 2 SSB symbols are left for guard period and uplink transmission according to the design of time location of SSBs as depicted in Figure 2 for 15kHz SCS. 
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Figure 2: SSB pattern
For 30kHz SCS 2 or 4 SSB symbols are left depending on pattern to be used. In FR2 for 120kHz and 240kHz SCS at least 4 120kHz SCS symbols are left.  The minimum time left for GP and UL before the end of SMTC window is summarized in Table 1.
Table 1: Minimum time before the end of SMTC

	Frequency range
	SSB SCS
	symbol duration (us)
	No of SSB symbols
	Minimum time (us)

	FR1
	15KHz
	71.35
	2
	142.70

	
	30KHz
	35.68
	2
	71.35

	FR2
	120KHz
	8.92
	4
	35.68

	
	240 KHz
	4.46
	8
	35.68


For NR TDD if the symbol occurring immediately before the measurement gap is a UL symbol, the potential accumulated TA autonomous adjustment can be done during the time left for guard period and uplink transmission before the end of SMTC window. Therefore for this case UE should be able to transmit data on UL symbols in the slot occurring immediately after the measurement gap or on UL symbols after the measurement in the slot partially overlapped with measurement gap.

Proposal 5: UE shall be able to transmit data on UL symbols occurring immediately after the measurement gap if the following conditions are met.

-
all the serving cells belong to NR TDD;

-
if the symbol occurring immediately before the measurement gap is an uplink symbol.

-
Otherwise the UE shall not transmit any data.

3. Conclusion

In this contribution, we further provide our views on UL behavior before and after measurement gap. Based on the observations following proposals are present.

Proposal 1: Interruption requirements is to allow usage of symbols not overlapped with measurement gap in slot which is partially overlapped with measurement gap.
Proposal 2: UE shall be able to conduct reception on DL symbols occurring immediately before the starting point of measurement gap. 

Proposal 3: UE shall be able to transmit data on UL symbols occurring immediately before the starting point of measurement gap. 

Proposal 4: UE shall be able to conduct reception on DL symbols occurring immediately after the measurement gap. 

Proposal 5: UE shall be able to transmit data on UL symbols occurring immediately after the measurement gap if the following conditions are met.

-
all the serving cells belong to NR TDD;

-
if the symbol occurring immediately before the measurement gap is an uplink symbol.

-
Otherwise the UE shall not transmit any data.
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