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1. Introduction
There were discussions in the last RAN4 meeting on UE UL transmission after measurement gap [1]. A way forward [2] was approved and is copied as follows.

	· RAN4 try to define deterministic UE behavior for UL transmission after measurement gap, i.e. define UE behavior in the way such that network knows whether UE will transmit or not under certain conditions.

· Following aspects should be considered when defining the UE behavior:

· UE measurement time and re-tuning time if UE transmits UL after gap 

· NR measurement being based on SMTC window

· MGTA (measurement gap timing advance) in NR

· Flexible UL/DL assignment of symbols in NR 

· NR symbol length depending on SCS

· UL-DL and DL-UL switching time in NR

· Companies are encouraged to bring inputs for RAN4#88.




In this contribution we provide our views on UL transmission after measurement gap.
2. Discussion

In LTE, the UE behavior of transmission in the uplink subframe occurring immediately after the measurement gap is specified in TS36.133 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 LTE the measurement during measurement gap needs at least 5.29ms for TDD and 5.14ms for FDD. The one way RF switching time is about 0.5ms. Therefore at least 6ms measurement gap length is needed. For the uplink subframe after measurement gap, if subframe before the gap is a downlink subframe then UE needs conduct timing advance for the uplink subframe. As depicted in Figure 1 if subfame i is a downlink subframe, due to timing advance the effective measurement gap will be less than 6ms which would fail the measurement. Therefore the uplink subframe after the measurement gap is dropped. This applies to FDD and TDD when a downlink subframe is before the measurement gap. For TDD 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.
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Figure 1: UL transmission after measurement gap in LTE

In NR the system design is quite different from LTE. Slots and symbols can be configured to downlink, uplink and flexible by by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and/or tdd-UL-DL-ConfigDedicated. The flexible symbols can be further override with SFI and other methods. A slot format can include downlink symbols, uplink symbols, and flexible symbols. This is similar to special subframe in LTE.
The NR measurement is based on SMTC. UE only conduct measurement within the SMTC window. This is totally different from LTE and would make the analysis of transmission on the uplink slot after the measurement gap different compared to LTE. 
Figure 2 is an example of gap based measurement without gap timing advance in NR. It was agreed that measurement gap should cover all of the SMTC occasions on different frequency layers. The SMTC window on different frequency layers could be different.  To cover all the SMTC windows measurement gap could configured longer enough, which in some cases as show in Figure 2 the time between the end of the SMTC window and the start of the uplink slot (all symbols in the slot are uplink symbols) is quite long. This time is supposed to be used for RF tuning back to serving cell carrier frequencies if the slot after the gap is a downlink slot (all symbols in the slot are downlink symbols).
Similar to LTE timing advance is needed for transmission in the uplink slot for FDD and TDD with downlink slot before the measurement gap. In Figure 2 T1 is for RF retuning, which is 0.5ms for FR1 and 0.25ms for FR2. T2 is for timing advance, which include TA configured by TA command, NTA-offset as specified in Table 7.1.2-2 in TS38.133, UE Rx-Tx switching time which is 13us for FR1 and 7us for FR2 [3], and possibly accumulated TA autonomous adjustment. T0 is the time between the end of the SMTC window and the start of the uplink slot. It can be seen from Figure 2 that if summation of T1 and T2 is shorter than the time T0 the transmission on the uplink slot is feasible. In Figure 2 the transmission is feasible if measurement is of f2 but it may not if measurement is on f1.  
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Figure 2: UL transmission after measurement gap in NR without gap advance
When measurement gap timing advance is applied, as shown in Figure 3, it would increase the time between the end of the SMTC window and the start of the uplink slot depending on the SMTC window positions. The same analysis for the case in Figure 2 is also valid here. The time need to be considered is the time T0, T1 and T2 as explained in above discussion, which in principle is not changed by measurement gap timing advance 
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Figure 3: UL transmission after measurement gap in NR with gap advance
Observation 1: The uplink transmission on the uplink slot after the measurement gap is feasible if the time between the end of the SMTC window and the start of the uplink slot is longer than the time for RF retuning plus timing advance (including TA configured by TA command, NTA-offset, UE Rx-Tx switching time and possibly accumulated TA autonomous adjustment). This applies to both FDD and TDD when a downlink slot is before the measurement gap.
For TDD when an uplink slot or a slot with downlink symbols and uplink symbols is before the measurement gap, similar analysis can also be made. The difference is that no TA and NTA-offset should be included in T2 as it has already been done for uplink transmission before the measurement gap. 
Observation 2: The uplink transmission on the uplink slot after the measurement gap is feasible if the time between the end of the SMTC window and the start of the uplink slot is longer than the time for RF retuning plus timing advance (UE Rx-Tx switching time and possibly accumulated TA autonomous adjustment). This applies to TDD when a uplink slot is before the measurement gap.
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 4 for 15kHz SCS. 
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Figure 4: UL transmission after measurement gap in NR with gap advance
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. 
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 TDD when an uplink slot or a slot with downlink symbols and uplink symbols is before the measurement gap, The needed time for UE Rx-Tx switching time and possibly accumulated TA autonomous adjustment can be done during the time left for guard period and uplink transmission before the SMTC window. Therefore for this case UE should transmit data on the uplink slot after the measurement gap.
Proposal 1: For TDD if the slot occurring immediately before the measurement gap is an uplink slot, UE should transmit data on the uplink slot after the measurement gap.
For FDD and TDD when a downlink slot is before the measurement gap, it needs further consideration. Since the symbols left before the SMTC window is for guard period and uplink transmission it is reasonable that timing advance, even when no zero TA is applied, could be done in this time period. However, this may not be true for all the cases. For large size cell, large TA is expected which may not be covered the time before the end of the SMTC window. For simplicity it seems reasonable that this time period at least could cover NTA-offset, UE Rx-Tx switching time and possibly accumulated TA autonomous adjustment. The TA configured by TA command can be covered in the time T0. To summarize, following proposal is given.
Proposal 2: For FDD and TDD if the slot occurring immediately before the measurement gap is an downlink slot, UE should transmit data on the uplink slot after the measurement gap if the time between the end of the SMTC window and the start of the uplink slot is larger than TA value plus RF retuning time, which is 0.5ms for FR1 and 0.25ms for FR2.
3. Conclusion

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

Observation 1: The uplink transmission on the uplink slot after the measurement gap is feasible if the time between the end of the SMTC window and the start of the uplink slot is longer than the time for RF retuning plus timing advance (including TA configured by TA command, NTA-offset, UE Rx-Tx switching time and possibly accumulated TA autonomous adjustment). This applies to both FDD and TDD when a downlink slot is before the measurement gap.
Observation 2: The uplink transmission on the uplink slot after the measurement gap is feasible if the time between the end of the SMTC window and the start of the uplink slot is longer than the time for RF retuning plus timing advance (UE Rx-Tx switching time and possibly accumulated TA autonomous adjustment). This applies to TDD when a uplink slot is before the measurement gap.
Proposal 1: For TDD if the slot occurring immediately before the measurement gap is an uplink slot, UE should transmit data on the uplink slot after the measurement gap.
Proposal 2: For FDD and TDD if the slot occurring immediately before the measurement gap is an downlink slot, UE should transmit data on the uplink slot after the measurement gap if the time between the end of the SMTC window and the start of the uplink slot is larger than TA value plus RF retuning time, which is 0.5ms for FR1 and 0.25ms for FR2.
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