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Background
During the RAN4#99-e meeting, a WF [1] on TDM operating scenarios has been agreed. The Intra-band con-current V2X operation with adjacent carrier for TDD ban d has been fully discussed and with the agreement captured in the WF, we can further discuss the timing alignment issue as well as the switching period issue together.
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Within the WF [1], the agreement for issue 1-2-1 of intra-band concurrent V2X operation with adjacent carrier for TDD band is shown below:
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In this case, the Intra-band con-current V2X operation with adjacent carrier for TDD band will not have simultaneous NR UL TX and NR SL RX. In other words, the only scenario will be simultaneous NR UL TX as well as NR SL TX. And in-device co-existence study is not needed as concluded. 
In our previous paper submitted in RAN4#99-e [2], the FDM intra-band con-current operation has been fully discussed as whether the simultaneous NR UL TX and NR SL RX can happen. The detail timing issue when considering the timing advance if SL is aligned with DL is shown below in figure 1. The last symbol of the SL transmission is set to be guard period in case for sidelink TX and RX transform. For the sake of guard period design, it is used to protect the SL transmission from interruption when there is SL TX and RX switching.
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Figure 1 Timing issue for only simultaneous UL TX and SL TX
Observation 1: The guard period is designed for sidelink TX and RX switching.
To this extend, it is needed to consider the time mask of sidelink for switching. The time mask requirement of NR V2X UE is captured in TS 38.101-1 as 10us for transient period. As currently the LS to RAN1 of SL TX timing alignment hasn’t get reply yet, we would like to discuss the guard period for two different cases.

-Case 1: Keep current timing alignment as Sidelink aligned to DL time slot.
-Case 2: Change the timing alignment to sidelink aligned to UL time slot.
For case 1, as shown in figure 1, because of the TTA, the guard period should consider both the timing advance as well as the transient period.
Observation 2: The guard period should both cover the transient period and the TTA.
To cover the transient period and TTA, the guard period should be at least 10us + TTA. For TTA estimation, the inter-BS distance is 500m as captured in the simulation assumption in TR 38.886. Further consider the NTA_offset, it is assumed about 21us for TTA. So the guard period should cover at least 31us to ensure the transient period as well as TTA to be located inside.
The guard period is set to 1 symbol length hence for different SCS, the symbol length as the guard period will be different. The symbol duration is calculated and captured as below table 1:
Table 1: Symbol length for different SCS
	SCS (kHz)
	Symbol Duration (us)
	Symbols needed for guard period

	15
	71.4
	1

	30
	35.7
	1

	60
	17.8
	2


As calculated in the 3rd column, the symbols needed for guard period is 1/1/2 for SCS 15/30/60kHz respectively.
Observation 3: For SCS as 15kHz and 30kHz the guard period is long enough, however, for SCS as 60kHz, 2 symbols might be needed .
However, the above is considering the NTA_offset = 0 as captured in current TS 38.133. But we notice that there is currently parallel discussion in RRM session as considering non-zero NTA_offset (Refer to the WF[3])so that one symbol is enough to cover the transient period and the timing advance.
Observation 4: Currently RRM session is considering non-zero NTA_offset to keep the guard period unchanged as one symbol.
For case 2, situation is clearer that no timing advance needs to be considered. In this case only 10us transient period needs to be covered by one symbol and it can be seen that this is fulfilled even for 60kHz SCS with 17.8us symbol duration.
Observation 5: For case 2 as sidelink aligned to UL, the guard period is long enough to cover the transient period.
With the above consideration, we suggest to wait for the RRM session discussion as well as the RAN1 reply LS to finalize the guard period discussion.
Proposal 1: Wait for the RRM session discussion as well as the RAN1 reply LS to finalize the guard period discussion.
Conclusions
In this contribution, we give further discussion on remaining issue on UE FDM intra-band concurrent operation and the observations are shown as below：
Observation 1: The guard period is designed for sidelink TX and RX switching.
Observation 2: The guard period should both cover the transient period and the TTA.
Observation 3: For SCS as 15kHz and 30kHz the guard period is long enough, however, for SCS as 60kHz, 2 symbols might be needed .
Observation 4: Currently RRM session is considering decreasing the NTA_offset to keep the guard period unchanged as one symbol.
Observation 5: For case 2 as sidelink aligned to UL, the guard period is long enough to cover the transient period.
Proposal 1: Wait for the RRM session discussion as well as the RAN1 reply LS to finalize the guard period discussion.
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