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Background
During the RAN4#98-bis-e meeting, a WF [1] on operating scenarios has been agreed. The frequency separation issue as well as the full duplex concept has been raised. In this paper, we would like to further clarify the FDM operation scenario and further discuss the timing requirement.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
For FDM intra-band concurrent operation, full duplex is considered with separate RF chain architecture as baseline assumption as captured in the WF [1]. However, when mention the full duplex for intra-band concurrent operation, it is still needed to further clarify the scenario as below two cases:
Case 1: UL and SL simultaneous TX + SL RX and no UL TX
Case 2: UL and SL simultaneous TX + SL RX and UL simultaneous TX
There is no SL RX + UL RX simultaneously as it has been agreed that SL slot will only use UL slots based on interference study from RAN1. 
For Case 1, UL and SL simultaneous TX in the first slot while SL RX in the second slot. With the case 1 rule, there will be no UL TX at this 2nd slot hence it is shown empty in the figure 1. For the third slot it has switched back to SL TX hence there is UL TX simultaneously in the 3rd SL. With that, there is still yellow region which is shown below as figure 1 as overlapping of SL RX and UL. However, this also need to consider the SL RX to SL TX transient period. 
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Figure 1 Timing issue for case 1
The SL transient period is captured in TS 38.101-1 as shown below:


Figure 2 General PSCCH/PSSCH time mask for NR V2X UE
We can see the transient period from On to Off as well as Off to On both locates in the guard period. Hence as the DL timing alignment of SL, the TTA will also locate in the guard period, which means the guard period should both cover the 2 time transient period and the TTA.
Observation 1: The guard period should both cover the 2 time transient period and the TTA.
To cover the transient period and TTA, the guard period should be at least 20us + 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 41us 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 in our previous paper [3] 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
	2

	60
	17.8
	3


As calculated in the 3rd column, the symbols needed for guard period is 1/2/3 for SCS 15/30/60kHz respectively.
Proposal 1: To set guard period as 1/2/3 symbols for SCS 15/30/60kHz respectively.
With the above proposal 1 setting for guard period, the FDM operation with both adjacent and non-adjacent carrier can operate normally without interference.
For case 2, as can be seen below in figure 3, the whole SL RX slot will have overlap with the UL TX. One example as inter-band CA and EN-DC, there will have some scenario that simultaneous TX and RX and it is currently discussed in the main forum. However, if we look back to the current combinations for simultaneous TX and RX, the combs are for inter-band while intra-band is not defined since large enough frequency separation need to be considered. With that, the simultaneous TX/RX combination frequency separation can be starting point for non-adjacent FDM operation.
Observation 2: The simultaneous TX/RX combination frequency separation can be starting point for non-adjacent FDM operation
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Figure 3 Timing issue for case 2
There has been discussion about the FDD band frequency separation for the non-adjacent operation, we believe if the FDD frequency separation is considered, then an extra FDD duplexer will be needed to guarantee enough isolation for the UL and SL RF chain. 
Observation 3: an extra FDD duplexer will be needed to guarantee enough isolation for the UL and SL RF chain.
Conclusions
In this contribution, we give discussion on remaining issue on FDM intra-band concurrent operation and the observations are shown as below：
Observation 1: The guard period should both cover the 2 time transient period and the TTA.
Proposal 1: To set guard period as 1/2/3 symbols for SCS 15/30/60kHz respectively.
Observation 2: The simultaneous TX/RX combination frequency separation can be starting point for non-adjacent FDM operation
Observation 3: an extra FDD duplexer will be needed to guarantee enough isolation for the UL and SL RF chain.
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