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Introduction
[bookmark: _Hlk510705081]In the last meeting RAN1 received LS [1] from RAN4 on synchronous operation between Uu and SL. In the LS it is said that one of the enhancements discussed in RAN4 for Rel-17 is the use of SL and Uu in the same licensed frequency band. RAN4 notes that the current Rel-16 agreement to use DL timing for SL transmissions when network based time is selected, may not be the best option due to interference between SL and Uu. The two options considered in RAN4 according to the LS are:
Option 1: To follow the Rel-16 agreement to align SL transmission timing with DL timing.
Option 2: To reconsider SL transmission timing to align with UL timing to mitigate the interference between Uu and SL, i.e.
· For sidelink transmissions, 
· SL transmission timing is aligned with Uplink timing when Uu and sidelink is TDMed/FDMed coexistence in the same band, including TDM coexistence within the same carrier or different carriers. 
Otherwise, SL transmission timing is aligned with Downlink timing.
RAN4 would like to know if option 2 is feasible from RAN1 point of view. In this contribution we provide our view related to the timing of SL in the licensed frequency bands.
Discussions 
In the RAN1#101-e meeting the following agreement was made:
Agreements:
· For sidelink transmission, when gNB/eNB is used as the synchronization reference, the timing determination mechanism in LTE V2X is reused in NR V2X, i.e. DL timing is used.
· Send an LS to RAN4 asking for feedback, if any

DL timing was selected because it can be used by all the UEs that can receive DL from gNB/eNB but uplink timing i.e. timing advance applied to the DL timing is only available for UEs in the RRC_CONNECTED state. 
In the Rel-17 sidelink enhancements WID [3] one of the objectives for RAN4 is:
4. Support of new sidelink frequency bands for single-carrier operations [RAN4]
· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
In the LS RAN1 is asked to consider TDM coexistence of SL and Uu within the same carrier and different carriers in the same band. If SL and Uu transmissions take place in the different carriers of the same band, overlap of SL and Uu transmissions in time domain should be avoided so that SL UE does not transmit when nearby UE in the adjacent carrier is receiving DL. Also, overlap should be avoided so that a UE can switch from SL to UL transmissions in consecutive slots. The use of uplink timing would solve this problem but if the UE is RRC_IDLE state it may not have valid timing advance. If DL timing is used then the number of symbols in the SL slot need to be reduced and the reduction depends on TA value and SCS or symbol length of SL transmissions as discussed e.g. in [2]. This obviously degrades the performance of SL transmissions.
Observation 1: When Uu and SL are in the different carriers of the same band and DL timing is used, configurable  number of guard symbols in the SL slot needs to be supported.

If SL and Uu are in the same carrier and SL uses DL timing, the situation is analogous to RACH transmission. RACH is transmitted in the UL resources without valid timing advance. The interference mitigation between RACH and other UL transmissions is based on three methods. Configurable guard period is used at the end of the RACH transmission. As discussed in the last meeting the number of PSSCH symbols in a slot is configurable so also in SL guard period length can be adjusted. However, the length of S-SS/PSBCH block is currently defined so that only the last symbol of the slot is used as a guard period. Gap length of one symbol may not always be enough so some method to handle overlap between UL and S-SS/PSBCH block should be considered. The second issue is that there are some unused subcarriers between RACH and UL. These kind of guard resources in frequency domain should also be considered between SL and UL. The third issue is power control. The open loop PC of SL transmissions take into account the pathloss to gNB so operation is similar to RACH PC. From gNB perspective all the SL transmissions are interference so parameters that result in relatively low Tx power for SL transmissions should be assumed.
Observation 2: When SL and Uu are in the same carrier and DL timing is used, configurable number of guard symbols in a SL slot, empty subcarriers between SL and UL and proper power control parameter settings are needed to mitigate the interference between SL and UL. 

The problems related to interference between SL and UL transmissions in the same carrier can be avoided if UL timing is used. The problem with UL timing is that some of the UEs may be in RRC_idle state and only be aware of DL timing. In the shared carrier, mode 1 operation would typically be used. The UE that transmits SL is then in the RRC_connected state and receives SL scheduling information from gNB. The intended SL Rx UE may be in the RRC_idle state. The UL timing is then available for SL TX UEs and the UL timing should be forwarded to RRC_idle UEs to enable SL communications in this scenario. Changes to the SL synchronization procedure would be needed to support this kind of forwarding of UL timing. If SL is used only between UEs that are in the RRC_connected state, then the changes to the specifications are probably very small. 
Observation 3: If UL timing is used for SL transmissions, changes to the SL synchronization procedure may be needed. 

RAN1 has already concluded that DL timing should be used for SL when eNB/gNB is the synchronization source because UL timing may not be available for all the UEs interested in SL transmissions. On the other hand the use DL timing for SL in the shared carrier should only be used if the number of SL symbols in a slot can reduced so that overlap between SL slot and Uu slot is avoided. In addition, some unused subcarriers should be placed between UL and SL transmissions to prevent interference in frequency domain. This seems rather inefficient usage of resources and results in several scheduling restrictions to gNB if the guard resources between SL and UL are implemented with the methods that are currently supported by the specifications. An alternative could be to use SL in the shared carrier only with RRC_CONNECTED UEs and use UL timing for SL in this case, or add support of UL timing to the SL synchronization procedure so that UL timing can be used also by UEs in the RRC_idle state. 
Proposal: RAN1 considers the use of uplink timing for SL at least in the case when SL and Uu are in the same carrier.

Conclusion
In this contribution we have discussed SL timing in the licensed band operation. RAN4 is asking if UL timing could be used instead of DL timing when eNB/gNB is the synchronization source for SL transmissions. We made the following observations and proposal that should be taken into account when drafting reply to RAN4 LS:
Observation 1: When Uu and SL are in the different carriers of the same band and DL timing is used, configurable  number of guard symbols in the SL slot needs to be supported.
Observation 2: When SL and Uu are in the same carrier and DL timing is used, configurable number of guard symbols in a SL slot, empty subcarriers between SL and UL and proper power control parameter settings are needed to mitigate the interference between SL and UL. 
Observation 3: If UL timing is used for SL transmissions, changes to the SL synchronization procedure may be needed. 
Proposal: RAN1 considers the use of uplink timing for SL at least in the case when SL and Uu are in the same carrier.
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