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1. Introduction
In RAN1#94 meeting, the topic of NR Uu to control LTE sidelink was discussed but no conclusion or agreement were reached. In contribution [1], it discussed about differences in assumptions and operation when LTE sidelink is controlled by NR Uu instead of LTE Uu, and identified some potential enhancements that could be introduced even though the target sidelink is still the legacy LTE.
In this contribution, we discuss about other aspects of operating an LTE sidelink when it is controlled by a NR Uu, such as their timing synchronisation and flexible slot format in NR Uu, as well as designing a single/common DCI format for the NR Uu to control either an LTE sidelink or a NR sidelink.
2. Discussion
2.1 Synchronisation between NR Uu and LTE sidelink
For the LTE sidelink (V2X) operation, it can be either on a licensed carrier or an unlicensed ITS carrier. When it is operating on a licensed carrier (using operator’s UL resources), it is generally assumed that it will be controlled and managed by the same LTE Uu interface in the DL. It is then perhaps safe to assume the only applicable scenario here for the LTE sidelink operation to be controlled by NR Uu is when the LTE sidelink is operating on an unlicensed ITS carrier. If the ITS carrier is in the 5.9GHz band, it will be also safe to assume that there could be Rel-14 LTE-V2X UEs operating on this carrier. Then in this case, the most likely sync source for legacy Rel-14 UEs is GNSS.
Now considering for a NR Uu to control an LTE sidelink operation from a UE’s perspective, it would be ideal that the NR Uu is sync’ed to GNSS as well, so that the radio frame boundaries and subframe/slot boundaries are all aligned. In such a case, the control scheduling received on the NR Uu can then immediately applied on the LTE sidelink. However, if NR Uu and LTE sidelink are not sync’ed and that the NR BS has no information about the frame or subframe boundaries of the LTE sidelink, the control and scheduling commands received from the NR BS can be at any point in time within an LTE subframe. In addition, the SCS on the NR Uu interface may be different to 15KHz and thus creating another issue of NR slot and LTE subframe boundaries are not aligned even if they are radio frame boundary aligned and SFN sync’ed. 
Proposal 1: Define a timing relationship rule when NR Uu is not synchronised with LTE sidelink on an unlicensed carrier or when the two interfaces have different SCS.
2.2 Flexible scheduling of LTE sidelink by NR Uu in time domain
In Rel-15 NR Uu, the slot format per slot can be semi-static or dynamic configured by network. It is possible that some slots of NR Uu can be configured as full Flexible or full UL. Then there is no DCI transmitted in these slots. If DCI is transmitted in slot n, and corresponding n+4 NR SL is scheduled, the NR SL slots which corresponding to full flexible or UL slots of NR Uu cannot be scheduled.
An illustration is shown in Figure 1. There are 8 slots shown for NR Uu and NR SL. Slots 0/6/7 are full DL slot, slot 2 is full UL, slot 3 is full flexible, slots 1/4/5 include DL, UL and flexible symbols. NR Uu slot 0 is used to schedule NR SL slot 4, NR Uu slot 1 is used to schedule NR SL slot 5, and so on. For slots 2 and 3, there is no DL symbols within the slot, and there is no DCI transmitted to schedule NR SL. Then it is reasonable to support flexible scheduling in NR-V2X. 
A similar mechanism has been introduced in LTE-V2X. In DCI format 5A, which is used to schedule LTE SL in LTE-V2X, a “SL index” field is introduced which is only present in TDD system considering that there is UL subframe in TDD system. This mechanism can be extended in NR-V2X considering more flexible slot format in NR Uu.
Proposal 2: Flexible scheduling of LTE sidelink by NR Uu in time domain should continue be supported.
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Figure 1: Illustration of NR Uu scheduling SL transmission.
2.3 Higher processing capability for NR capable UEs operating on LTE sidelink
In LTE-V2X, when LTE sidelink was controlled by LTE Uu or even just within LTE Uu (UL and DL) operation, there was a blanket assumption on UE processing capability that at least 4ms (= 4 LTE subframes) should be always be given to the UE for processing, data TB preparation and feedback reporting. As such, in LTE-V2X the subframe in which the UE receives the SL scheduling grant is always for resources that are n+4 subframes later. Now comes the era of 5G-NR, there is no more blanket assumption about NR-UE’s processing capability, which is now should be reported by the UE when it gets RRC connected. So that, the gNB can properly schedule DL, UL or feedback reports accordingly for each UE. But in general, NR-UEs now have much higher processing capability than LTE.
For the case of NR Uu to control LTE sidelink, it would be about a NR gNB scheduling a NR capable UE to operate/transmit messages on an LTE-V2X channel together with other Rel-14/15 UEs in the same pool. Normally, by sending an LTE Rel-15 DCI format 5A equivalent SL grant on the NR Uu would do the job. But since now NR UEs have higher processing capability, it is possible for the UE to transmit earlier than n+4 subframes later after receiving the SL grant. If the network gNB is able to schedule the UE to transmit earlier, more resources on the LTE sidelink the network gNB can select from. This thus will allow more V2X use cases with stringent latency requirement to be supported on LTE sidelink (more flexible operation), potentially achieving higher SL resource utilization, and allowing more flexible timing of sending SL scheduling grant on the NR Uu downlink. To enable this, in addition to the existing parameter fields in Rel-15 DCI format 5A, a Tx start timing indicator could be added to the new DCI format for NR Uu. The Tx start timing indicator of most 2 bits would be sufficient to indicate a Tx start timing of n+1, n+2, n+3 and n+4 (4 possibilities).
Proposal 3: For NR Uu to schedule a UE on LTE sidelink, a Tx start timing indicator can be added to the new DCI format (for NR Uu) to allow a NR capable UE to transmit earlier than n+4 subframe.
2.4 Single DCI format design for NR Uu to control LTE sidelink and NR sidelink
As indicated in the approved SID [1], a cross-RAT SL configuration, control and scheduling is desirable and useful for different deployment scenarios. For the case of there is only NR Uu coverage (no LTE) and a V2X UE needs to operate on both NR and LTE sidelinks, which is quite possible since Rel-16 V2X UEs will likely need to support and engage in multiple V2X services at the same time, the UE will need to monitor and blind decode for both NR and LTE sidelink grants at the same time on the NR Uu. This likely means two different DCI formats will need to be blindly monitored by the UE. To reduce this processing complexity, time and likely also power consumption, a single dynamic DCI format could be used. That is, based on a common parameter field in the new dynamic DCI (e.g. carrier index or BWP indicator), the UE will be able to determine the remaining parameter fields within the received DCI.
Proposal 4: A single DCI format that can be dynamically used for scheduling resources on either NR sidelink or LTE sidelink should be considered for NR Uu to reduce UE processing complexity, time and power consumption of blind decoding of different SL scheduling grants (DCIs).

3. Conclusion
In this contribution, we discussed about some aspects of operating an LTE sidelink when it is controlled by a NR Uu, such as their timing synchronisation and flexible slot format in NR Uu, as well as designing a single/common DCI format for the NR Uu to control either an LTE sidelink or a NR sidelink. In summary, we made the following proposals:

Proposal 1: Define a timing relationship rule when NR Uu is not synchronised with LTE sidelink on an unlicensed carrier or when the two interfaces have different SCS.
Proposal 2: Flexible scheduling of LTE sidelink by NR Uu in time domain should continue be supported.
Proposal 3: For NR Uu to schedule a UE on LTE sidelink, a Tx start timing indicator can be added to the new DCI format (for NR Uu) to allow a NR capable UE to transmit earlier than n+4 subframe.
Proposal 4: A single DCI format that can be dynamically used for scheduling resources on either NR sidelink or LTE sidelink should be considered for NR Uu to reduce UE processing complexity, time and power consumption of blind decoding of different SL scheduling grants (DCIs).
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