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1 Introduction
[bookmark: _Hlk505938201]According to WID in RP-190766, the following objective is approved:
2. Specify support for NR Uu to provide control for LTE sidelink 
· Sidelink mode 4 as per the study outcome [RAN2, RAN1]; and
· Sidelink mode 3-like RRC-configured SPS scheduling with either RRC-based activation/deactivation as per the study outcome or DCI-based activation/deactivation [RAN1, RAN2].
· RAN1 to make a decision on which option is supported until RAN#84.
In the RAN1 #96 meeting, the following agreements are achieved on NR Uu controlling LTE sidelink: 
Agreements:
· Scheduling by gNB using RRC for LTE sidelink scheduled mode is supported from RAN1 perspective under the premise that there is sufficient time for coordination between the NR and LTE modules. No DCI to activate/release
· RRC message delivers the SPS grant configuration and releases the SPS configuration. 
· Support of this scheduling mode is subject to UE capability (may or may not have capability for both LTE & NR)
· Note: some specification LTE change is needed to support the reception of a grant through RRC
· RRC message contains mode 3 grant content and timing
· Up to the Editor to capture it as mode 3 or new LTE sidelink mode
· No intention to have additional NR & LTE specification change (other than those described above) for this function in Rel-16
· RAN1 studied the feasibility of SPS scheduling by gNB for LTE sidelink with DCI activation/release, but there is no consensus to support it.
In this contribution, we will discuss support of NR Uu controlling LTE sidelink by mode 3-like RRC-configured SPS scheduling with either RRC-based activation/deactivation or DCI-based activation/deactivation.

2 Motivation of NR Uu controlling LTE sidelink
The benefit of LTE sidelink mode 3 has been discussed a lot, and some performance comparison between LTE-V2X mode 3 and mode 4 is shown in Figure 3.1 in NGMN’s V2X White Paper [1]. LTE-V2X mode 3 shows some gains compared to LTE-V2X mode 4 in scenarios where vehicles are exposed to high interference power from nearby UEs transmitting at the same time. 
However, LTE network will upgrade to NR network, while LTE sidelink will exist for a long term to support basic safety service. Therefore, to make sure that LTE sidelink mode 3 could be used efficiently, continually and seamlessly, it’s necessary to support NR Uu controlling LTE sidelink mode 3 or mode 3-like. That is definitely important for operators to keep the promise to LTE-V2X customers. 
The following benefits of NR Uu scheduling of LTE sidelink mode 3/mode 3-like are also expected even in scenarios where LTE Uu is available.
· LTE sidelink mode 3/mode 3-like has no necessary to work in LTE-NR DC mode on Uu interface and could be only controlled by NR-Uu, when UE has both LTE sidelink mode 3/mode 3-like and NR Uu /NR sidelink mode 1. That may simplify mobility management and balance LTE control signalling load.
· Managing interference between LTE PC5 and NR PC5 if exist, since NR Uu can schedule both NR sidelink and LTE sidelink.
According to the motivations discussed above, it is necessary to provide the same or competitive performance as LTE Uu scheduling LTE sidelink mode 3 when NR Uu controls LTE sidelink.
Observation 1: When NR Uu schedules LTE sidelink, it is necessary to provide the same or competitive performance as LTE Uu scheduling LTE sidelink mode 3

3 Discussion on sidelink mode 3-like RRC-configured SPS scheduling
In the WID, two options of activating/deactivating sidelink mode 3-like RRC-configured SPS scheduling are listed:
· RRC-based activation/deactivation
· DCI-based activation/deactivation
If sidelink mode 3-like RRC-configured SPS scheduling is activated/deactivated by RRC signalling, the following issues will exist:
· Ambiguous timing of activation/deactivation 
RRC configuration/reconfiguration has no clear timing reference point, the possible timing reference point could be time of receiving PDSCH, time of feeding back HARQ-ACK, time of receiving HARQ-ACK by gNB. Any of above time reference point may cause ambiguous issue. Therefore, it is hard to implement that RRC message contains mode 3 grant content and timing as noted in the agreements of the last RAN1 meeting. Furthermore, even if MAC CE-based activation/deactivation is considered, the issue of ambiguous timing also occurs because MAC CE may be retransmitted or not.
· Waste of sidelink resoures 
To avoid the issue of ambiguous timing of RRC-based activation/deactivation, the mechanism of NR Uu configured grant type 1 could be used for scheduling LTE sidelink, which means that the sidelink timing is determined by absolute timing of sidelink without referring to the time of RRC-based activation/deactivation. However, sidelink resources may be not efficiently used in the ambiguous period after RRC configuration/reconfiguration. That will reduce utilization efficiency of sidelink resource. 
· Longer latency of V2V service 
RRC-based activation/deactivation also causes longer scheduling latency comparing with DCI-based activation/deactivation, because extra PDSCH transmission/demodulation time is needed and ambiguous period should be avoided. 
· Waste of NR Uu resoures 
Considering that RRC-based activation/deactivation needs extra PDSCH transmission and corresponding HARQ-ACK feedback, more downlink and uplink resources are needed compared with DCI-based activation/deactivation.
According to the discussed issues above, it is observed that RRC-based activation/deactivation will cause that NR Uu scheduling LTE sidelink is not efficient comparing with LTE Uu scheduling LTE sidelink. 
Proposal 1: DCI-based activation/deactivation should be support for sidelink mode 3-like RRC-configured SPS scheduling.

4 Specification issues of DCI-based activation/deactivation
For DCI-based activation/deactivation of NR Uu scheduling LTE sidelink, at least the following issues should be considered in the specification. 

Issue 1: DCI format size alignment:
To reduce blind decode complexity, DCI format size of sidelink grant could be aligned with other existing DCI format. In LTE-V2X mode 3, the general principle is aligning size of DCI format 5A with format 0 if they are defined on the same search space. Furthermore, the size of DCI format 5A scrambled by SL-V-RNTI and SL-SPS-V-RNTI should also be aligned if they are defined on the same search space. The related specifications are summarized as follows:
· A UE is not expected to receive DCI format 5A with size larger than DCI format 0 in the same search space that DCI format 0 is defined on. [36.213, section 14.2]
· If the number of information bits in format 5A mapped onto a given search space is less than the payload size of format 0 mapped onto the same search space, zeros shall be appended to format 5A until the payload size equals that of format 0 including any padding bits appended to format 0. [36.212, section 5.3.3.1.9A]
· If the format 5A CRC is scrambled by SL-V-RNTI and if the number of information bits in format 5A mapped onto a given search space is less than the payload size of format 5A with CRC scrambled by SL-SPS-V-RNTI mapped onto the same search space and format 0 is not defined on the same search space, zeros shall be appended to format 5A until the payload size equals that of format 5A with CRC scrambled by SL-SPS-V-RNTI. [36.212, section 5.3.3.1.9A]
In NR Uu scheduling LTE sidelink, NR DCI format size could be aligned among NR sidelink grant, LTE sidelink grant and NR Uu fallback DCI. 
Issue 2: Different numerology between sidelink carrier and Uu carrier:
Since NR Uu supports different numerologies and LTE sidelink numerology is a sub-case of NR sidelink numerology, the issue of crossing carrier scheduling with different numerologies also needs to be considered. For example, it is possible that the SCS of NR Uu is 30KHz, but the SCS of LTE sidelink is 15KHz. This issue only impacts on timing between SL grant and SL transmission. Therefore, this issue could be considered together with the issue of time ambiguity between Uu and sidelink.
The issue of time ambiguity between Uu and sidelink was already raised in [2] in Rel-14. Considering the example in Figure 1, if there is no clear definition of the boundary of receiving sidelink grant on Uu, time ambiguity may happen on sidelink and cause unexpected collision. Consequently, it is agreed that LTE sidelink mode 3 transmission takes place on the first valid sidelink subframe after the start of subframe n+4+m on the Uu carrier based on transmitter timing.
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[bookmark: _Ref477959567]Figure 1. Scheduling of PC5 transmission with time ambiguity
The above issue also happens in NR Uu scheduling LTE sidelink. The above design principle in LTE sidelink mode 3 could be reused if define a clear timing reference point of DCI-based activation/deactivation considering that SCS of the PDCCH may be equal or larger than 15kHz. 
Observation 2: Specification impact of DCI-based activation/deactivation is quite small.
Proposal 2: For supporting sidelink mode 3-like RRC-configured SPS scheduling with DCI-based activation/deactivation, 
· DCI format size could be aligned among NR sidelink grant, LTE sidelink activation/deactivation and NR Uu fallback DCI.
· a clear timing reference point of DCI-based activation/deactivation should be defined considering that SCS of the PDCCH may be equal or larger than 15kHz.

In fact, if DCI-based activation/deactivation is supported, no extra issues is observed when NR Uu dynamically schedules LTE sidelink. 
Observation 3: It would be easy to support NR Uu dynamically scheduling LTE sidelink if DCI-based activation/deactivation is supported.

5 Conclusion
In this contribution, we discussed support of NR Uu controlling LTE sidelink by mode 3-like RRC-configured SPS scheduling, the following observations and proposals are made:
Observation 1: When NR Uu schedules LTE sidelink, it is necessary to provide the same or competitive performance as LTE Uu scheduling LTE sidelink mode 3
Proposal 1: DCI-based activation/deactivation should be support for sidelink mode 3-like RRC-configured SPS scheduling.
Observation 2: Specification impact of DCI-based activation/deactivation is quite small.
[bookmark: _GoBack]Proposal 2: For supporting sidelink mode 3-like RRC-configured SPS scheduling with DCI-based activation/deactivation, 
· DCI format size could be aligned among NR sidelink grant, LTE sidelink activation/deactivation and NR Uu fallback DCI.
· a clear timing reference point of DCI-based activation/deactivation should be defined considering that SCS of the PDCCH may be equal or larger than 15kHz.
Observation 3: It would be easy to support NR Uu dynamically scheduling LTE sidelink if DCI-based activation/deactivation is supported.
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