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1 Introduction
[bookmark: _Hlk505938201]In the RAN1 #94bis and RAN1#95 meetings, the following agreements are made towards Uu-based sidelink resource allocation/configuration:
Agreements:
It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications
FFS details
Further study impact and benefits of LTE Uu managing NR mode-1 SL communications
Agreements:
It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications
From RAN1 perspective, signalling should be similar to LTE in terms of UE-specific or cell-specific
Signalling details up to RAN2
Further study feasibility, benefits (others than ones already identified for LTE) and impact of NR Uu managing LTE mode-3 SL communications. 
Agreements:
· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:
· What will be required on the UE side to support such feature 
· DCI design (e.g., whether DCI 5A can be reused)
· Deployment scenarios where it is beneficial
Agreements:
· NR supports UE reporting over Uu of sidelink traffic-related information. 
· FFS contents.
In this contribution, we will further discuss Uu-based sidelink resource allocation/configuration.
2 Deployment scenarios of cross-RAT scheduling
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. Therefore, there is no need to have more discussion on the benefit of Uu-scheduled sidelink transmission. In this section, we only discuss the scenarios and benefit of cross-RAT scheduling of sidelink, i.e. NR Uu scheduling of LTE sidelink mode-3 and LTE Uu scheduling of NR sidelink mode-1.
Considering the four different interfaces, i.e. LTE sidelink, LTE Uu, NR sidelink, NR Uu, all the possible combinations are listed in table 1. Where ● denotes the related interface is available, and x denotes the related interface is unavailable. Where unavailable may be caused by out-of-coverage or lack of module in UE.
Table 1 possible interface combinations
	Combination
	LTE sidelink
	LTE Uu
	NR sidelink
	NR Uu

	#1
	●
	x
	x
	x

	#2
	●
	●
	x
	x

	#3
	●
	●
	●
	x

	#4
	●
	●
	●
	●

	#5
	●
	x
	●
	x

	#6
	●
	x
	●
	●

	#7
	●
	x
	x
	●

	#8
	●
	●
	x
	●

	#9
	x
	x
	●
	x

	#10
	x
	x
	●
	●

	#11
	x
	●
	●
	x

	#12
	x
	●
	●
	●


Based on the table 1, it is observed that in scenarios of combination #6 & #7, it’s necessary to support NR Uu scheduling of LTE sidelink mode 3, because LTE-Uu is unavailable. The reason of lack of LTE-Uu could be UE is out of LTE-Uu coverage or UE is lack of LTE-Uu module. That will be possible, because LTE network will upgrade to NR network, and LTE coverage will be smaller and smaller, 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 continually and seamlessly, it’s necessary to support NR Uu controlling LTE sidelink mode 3.
The following benefits of NR Uu scheduling of LTE sidelink mode 3 are also expected even in scenarios where LTE Uu is available, i.e. combination #4 & #8.
· LTE sidelink mode 3 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 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.
Based on the table 1, it is also observed that in scenarios of combination #3 & #11, it’s necessary to support LTE Uu scheduling of NR sidelink mode 1, because NR-Uu is unavailable. The scenario is possible in the early stage of NR deployment when the coverage of NR network is limited. 
Proposal 1: It’s necessary to support NR Uu scheduling of LTE sidelink mode 3 and LTE Uu scheduling of NR sidelink mode 1.
3 Issues in NR Uu scheduling of NR or LTE sidelink 
For NR Uu scheduling NR or LTE sidelink, at least the following issues should be considered. In fact, most of the issues have been discussed in LTE-V2X mode 3.

Issue 1: Scheduled by TDD Uu carrier:
TDD is quite common in NR-Uu deployment, therefore this issue should be considered in NR Uu scheduling of NR or LTE sidelink. 
This issue was discussed in [2][3]. As shown in Figure 1, the subframes with question mark could not be scheduled by TDD carrier is a fix timing difference is defined between sidelink grant and sidelink transmission. Therefore, it is agreed in Rel-14 that 
· If the DCI for SL SPS or dynamic scheduling is transmitted in subframe n and the offset value (in two-bit field) is set to m, the time location of initial transmission is the first subframe included in the resource pool that occurs at or after subframe n+4+m.
· Offset value is one of {0, 1, 2, 3}.
· Applicable to both SL SPS and dynamic scheduling.
· Subframe n can be any of DL subframes or special subframes in TDD Uu carrier.
 


[bookmark: _Ref465840040]Figure 1. Illustration of TDD Uu carrier scheduling of dedicated SL carrier
In NR-Uu, K0/K2 are introduced to indicate the timing difference between scheduled PDSCH/PUSCH and PDCCH. This mechanism could be easily extended to NR-Uu scheduling sidelink to solve above issue.

Issue 2: Time ambiguity between Uu and sidelink:
This issue was raised in [4] in Rel-14. Considering the example in Figure 2, 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.
[image: ]
[bookmark: _Ref477959567]Figure 2. Scheduling of PC5 transmission with time ambiguity
  The above issue also happens in NR Uu scheduling NR or LTE sidelink. The above design principle in LTE sidelink mode 3 could be reused. 
Issue 3: 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 NR or LTE sidelink, DCI format size could be aligned among NR sidelink grant, LTE sidelink grant and fallback DCI. 
Issue 4: Different numerology between sidelink carrier and Uu carrier:
Since NR Uu/sidelink 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, in case of NR Uu scheduling NR sidelink, it is possible that the SCS of NR Uu is 30KHz, but the SCS of NR sidelink is 60KHz. in case of NR Uu scheduling LTE sidelink, it is possible that the SCS of NR Uu is larger than 15KHz, but the SCS of LTE sidelink is 15KHz. Therefore, NR Uu needs to cross-carrier schedule NR/LTE sidelink resource with different numerologies. This issue will impact on UE processing timeline, time difference between SL grant and SL transmission, number of BD/CE on scheduling carrier. These issues have been widely discussed for NR PDCCH design in Rel-15 and are continually discussed in Rel-16. Unfortunately, there is on consensus on cross carrier scheduling with different numerologies in Rel-15. However, in NR Uu scheduling of NR or LTE sidelink, this case is more important, therefore, it should be supported.

For NR Uu scheduling LTE sidelink, all the above issues should be considered. Considering that LTE sidelink’s numerology/frame structure is a sub-case of NR sidelink’s, the specification impact of NR Uu scheduling LTE sidelink is quite similar with that of NR Uu scheduling NR sidelink. 
Observation 1: Specification impact of NR Uu scheduling LTE sidelink is quite similar with that of NR Uu scheduling NR sidelink.
Proposal 2: For NR Uu scheduling of NR or LTE sidelink, the following issues should be considered:
· Scheduled by TDD Uu carrier
· Time ambiguity between Uu and sidelink
· DCI format size alignment
· Different numerology between sidelink carrier and Uu carrier

4 Sidelink CSI measurements and reporting for NR sidelink mode 1
Basically, NR sidelink mode 1 resource allocation is in control of gNB and hence it would be more efficient if the reported information is detailed and reliable enough. In LTE mode 3, UE could report its zone information and congestion level of the resource pool to eNB and eNB delivers control information (DCI format 5A) to schedule sidelink transmission resource for V2X dynamically or semi-persistently. Therefore, NR should also support UE reporting over Uu of zone information and congestion level of the resource pool to eNB and eNB.

However, some advanced use cases are defined in NR V2X such as vehicles platooning, extended sensors, advanced driving and remote driving which may require stricter and higher requirements towards latency, reliability, spectral efficiency. Therefore, enhanced UE sidelink measurements and reporting need to be studied to assist gNB scheduling and thus the advantages of mode 1 can be maximized. In RAN1 #94bis meeting, it is agreed that RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter:
Information representing the channel between the transmitter and receiver
Information representing the interference at receiver
Examples for this information are
CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
As a starting point, mode 1 could also take the above sidelink CSI as a reference to do scheduling. Which and how sidelink CSI is measured could be aligned with mode 2 for simplication, such as aligned with assistant information in mode 2(b) discussed in our companionate contribution [5], i.e. sidelink CSI could be at least index/RSRP/RSSI/CR/CBR of the recommended sidelink resources from UE perspective. How to report to gNB could be FFS
Proposal 3: Sidelink CSI measurements and reporting for sidelink resource allocation mode 1 need to be supported to assist gNB scheduling, where sidelink CSI could be at least index/RSRP/RSSI/CR/CBR of the recommended sidelink resources from UE perspective.

5 Conclusion
In this contribution, we discussed Uu-based sidelink resource allocation/configuration, the following observations and proposals are made:
Proposal 1: It’s necessary to support NR Uu scheduling of LTE sidelink mode 3 and LTE Uu scheduling of NR sidelink mode 1.
Observation 1: Specification impact of NR Uu scheduling LTE sidelink is quite similar with that of NR Uu scheduling NR sidelink.
Proposal 2: For NR Uu scheduling of NR or LTE sidelink, the following issues should be considered:
· Scheduled by TDD Uu carrier
· Time ambiguity between Uu and sidelink
· DCI format size alignment
· Different numerology between sidelink carrier and Uu carrier
Proposal 3: Sidelink CSI measurements and reporting for sidelink resource allocation mode 1 need to be supported to assist gNB scheduling, where sidelink CSI could be at least index/RSRP/RSSI/CR/CBR of the recommended sidelink resources from UE perspective.
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