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1. Introduction
In the recently approved 5G V2X work item [1], the scope of supporting NR Uu to provide control of LTE sidelink includes both mode 4 and “mode 3-like” operations as per study item outcome. In addition, RAN1 is tasked to investigate whether DCI-based activation/release of RRC-configured SPS scheduling should be supported instead of RRC-based activation/release.

	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.



During RAN1#96 meeting, the new mode 3-like LTE sidelink operation was agreed as followed. It is understood this new operating mode was agreed in lieu of the existing mode 3 DCI-based activation/release mainly due to concern of signalling exchange from the UE-internal NR module to the LTE module over the proprietary interface may not be fast enough (within 4ms as per current LTE mode 3 behaviour). At the same time, there was some preference to align cross-RAT control in the same manner in both directions (i.e. using RRC-signalling configuration of SPS/configured grant resources without needing DCI activation/release).

	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 provide discussions and views on mechanisms to support NR Uu controlling LTE sidelink in both mode 4 and mode-3 like operations as per instruction in the WID [1].

2. Discussion
In the existing LTE sidelink when under LTE network control, resource pools for mode 3 operation are configured using dedicated RRC signalling and resource pools for mode 4 can be configured using either or both common and dedicated RRC signalling. To continue the support of LTE sidelink mode 4 operation following the same manner when under NR network control, a new NR-SIBx should be created for common RRC configuration of resource pools for RRC_IDLE UEs, as well as dedicated RRC configuration for RRC_CONNECTED UEs.

Proposal 1: In order to support existing LTE sidelink operations in mode 4 in a same manner when under NR Uu control, it is proposed that both common NR RRC (e.g. via a new NR-SIBx) and dedicated NR RRC signalling should be supported.

The supporting of LTE sidelink mode 3 operation under NR network (i.e. over NR Uu interface), RAN1 concluded in the last meeting not to support DCI-based activation/release of SPS scheduling. Instead, a new feature of RRC-based activation/release of SPS resources was introduced to align with the mechanism agreed for controlling NR sidelink by LTE Uu (i.e. via configuration of type 1 configured grant resources). Additionally, it was also unclear whether the signalling exchange from UE-internal NR module to the LTE module over the proprietary interface would be fast enough, within 4ms as currently specified for mode 3 operation, in order to support DCI-based activation/release of SPS scheduling. However, during RAN#83 meeting, concerns were raised regarding backward compatibility and performance of the new “mode 3-like” feature, where its operation cannot be controlled as dynamic as the existing mode 3 operation. And UE implementation of in-device LTE module needs to be based on the latest Rel-16 specifications, as earlier releases (Rel-14/15) would not support this new feature. Thus, limiting flexibility of implementation choice. As such, RAN#83 tasked RAN1 to reinvestigate the operation of both RRC-based and DCI-based activation/release of SPS scheduling, and make a decision of which option to support according to the approved WID [1].

To recap the operation of DCI-based activation/release of RRC configured SPS resources, as currently supported in LTE mode 3 operation, the following steps are required:
· BS configures periodically occurring SPS resources using dedicated RRC signalling.
· BS sends / UE monitors and receives SPS activation command via DCI over the Uu interface in the DL (e.g. DCI format 5A), indicating a SPS process ID#.
· The UE uses the activates SPS resources for transmitting its V2X messages.
· To release the SPS process, the BS sends / UE monitors and receives the same DCI command over the Uu interface in the DL indicating an already activated SPS process ID#.
· The UE stops sending V2X messages on the released SPS process, and the BS can flexibly reuse these resources for other purposes.

To mimic the above same functionalities using RRC-based signalling mechanism, as in the agreed new mode 3-like feature, the following steps are stipulated:
· BS configures periodically occurring SPS resources using dedicated RRC signalling. To reduce latency of the initial activation, the RRC message (i.e. SPS grant configuration) includes also mode 3 grant content and activation timing.
· The UE uses the activates SPS resources for transmitting its V2X messages.
· To release the SPS resources, the BS delivers another RRC message using dedicated RRC signalling to the UE.
· The UE stops sending V2X messages on the released SPS process, and the BS can flexibly reuse these resources for other purposes.

Observing from the above steps, it seems the DCI-based activation would involve an additional step to activate the configured SPS resources compared to the RRC-based method, but on the other hand, the RRC-based SPS resources release would incur additional time from using dedicated RRC signalling. Overall, we compile the following pros and cons of using DCI-based and RRC-based activation/release methods.

DCI-based activation / release

	Pros
	Cons

	* Dynamic / fast SPS re-activation and release (1ms or less to decode DCI on NR Uu, depending on SCS) ==> leads to better performance than RRC-based
	* Design of DCI format to control LTE V2X over NR Uu
(e.g. a single combined DCI format to control both NR and LTE V2X)
==> leads to more standards effort and discussion time in RAN1

	* Backward compatible to legacy R14/15 mode 3 operation, allowing flexibility in UE implementation choice
(a cut-down version of mode 3 dynamic DCI not scheduling one shot transmission)
	 

	* Control channel (PDCCH) error rate is lower than PDSCH (more reliable)
	 




RRC-based activation / release

	Pros
	Cons

	* SPS initial activation at the same time as SPS configuration
(skip DCI signalling, but latency saving of 1ms only)
	* Significant specification impacts in RAN1 and RAN2
==> leads to more standards effort and discussion time in RAN2, and also RAN1 spec editor's drafting for the new feature

	* No new DCI format on NR Uu to activate/release SPS on LTE V2X, no more RAN1 discussions needed
	* Retransmissions of PDSCH containing RRC configurations leads to delay in re-activation and release of SPS resources
(total retransmissions may take upto 10's of ms, and the shortest latency requirement in LTE-V2X is 20ms)

	* Alignment of cross-RAT control in both directions (both RRC-based)
	 




Note that, for the DCI-based method, the existing 4ms reception of activation/release command in mode 3 should be counted from the DCI signalling input timing at the LTE module (port B in Figure 1), to account for UE processing time needed for the LTE module to react and encode message TBs for transmission. And therefore, there would be no impact to the existing mode 3 operation of SPS activation and release.

Proposal 2: It is proposed to use the above pros and cons analysis of DCI-based and RRC-based activation/release as the basis to decide which option to adopt.
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Figure 1: Signalling flow from gNB to NR module in a UE passing the signalling content to the LTE module.
In Figure 1, a diagram showing signalling flow from gNB to NR module in a UE via NR Uu interface (1-3 symbols for PDCCH CORESET for DCI-based and up to 10’s of ms for RRC-based message), passing the signalling content from the NR module to a UE internal LTE module via a proprietary interface (X ms), then a 4ms assumption of UE processing time for preparing and encoding LTE message TB for transmission. This signalling flow would be the same for both DCI-based and RRC-based activation/release. However, their time taken to complete the whole process could be different as discussed previously. But in order for the gNB to schedule resources for a UE or determine an appropriate timing for SPS resource start time, the gNB should know about the duration of this X ms. Therefore, it is proposed UE should provide such information as part of capability signalling to the gNB of minimum timeframe needed to exchange signalling from UE internal one RAT module to another RAT module, similar to UE reporting of K1 and K2 values for HARQ reporting and PUSCH preparation capabilities, respectively.
Proposal 3: Capability reporting to NR gNB of minimum timeframe needed (e.g. X ms) for signalling exchange from UE-internal NR module to the LTE module as part of UE capability signalling should be supported.
3. Conclusion
In this contribution, we discussed and provided our views on mechanisms to support NR Uu controlling LTE sidelink in both mode 4 and mode-3 like operations. In summary, we made the following proposals:

Proposal 1: In order to support existing LTE sidelink operations in mode 4 in a same manner when under NR Uu control, it is proposed that both common NR RRC (e.g. via a new NR-SIBx) and dedicated NR RRC signalling should be supported.

Proposal 2: It is proposed to use the above pros and cons analysis of DCI-based and RRC-based activation/release as the basis to decide which option to adopt.
Proposal 3: Capability reporting to NR gNB of minimum timeframe needed (e.g. x ms) for signalling exchange from UE-internal NR module to the LTE module as part of UE capability signalling should be supported.
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