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1. Introduction
The completion of NR V2X study item [1] is expected to be approved in RAN #83, followed by a starting of normative work item, for which the time units are already allocated. Given the work load for work item and available TUs, concerns are raised against the relatively large WI scope. This paper shows our views on potential narrow-down of WI scoping. In addition, the paper discusses several issues left from working group studies in SI phase.    
2. V2X WI scope
It is commonly recognized that the NR V2X study item has a quite large scope. For example, the RAN1 study not only starts with the conventional and basic wireless communication elements, such as waveform, numerology, synchronization signals, control channel, data channel with HARQ support and etc., but also includes the features such as NR Uu controlling NR sidelink, cross-RAT Uu controlling sidelink (i.e., NR Uu controlling LTE sidelink and LTE Uu controlling NR sidelink) and in-device NR-LTE sidelink coexistence. The mixed coexistence of unicast, groupcast and broadcast from both network perspective and UE perspective makes the NR sidelink fundamentally fresh comparing to existing NR Uu link and LTE sidelink.  In order to cover such a large range of features and functionalities, RAN1 took extraordinarily big efforts throughout the study item phase. Table 1 shows the records of RAN1 contribution weights and the consumed RAN1 discussion time on V2X. It can be seen that 
· The number of V2X contributions stays on the top in RAN1 throughout the SI phase, comparing to other parallel SI/WI’s. 
· RAN1 runs about 26 hours in each recent meeting for V2X online/offline discussions, close to its full capacity per meeting week for a single SI/WI.        
	
	
	RAN1 #94
	RAN1 #94b
	RAN1 #95
	RAN1 AH1901
	RAN1 #96

	RAN1 
TDocs
	Total # of RAN1 TDocs
	~2050
	~2050
	~2310
	~1470
	~2280

	
	# of RAN1 TDocs on V2X
	208
	234
	240
	282
	282

	
	Compare to NR-U / URLLC
	190 / 134
	207 / 159
	232 / 227
	222 / 281
	231 / 262

	RAN1
Time
	V2X online time (TU)
	3
	3
	3
	5
	3

	
	V2X official offline time (hour)
	11
	8
	5
	16
	21

	
	V2X unofficial offline time
	Comparable to that of NR-U, which is shown in [2]
	N/A


[bookmark: _Ref3035127]Table 1 RAN1 contributions and discussion time on NR V2X SI
It should be noted that, according to the latest plenary rule in managing working group offline discussion, for a SI/WI with x TU in a meeting, the total offline discussion time should target no more than 4x hours. Given the V2X WI is currently allocated with 3 TU per meeting, it means the RAN1 normative work should assume no more than 12 hours for offline discussion per meeting, which makes the total time much less than what people observed in recent RAN1 meetings for V2X SI. 
Observation 1: Based on the current TU planning for V2X WI, the V2X WI is expected to have about 30% cut of RAN1 discussion time (online+offline) comparing to the V2X SI. 
On the other hand, even with all hard efforts during the SI, there are still quite some work that should have been completed or largely completed in SI but now are mainly left for WI phase. For example, 
· At least four RAN1 working assumptions remain un-confirmed, including PSCCH/PSSCH multiplexing, HARQ feedback (NACK-only vs. ACK/NACK) in groupcast, CSI reporting for unicast and synchronization priority table. 
· Numerous “FFS” points remain unsolved in both RAN1 and RAN2 meeting minutes. 
· RAN1 has no time to fully study and agree on the basic structure of physical layer control channel (PSCCH), i.e., whether the sidelink control information (SCI) should be transmitted in single stage or two stages, where the 2-stage SCI is brand new to 3GPP specifications since ever. 
· Some basic physical layer channel aspects, such as modulation, scrambling, RE mapping and rate matching are rarely discussed so far. The SI TR mentions almost nothing on these aspects. 
· The design of HARQ feedback channel, PSFCH, for which people has no reference from LTE V2X, is almost empty. RAN1 only has time to agree the PSFCH transmission involves with the last available symbol(s) in a slot. 
· RAN2 agreed to support simultaneous configuration of mode 1 and mode 2, which is supposed to have impact to RAN1 design philosophy but was never discussed in RAN1.  
· RAN2 decided to support the SL RLM/RLF declaration for AS level link management, which requires the RLM RS design determined by RAN1 and the SL RLM model determined by RAN4. But no corresponding discussion were taken in RAN1 and RAN4. 
· [bookmark: _GoBack]RAN2 has not yet determined the necessity of AS layer connection establishment procedure by PC5-RRC. The details of PC5-RRC based UE capability transfer and AS configuration procedure need to be discussed in WI phase.
· The mode 1 dynamic resource scheduling in CU-DU split scenario has been discussed in RAN3. How to support mode 1 configured grant and mode 2 in this scenario has not been decided. In addition, where the V2X SIB is located and how the V2X SIB is delivered via F1 interface is to be discussed in WI.
Observation 2: Even with notable achievements in SI phase, there are still quite some fundamental issues waiting in the V2X WI. The large TU and long discussion time in SI phase do not well handle the large scope of V2X SI. 
Based on the above facts, the feasible way to ensure the completion of V2X WI in time with high specification quality is to have a reasonable working scope, which should be much smaller than what people work with in the SI phase. We suggest the following to down-size the WI scope for V2X: 
· RAN1 does not support in Rel-16 multiple functionalities for the same feature target. For example, only option-3 is supported for PSCCH/PSSCH multiplexing, while other options discussed in SI are dropped from Rel-16.
· When supporting both resource allocation mode 1 and mode 2, only the basic or minimal required functionalities are supported in Rel-16. With the support to unicast/groupcast/broadcast and HARQ/OLPC, even the basic functionalities in resource allocation is expected to offer performance comparable to or even better than that of LTE sidelink. 
· To leave NR Uu enhancement (for V2X use cases) to other parallel NR WI (in case of feature overlapping) or to future release (e.g., when multicast/broadcast is supported on NR Uu interface). 
· The Rel-16 support of LTE Uu controlling NR sidelink is conditioned on no additional impact to physical layer specifications of both LTE V2X and NR V2X; this support is postponed to future release if the condition is not met. 
· To put support of in-device co-existence on low priority. If allowed by forward compatibility, the whole in-device coexistence can be left to implementation. 
· On LTE side, only the SI-agreed specification impacts to LTE V2X are allowed. 
3. Other issues
Single-stage SCI vs. 2-stage SCI
The 2-stage SCI was discussed in RAN1 with no consensus to support. The main motivations of using 2-stage SCI include:
· To reduce the complexity in SCI blind decoding. 
· To provide flexibility in supporting various SCI formats, including the aspects in forward compatibility. 
From our view, whether the above motivations can turn into true would depend on the distributions of SCI payload size. If the payload sizes for different SCI messages/formats can be roughly the same, the above motivations for 2-stage SCI could be somehow voided. Table 2 shows a tentative list of SCI fields for broadcast and unicast/groupcast. 
	SCI content for broadcast
	SCI contents for unicast/groupcast

	Time/frequency resource indication for PSSCH 

	Frequency hopping indicator;
Note: if hopping is defined, its knowledge is needed for sensing. 

	Reservation: SPS period or transmission interval for one-shot Tx

	Destination ID / Service type;  QoS/priority indicator
Note: Service type maybe contained inside Destination ID. 

	Source ID (derivable from higher layer ID)

	HARQ process ID,  NDI,  RV, MCS
Note: We think full HARQ support is beneficial for NR V2X broadcast. LTE V2X supports HARQ process with RV change hard-coded. 

	Antenna information (e.g., number of Tx ports)

	CRC

	-
	Additional MIMO information (if any, not seen very useful in Rel-16)

	-
	CSI-related information, if dynamic signaling is needed

	-
	CBG-related information, if CBG is supported


[bookmark: _Ref3035105]Table 2 Tentative SCI contents for broadcast and unicast/groupcast
It can be observed that, 
· The majority of information fields are shared between broadcast and unicast/groupcast. The additional information fields contained for unicast/groupcast but not for broadcast are limited with the total length likely shorter than the CRC length. 
· To add padding bits to keep SCI payload size transparent to cast type and SCI format does not necessarily result in large overhead. In such a case, the total blind detection complexity for single-stage SCI would be lower than that for 2-stage SCI. 
· As for the support of forward compatibility, there can be many ways other than relying on the 1st stage information in the 2-stage SCI structure. For example, LTE Uu control channel has numerous DCI formats as LTE release evolves but never relies on 2-stage DCI structure. 
It should be noted that RAN1 and RAN2 have not decided whether the unicast/groupcast/broadcast could share the same or have to use the separate resource pools, which may also impact the decision between single-stage SCI and 2-stage SCI. This also means the discussion of single-stage vs. 2-stage SCI should still be taken in RAN1. However, in case plenary wants to guard from the worst situation where RAN1 continuously fail to reach consensus, RAN should lean on a conservative approach by following the conventional style. 
Proposal: The normative discussion on single-stage SCI vs. 2-stage SCI should be taken in RAN1. In case RAN1 still cannot reach consensus in WI, the conventional control channel structure, i.e., single-stage control channel, is adopted. 
   
Relation between mode 1 and mode 2d
It is agreed in RAN1 #96 that
In the context of Mode-2(d), NR V2X supports the following functionality:
· A UE informs gNB about group members and gNB provides individual resource pool configuration and/or individual resource configuration through the same UE to each group member UE within the same group. It does not require connection between member UE and gNB
· The UE cannot modify the configuration provided by gNB
· Higher layer signaling is to be used to provide the configuration. No physical layer signaling is used
· FFS if one or both options are supported (i.e. resource pool configuration(s) or resource configuration)
· FFS which functionality defined as a part of Mode-2 is applicable for this feature
· This functionality is up to UE capability(ies)
Meanwhile, RAN2 #105 reached following agreement:
1-4: Indirect scheduling via another UE for Sidelink Mode 1 is not captured in NR V2X SI TR from RAN2 point of view.
The above RAN1 agreement mentions both “individual resource pool configuration” and “individual resource configuration”. The problem here goes to the 2nd one. It is our understanding that the “individual resource configuration through the same UE to each group member UE” in the RAN1 agreement and the “indirect scheduling [by gNB] via another UE” in the RAN2 agreement 1-4 refer to the same thing, which is however categorized into mode 1 by RAN2 while into mode 2 by RAN1. According to the definitions of two modes in TR38.885, which are copied below, the RAN2’s viewpoint seems to be accurate. In RAN1 agreement, the characteristics of “The UE cannot modify the configuration provided by gNB” does not entitle the “individual resource configuration” to belong to Mode 2. 
Mode 1: BS schedules SL resource(s) to be used by UE for SL transmission(s). See section 6.2.1.
Mode 2: UE determines, i.e. BS does not schedule, SL transmission resource(s) within SL resources configured by BS/network or pre-configured SL resources. See section 5.3.1.
In fact, RAN1 also recognized that the corresponding RAN1 discussion started with mode 2(d) motivation but resulted in a mechanism (only the “individual resource configuration” part) that can be hardly categorized into mode 2 but more suitable into mode 1. This is why RAN1 eventually used wording “In the context of Mode2(d)” instead of directly mentioning “In mode 2(d)”. However, this concept misalignment, if remaining unsolved, could cause potential trouble and unnecessary complexity in normative work, especially when the cooperation between RAN1 and RAN2 is involved. So it is suggested that RAN1 and RAN2 have a common understanding that “gNB provides individual resource configuration through one UE to another, where the one UE cannot change the configuration” is a mode-1 operation, instead of mode-2 operation.  
Proposal: RAN1 and RAN2 should have a common understanding that “gNB provides individual resource configuration through one UE to another, where the one UE cannot change the configuration” is a mode-1 operation, instead of mode-2 operation.
4. Conclusions 
The paper concludes with following observations and proposals:
Observation 1: Based on the current TU planning for V2X WI, the V2X WI is expected to have about 30% cut of RAN1 discussion time (online+offline) comparing to the V2X SI. 
Observation 2: Even with notable achievements in SI phase, there are still quite some fundamental issues waiting in the V2X WI. The large TU and long discussion time in SI phase do not well handle the large scope of V2X SI. 
Proposal 1: To consider following ways to down-size V2X WI scope. 
· RAN1 does not support in Rel-16 multiple functionalities for the same feature target. 
· When supporting both resource allocation mode 1 and mode 2, only the basic or minimal required functionalities are supported in Rel-16. 
· NR Uu enhancement (for V2X use cases) is left to other parallel NR WI (in case of feature overlapping) or to future release (e.g., when multicast/broadcast is supported on NR Uu interface). 
· The Rel-16 support of LTE Uu controlling NR sidelink is conditioned on no additional impact to physical layer specifications of both LTE V2X and NR V2X; this support is postponed to future release if the condition cannot be met.  
· Support of in-device co-existence is on low priority. If allowed by forward compatibility, the whole in-device coexistence can be left to implementation. 
· On LTE side, only the SI-agreed specification impacts to LTE V2X are allowed. 
Proposal 2: The normative discussion on single-stage SCI vs. 2-stage SCI should be taken in RAN1. In case RAN1 still cannot reach consensus in WI, the conventional control channel structure, i.e., single-stage control channel, is adopted. 
Proposal 3: RAN1 and RAN2 should have a common understanding that “gNB provides individual resource configuration through one UE to another, where the one UE cannot change the configuration” is a mode-1 operation, instead of mode-2 operation.
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