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Introduction
The following agreements were made in RAN1#95 for multiple active UL configured grants [1].
	Agreements:
· DCI is used to identify the type-2 UL configured grant to be activated or released. 
· FFS Single DCI for multiple type-2 UL configured grants.
Agreement:
· From RAN1 perspective, NR UE reporting on Uu that include at least traffic periodicity, timing offset, and message size is beneficial at least for the purpose of managing multiple UL configured grants.



In this contribution we share our views on NR Uu feasibility, multiple uplink configured grant activation/release, and Uu multicast/broadcast.
Discussion
Feasibility of NR Uu
Some of the V2X use cases with stringent potential requirements are listed in Table 1 [2]. Remote driving use case is studied in eURLLC SI.
Table 1: Some NR V2X use cases with stringent potential requirements.
	Use case group
	Use case
	Potential requirements

	Platooning
	Automated cooperative driving for short distance grouping (sect. 5.5)
	1200 bytes payload, 10 ms e2e latency, 99.99% reliability, 80m communication range

	
	Information sharing for high/full automated platooning (sect. 5.13)
	[50] Mbps per link for cooperative perception. [15] Mbps per link for cooperative manoeuvre, [20] ms e2e latency, [5] sec * (maximum relative speed [m/s]) communication range

	Advanced driving
	Cooperative collision avoidance (CoCA) of connected automated vehicles (sect. 5.9)
	10 Mbps throughput, 2000 bytes payload, 10 ms e2e latency, 99.99% reliability

	
	Emergency trajectory alignment (sect. 5.20)
	30 Mbps throughput, 90K bytes payload, 3 ms e2e latency, 99.999% reliability

	
	Cooperative lane change (CLC) of automated vehicles (sect. 5.23)
	12K bytes payload, 10 ms e2e latency, 99.99% reliability

	Extended sensors
	Collective perception of environment (sect. 5.6)
	50 Mbps throughput, 1600 bytes payload, 3 ms e2e latency, 99.999% reliability

	
	Video data sharing for assisted and improved automated driving (VaD) (sect. 5.16)
	100-700 Mbps throughput, 10 ms e2e latency, 99.99% reliability

	Remote driving
	 Studied in eURLLC SI
	



Use cases in Table 1 have low-latency, high reliability, and/or high throughput requirements. Some of the use cases may need to be targeted for Uu enhancements in addition to sidelink enhancements. It is important to identify these use cases to study Uu feasibility. The major scenarios for Uu is remote driving. For instance, some use cases under advanced driving and extended sensors support relatively longer communication range (i.e., up to 1000 m) while other use cases for platooning require shorter distance communication. It is reasonable to expect small or no Uu involvement for use cases with short communication range. On the other hand, use cases that support longer communication range can as well take advantage of Uu interface. Another factor that can be studied is the strict requirements for high reliability and throughput as network-controlled resource assignment decisions through Uu can offer better resource utilization. For such use cases, the same performance achievable in sidelink can also be targeted through Uu interface.
Proposal 1: Identify use cases that may require Uu enhancements.
As the requirements for these use cases include low latency and high reliability, repetitive work can be avoided if eURLLC SI studies NR Uu feasibility for these identified use cases. 
Proposal 2: eURLLC SI can study NR Uu feasibility for the candidate use cases for Uu enhancements.

Multiple uplink CGs
Layer-1 activation and release of a type-2 CG is signaled by DCI. When UE is configured with multiple type-2 CGs, configuration ID needs to be indicated in the same DCI. Similar problem was studied in LTE for multiple UL SPS configurations, and the following rules were defined to indicate SPS configuration. 
· When DCI format 0 CRC is scrambled by UL-SPS-V-RNTI, a 3-bit UL SPS configuration index field indicates the SPS configuration. 
· When DCI format 0, 7-0A, or 7-0B CRC is scrambled by SPS C-RNTI, the least significant 3 bits of the HARQ process number field indicate the SPS configuration.
The first method is used in LTE V2X uplink configurations while the second rule can be applied for PUSCH with slot or sub-slot durations, such as for HRLLC. Small DCI size is important to maintain high PDCCH decoding reliability. Therefore, we propose that the existing HARQ process number field in format 0_0 and 0_1 can be used to indicate type-2 CG configuration during L1 activation/release in NR V2X.
Proposal 3: Existing HARQ process number field indicates type-2 configuration index during activation/release.
Similar to LTE, the most significant bit of HARQ process number field can be used to validate activation/release. The rest of the 3 bits can be used to indicate a maximum of 8 CG configurations per BWP. 
Proposal 4: Maximum number of type-2 CG configurations is no more than 8 per BWP (i.e., max(X) ≤ 8).
· Exact value of max(X) is FFS.
Multiple active configured grants allow UE to support simultaneous transmission of different traffic types. Multiple type-2 CGs with different periodicity configurations can be selected based on each estimated uplink traffic periodicity (Figure 1a.). Likewise, multiple CGs with different time shifts can help minimize aperiodic traffic latency (Figure 1b.). 
NR V2X use cases support periodic and aperiodic transmissions with different periodicity and latency targets. For example; 
· If UE is configured with a use case that requires low-latency aperiodic traffic, it is desirable to configure UE with more than one CG configurations with different time shifts to improve the worst-case latency performance (e.g., CG-5 and CG-7 configurations in Figure 1a.). If more strict latency requirements are needed, all four CG-5, CG-6, CG-7, CG-8 configurations can be activated. 
· If UE is expected to have periodic transmission, it is desirable to activate more than one CG configurations with different periodicities at UE according to the estimated uplink transmission periodicity (e.g., CG-1 and CG-2 configurations in Figure 1b). On the contrary, it is less likely to activate/release multiple CG configurations with different periodicities and different time shifts at the same time for the same type of traffic (e.g., CG-3 and CG-7 configurations). 
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Figure 1: Example of multiple CGs with a) different periodicities, b) different time shifts.
Instead of activating/releasing one CG configuration at a time per DCI, it is desirable to activate/release a set of CG configurations by a single DCI according to the estimated traffic type. Using a single DCI to activate/release multiple type-2 configured grants can improve spectral efficiency by faster activation/release of uplink resources. It also helps minimize signaling overhead. 
Proposal 5: A single DCI can be used to simultaneously activate/release multiple configured grants at once.
For example, multiple CG activation/release by a single DCI can be achieved by introducing a mapping parameter in the higher-layer configuration for Type-2 configured grants. A mapping ID can indicate which HARQ process number values are associated with a given configured grant configuration. 
An example is illustrated in Figure 2. CG-1 is configured with mapping 0 and 1, CG-2 is configured with mapping 1 and 2, CG-3 is configured with mapping 3. In this example, an activation DCI with the HARQ process number field ‘0000’ activates only CG-1 (i.e., decimal value of ‘0000’ is 0). An activation DCI with the HARQ process number field ‘0001’ activates both CG-1 and CG-2 simultaneously (i.e., decimal value of ‘0001’ is 1). An activation DCI with the HARQ process number field ‘0010’ activates only CG-2 (i.e., decimal value of ‘0010’ is 2). An activation DCI with the HARQ process number field ‘0011’ activates only CG-3 (i.e., decimal value of ‘0011’ is 3). Such design as in this example improves higher-layer configuration flexibility without any limitations to functionality. With proper higher layer configuration, it is still possible to activate/release a single configured grant at a time with a one-to-one mapping to HARQ process number field. 
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Figure 2: A higher-layer mapping ID parameter can indicate an association between one and more HARQ process number values and a type-2 configured grant index.

Uu multicast/broadcast
Broadcast and multicast data transmission are not supported in NR R15 specification. There were recent discussions in this SI about whether NR Uu broadcast/multicast should be studied in R16 V2X scope [2]. In our view, such study would require an extensive amount of effort, and therefore, given the large number of open design problems in V2X and limited R16 WI timeline, it does not seem feasible to include NR Uu broadcast/multicast design in V2X R16 SI/WI scope. We propose the following:
Observation 1: NR broadcast/multicast design requires extensive standardization efforts. 
Proposal 6: NR Uu broadcast/multicast design is excluded from NR V2X SI scope. 
Instead, feasibility of the following three alternative solutions can be studied to support broadcast/multicast transmission through Uu interface (see Figure-3).
· One method is to schedule a separate unicast PDSCH for each UE with a different DCI. No standardization work is necessary; however, spectral efficiency would be low if there are more than a few UEs. 
· Another option is to schedule one UE with unicast PDSCH and to configure the same UE with SL groupcast transmission to relay the same transmission. Much better resource efficiency can be achieved at the expense of higher latency. 
· [bookmark: _GoBack]Third alternative is SC-PTM like solution where the same PDSCH can be decoded by multiple UEs directly based on the same DCI when CRC is scrambled with a group-level RNTI. Good latency and resource efficiency can be achieved, however UEs need to stay in the same cell coverage. New mechanism may be needed for uplink HARQ and/or CSI feedback. 
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Figure 3: Three alternative methods to support Uu-based broadcast/multicast data transmission.

Table-2 summarizes these three candidate methods below.
Table 2: Comparison of alternative methods for Uu broadcast/multicast transmission.
	
	Resource efficiency
	Latency
	Scalability (more UEs)

	unicast PDSCH
	Low
	Low
	Bad

	Unicast PDSCH + SL groupcast
	Average
	High
	Good

	SC-PTM with group-RNTI
	High
	Low
	Good



We propose to study the feasibility of these methods to support advanced V2X use cases which require broadcast/multicast data transmissions. Resource efficiency, latency, and standardization efforts should be taken into consideration.
Proposal 7: Feasibility of candidate methods should be studied to support Uu multicast/broadcast transmissions in V2X.
Conclusions
We have the following observations:

Observation 1: NR broadcast/multicast design requires extensive standardization efforts. 

We have the following proposals:

Proposal 1: Identify use cases that may require Uu enhancements.
Proposal 2: eURLLC SI can study NR Uu feasibility for the candidate use cases for Uu enhancements.
Proposal 3: Existing HARQ process number field indicates type-2 configuration index during activation/release.
Proposal 4: Maximum number of type-2 CG configurations is no more than 8 per BWP (i.e., max(X) ≤ 8).
· Exact value of max(X) is FFS.
Proposal 5: A single DCI can be used to simultaneously activate/release multiple configured grants at once.
Proposal 6: NR Uu broadcast/multicast design is excluded from NR V2X SI scope. 
Proposal 7: Feasibility of candidate methods should be studied to support Uu multicast/broadcast transmissions in V2X.
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