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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss sidelink physical layer structures and procedure(s) including: slot structure, multiplexing of control and data channel, resource pool and BWP, resource allocation modes, HARQ enhancements, multi-beam operation as well as power control in sidelink. 
Discussion
1 
2 
Slot structure
Similar to NR Uu, the concept of frame, subframe and slot can be defined for NR V2X sidelink. A radio frame of 10 ms consists of ten subframes each with 1 ms, and a slot of 14 OFDM symbols no matter which subcarrier spacing is used can be defined for NR V2X sidelink. 
Proposal 1: The concept of frame, subframe and slot are defined for NR V2X sidelink, and same definition as NR Uu is adopted.
As for the slot structure, since NR V2X supports unicast and groupcast, NR V2X sidelink slot design should allow distinguishing between the symbols used for transmission and the symbols used for reception. 
For TDD operation, only UL subframes can be used for sidelink transmission in LTE V2X. NR V2X sidelink slot design should consider more complicated situations, because NR slot configuration allows a slot to include both “UL” symbols and “flexible” symbols. 
One issue is whether NR Uu “flexible” symbols can be used for NR V2X sidelink transmission. 
If “flexible” slots/symbols are not supported for use of NR V2X sidelink, the available number of sidelink slots/symbols will be limited, especially when NR Uu DL-flexible-UL pattern contains many “flexible” symbols, leading to an increased latency of NR V2X services. In this sense, support of “flexible” slots/symbols is beneficial. 
On the other hand, the impacts of introducing NR Uu “flexible” symbols into NR V2X sidelink need to be studied. As NR Uu “flexible” symbols configured semi-statically can be overridden by DCI/SFI, a UE may assume a flexible symbol as UL or DL when some transmission or reception is scheduled by DCI or certain slot format is indicated by dynamic SFI. Subsequently, some transmission or reception configured by higher layer need to be cancelled on these flexible symbols if action time is met. If one or more of symbols in a set of NR Uu “flexible” symbols assigned to NR V2X sidelink transmission is/are overridden to DL, the interference between DL and SL becomes a severe problem, which may cause system failure in a half-duplex system. Therefore, the use of NR “flexible” symbols for sidelink transmission must be very careful. 
Proposal 2: Study on the necessities, benefits and impacts of NR Uu “flexible” symbols used for NR V2X sidelink. 
If only UL symbols are supported, there are following two cases when considering the available NR Uu slots:
· Case 1-1: UL-only slots are used for NR V2X sidelink transmission.
· Case 1-2: UL symbols within a slot are used for NR V2X sidelink transmission.
· The number of consecutive UL symbols in a slot is equal to or larger than a certain value (e.g., 2, 4, 7, et al.), or 
· The number of consecutive UL symbols in a slot is arbitrary (e.g., 1-14). 
· Note: The above does not consider gap aspect. 
If both “UL” and “flexible” symbols are supported, there are following two cases when considering the available NR Uu slots:
· Case 2-1: UL-only slots and flexible-only slots are used for NR V2X sidelink transmission.
· Case 2-2: UL symbols and flexible symbols within a slot are used for NR V2X sidelink transmission.
· The number of consecutive flexible+UL symbols in a slot is equal to or larger than a certain value (e.g., 2, 4, 7), or 
· The number of consecutive flexible+UL symbols in a slot is arbitrary. 
· Note: The above does not consider gap aspect. “flexible+UL” denotes “flexible”, or “UL”, or “flexible and UL”. 
Multiplexing of control and data channel
In RAN1 #94 meeting, the following agreements on multiplexing of PSCCH and the associated PSSCH were achieved. 
Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
Illustration of the above options:
[image: ]
In this section, we provide our considerations on this issue.
In Option 1A, the frequency resources of PSSCH can be obtained once PSCCH has been detected, with the merits of simplifying PSCCH contents design and allowing for compact SCI size. As PSCCH and the associated PSSCH are transmitted using non-overlapping time resources, if only slot-based scheduling is supported, the time domain resources used by the associated PSSCH can be obtained assuming remaining time resources in the slot, and no time domain resource allocation in the PSCCH is needed. If non-slot based scheduling or cross-slot scheduling is also supported, it is necessary to use PSCCH to allocate time domain resources to PSSCH.
In Option 1B, as the two channels use different frequency resources, the frequency resources used by PSSCH have to be assigned by the scheduled PSCCH, rather than derived implicitly from the occupied frequency resources by the scheduled PSCCH. Analysis on time domain resources is the same as Option 1A. 
Option 2 is similar as that used in LTE V2X, thus it is straightforward to take resource pool design into consideration, including subframe/slot/symbol pool and subchannel design. Since data channel decoding cannot start until control channel decoding is completed, the advantage of option 2 is reduced in terms of processing time.
Option 3 is most flexible. The frequency domain resource allocation similar as that used in NR can be reused, thus corresponding PSCCH contents need to be added or modified. Another issue need to be considered is the rate-matching problem. The resources used by PSCCH in overlapping time resources is not available for PSSCH, and PSSCH may need to perform rate-matching around these resources. 
Based on above analysis, it is desirable to design a unified framework in terms of control channel design, no matter one or more of the options of multiplexing physical channels are supported. 
Proposal 3: Strive for unified control channel design framework, regardless of multiplexing of control and data channel.
Resource pool and BWP
In RAN 1 #94 meeting, it was agreed that RAN1 would continue study on the necessity, benefits and relationship between bandwidth part and resource pool [1]. In LTE V2X, resource pools are (pre-) configured for broadcast transmission, which provides both time and frequency domain information for resource allocation therein. Similarly in NR V2X, it is straightforward to (pre-) configure resource pools for unicast, groupcast, and broadcast transmission. On the other hand, bandwidth part (BWP) is introduced in NR Uu link, which contains frequency resource information and the numerology parameters. The main benefit of BWP is that gNB can adjust the transmission bandwidth by BWP switching according to the traffic demand and thus save the UE power compared with the full bandwidth transmission. It can also flexibly support multiple numerologies by switching among multiple BWPs. 
Compared the concept of resource pools with BWP, it can be found that the frequency resource information can be configured by both of them. The main difference is the resource pool can additionally indicate the time information while BWP can additionally indicate the numerology information. From our point of view, the frequency information in both concepts should be clarified. Whether resource pools can be configured within frequency range of BWP or BWPs can be configured on the frequency resources defined by a resource pool should be studied.
Proposal 4: Resource pool is supported for NR V2X, and study potential gain and enhancements of BWP in NR sidelink.
NR V2X aims to support various type of services. Single numerology can be utilized for supporting multiple services, which provides low UE complexity. If a single numerology with smaller SCS is utilized, for latency sensitive service, mini-slot scheduling is required to achieve low latency, causing higher portion overhead of control channel compared with utilizing a lager SCS directly; If a single numerology with larger SCS is utilized, for large packet service, multiple slots are required for transmitting a single TB, which is not supported in NR Uu link. Multiple numerologies can be utilized for supporting multiple services in a more flexible way, but cause high UE complexity. And the selection or switching mechanism among resources with multiple numerologies should be studied. Therefore, it’s better to study both cases for determining numerology for NR V2X resource pools.
Proposal 5: Study following configuration for resource pool
· Multiple resource pools have same numerology.
· Multiple resource pools have different numerologies, in TDM/FDM manner. 
Resource allocation modes
Regarding to resource allocation modes, the following agreements were achieved in RAN1 #94 meeting. 
Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As shown above, two main resource allocation modes for NR V2X have been agreed in RAN 1 #94 meeting, where mode 1 provides resource allocation by base station scheduling and mode 2 provides resource allocation without base station scheduling. Also mode 2 includes four sub-modes, defining potential mechanisms that resource allocation is determined by UE with assisted information provided by another UE, base station/network or pre-configured. For in-coverage case, both mode 1 and mode 2 may be applied, while for out-of-coverage case, only mode 2 can be applied, and for partial-coverage case, some sub-modes in mode 2 can provide more resource allocation flexibility assisted by another UE. Also, there are four main types of NR V2X use cases: vehicle platooning, advanced driving, extended sensors, and remote driving. The proper resource allocation (sub-) modes may differ in different use cases. Considering UE may involve in multiple V2X services and moving with high speed with possibility transiting from in-coverage case to out-of coverage case. Therefore, it’s necessary to study switching mechanism for NR V2X resource allocation (sub-) modes.
Proposal 6: Study NR V2X resource allocation mode switching mechanism.
HARQ enhancements
Both blind repetitions and HARQ feedback mechanism can improve reliability for data transmission. Blind repetitions perform (re-)transmitting the same TB several times without waiting for feedback, it can save overhead for feedback and reduce latency, but may cause low resource efficiency. It can be applied to unicast, groupcast, and broadcast transmission. Blind repetitions are supported in both LTE D2D and V2X. A fixed number of three repetitions for one TB is supported in LTE D2D, where consecutive subframes are used for transmitting these repetitions. SCI 0 provides scheduling information for the first transmission, based on which the scheduling information of the remaining two repetitions can be determined thereafter. In LTE V2X, up to two repetitions are supported and two is used only when the time gap field in SCI 1 is not equal to zero. SCI 1 provides scheduling information for its associated transmission as well as that of the other repetition. In NR Uu link, blind repetitions are also supported in both grant-based and configured grants transmission, where one of repetition numbers among 2, 4, and 8 can be configured by RRC signaling. Considering the high reliability requirement of NR V2X with 99.999%, repetition number of 2 or 3 as in LTE may not be enough and therefore, more repetitions should be supported. Furthermore, if a large repetition number is (pre-) configured for all blind repetitions, it may cause resource waste for links with good channel quality, whereas if a small one is (pre-) configured, it may not ensure the reliability for links with poor channel quality. Considering that channel state information can be potentially acquired in unicast and groupcast, which can help to determine the number of repetitions dynamically. A dynamic mechanism for determining repetition number should be studied, i.e., a set of candidate values can be (pre-) configured and SCI 1 indicates one of them. At last, for different repetition numbers, a unified solution should be studied for identification of repetitions of a TB.    
Proposal 7: Study enhancement on blind repetitions for unicast, groupcast, and broadcast, includes increasing number of repetitions, dynamic repetition numbers, and mechanism for identification of repetitions of a TB.
In our companion contribution [2], enhancements on HARQ feedback for sidelink unicast and groupcast are discussed, and the following proposals are achieved. Detailed description can be found in [2]. 
Proposal 8: Study the following issues to support HARQ feedback for sidelink unicast:
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Identification of (re-)transmissions for a TB
· Identification of HARQ feedback for a TB
· HARQ feedback mechanism
· Channel structure for HARQ feedback channel
· Resource allocation for HARQ feedback channel
Proposal 9: Study whether to support HARQ feedback for groupcast.
Multi-beam operation
Considering the support of FR2 for NR V2X, beam-based transmission is almost doomed to be adopted. Otherwise, we can hardly deal with the coverage issue. Though beam management may not be needed for groupcast and broadcast service, it is critical for unicast service. With appropriate beam management, the spatial properties between two sidelink UEs can be determined. There exist several very useful cases where we can apply beam management. For example, the roadside RSU equipped at a fixed location can execute beam training for the coming and going vehicles. Another applicable case could be a group of cars traveling in the same direction, i.e., platoon etc.
	Scenario-1
	Scenario-2
	Scenario-3

	[image: ]
	[image: ]
	
[image: ]


Figure 1. Scenario for sidelink beam management
As shown in Figure 1, three general scenarios can be summarized depending on the sidelink-UE types, e.g., in-coverage UE or out-of-coverage UE:
· Scenario-1: One sidelink-UE is in-coverage UE, the other is out-of-coverage UE.
· Scenario-2: Both sidelink-UEs are in-coverage UE. 
· Scenario-3: Both sidelink-UEs are out-of-coverage UE.
The beam management procedure in such three scenarios could be different and deserves further investigations. Besides, BFR is also indispensable for beam-based transmission.
For details of sidelink beam-based transmission, please refer to our companion contribution [3].
Proposal 10: Both beam management and BFR should be investigated.
Power control
In LTE sidelink design, only uplink path loss based open-loop power control is supported. The transmitter estimates the uplink path loss based on downlink measurements and sets the transmit power accordingly. This performs well for broadcast transmission in LTE V2X, as it could reduce the interference to uplink transmission. However, the uplink path loss doesn’t reflect the channel properties including the channel attenuation and the noise and interference level between sidelink transmitter and receiver. For example, the communication range may be limited for unicast and groupcast even the uplink path loss of the transmitter is large, then transmitting with high power is not required.
In the case of a sidelink physical channel, the appropriate power simply depends on the received power needed for proper decoding of the information carried by the sidelink physical channel. At the same time, the transmit power should be limited to a certain level to reduce interference caused to other sidelink transmissions. Therefore, a more appropriate power control scheme should be studied for NR V2X.
Proposal 11: Study new power control mechanism for NR V2X.
Conclusions
Potential enhancements on sidelink physical layer structures and procedure(s) for NR V2X are discussed in this document and the following conclusions are proposed:
Proposal 1: The concept of frame, subframe and slot are defined for NR V2X sidelink, and same definition as NR Uu is adopted.
Proposal 2: Study on the necessities, benefits and impacts of NR Uu “flexible” symbols used for NR V2X sidelink. 
Proposal 3: Strive for unified control channel design framework, regardless of multiplexing of control and data channel.
Proposal 4: Resource pool is supported for NR V2X, and study potential gain and enhancements of BWP in NR sidelink.
Proposal 5: Study following configuration for resource pool
· Multiple resource pools have same numerology.
· Multiple resource pools have different numerologies, in TDM/FDM manner. 
Proposal 6: Study NR V2X resource allocation mode switching mechanism.
Proposal 7: Study enhancement on blind repetitions for unicast, groupcast, and broadcast, includes increasing number of repetitions, dynamic repetition numbers, and mechanism for identification of repetitions of a TB.
Proposal 8: Study the following issues to support HARQ feedback for sidelink unicast:
· Identification of (re-)transmissions for a TB
· Identification of HARQ feedback for a TB
· HARQ feedback mechanism
· Channel structure for HARQ feedback channel
· Resource allocation for HARQ feedback channel
Proposal 9: Study whether to support HARQ feedback for groupcast.
Proposal 10: Both beam management and BFR should be investigated.
Proposal 11: Study new power control mechanism for NR V2X.
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