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1 Introduction

In RAN plenary meeting #80, a new SID on NR sidelink was agreed [1]. Since evaluation assumptions were mostly done in an early SI [2], the current SI could directly start from solution design and evaluations. 

1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)

· Study sidelink synchronization mechanism

· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.

In this contribution, we provide our views on the support of sidelink unicast, sidelink groupcast and sidelink broadcast. 
2 Physical layer or high layer unicast/groupcast
LTE D2D include a field “Group destination ID” in SCI, which identify a group of UEs for data reception. That is, after detection of a SCI at physical layer, if the UE is not monitoring a group destination ID, UE can skip the reception of data scheduled by the SCI. It provides a means to reduce UE reception operation and has the benefit of power saving. In special case, if only a pair of UE is configured for a group destination ID, it is equivalent to unicast. If the destination group ID is for all other UEs, it is broadcast. 

LTE V2X is designed targeting broadcast services. A safety message is broadcasted to all surrounding UEs and a UE needs to monitor all messages received. Therefore, Group destination ID or other ID for source/destination identification is not needed in SCI. If a message is to be sent to a group of UEs or a single UE, an ID in the high layer packet has to be used, i.e. high layer unicast/groupcast. Since no ID in physical layer is used, a reception UE has to decode all received packets and check the high layer ID to find the communication for a particular unicast/groupcast transmission. It causes power wasting due to unwanted decodings. It also makes it difficult to enhance the transmission at physical layer. 
According to [3], 25 advanced use cases are identified, which include a large variety of services including unicast, groupcast and broadcast services. For example, there exists leader and slavers in a platoon. A leader may need to control the resource allocation and transmission behavior of a slaver. It is hence important to identify a UE in physical layer. For HARQ based transmission, it is critical to identify the multiple packets are from the same transmitter so that it can be soft combined at physical layer. Therefore, it is preferred to explicitly signal an ID at physical layer for NR sidelink. 
Observation 1:

· High layer unicast/groupcast causes useless decoding and increases UE power consumption.

· It is better to use a ID in physical layer to identify a unicast/groupcast transmission. The ID is also required to support HARQ transmission and other physical layer functions. 
3 Support of unicast
Before setting up a pair of unicast UEs, the two UEs have to discover each other. LTE D2D already support discovery behavior and can be serve as a start point. For unicast connection setup, the discovery behavior can be viewed as initial access and RACH procedures similar to Uu link. Since LTE D2D mainly target to low speed and low density of transmitter, its performance is questionable in V2X scenarios. 
In LTE V2X, number of transmissions K for a packet is (pre)configured. K can be 1 or 2. This is suitable for broadcast system without HARQ-ACK feedback. In one aspect, the transmissions have to consider the UEs located in worst channel conditions. In the other aspect, K>1 transmissions are helpful to mitigate half duplex operation. Such scheme of fixed K (re)transmissions is not suitable for unicast. 
In unicast, transmission/reception for the two unicast UEs could be coordinated to avoid half duplex issue. If the channel conditions between a pair of UEs are good, it’s possible that the transmission is successful with less than K (re)transmissions, hence additional retransmissions are purely waste of resource. In this sense, HARQ based transmission is beneficial. To support better link adaptation, it is better to feedback CSI information to the transmitter so that a proper MCS can be selected. HARQ-ACK/CSI could be transmitted on a dedicated channel. Alternatively, if there is data sending back to the former transmitter, HARQ-ACK/CSI could be piggybacked on the data channel. 
In out of coverage case, the above unicast procedures have to be done in distributed manner. On the other hand, within network coverage, the above unicast procedures could be coordinated by gNB or done automatically. 
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Figure 1: HARQ-ACK and CSI feedback in SL unicast

Observation 2:

· Discovery is needed before setting up unicast transmission of a pair of UEs. 

· HARQ based data transmission could be more resource efficient. Further discussion on how to support HARQ-ACK/CSI feedback in NR V2X.
4 Support of groupcast
Most advanced use cases in [3] are groupcast or broadcast. A group of groupcast UEs need to know the presence of each other before preforming actual transmission, which could be the most distinguished part from broadcast. Discovery procedure defined in LTE D2D can be a start point. Due to the fast move of vehicles, the group of UEs may be frequently changed. A UE may leave the group while another UE may join the group. Therefore, procedure to manage add/release of a UE to the group is needed. 
In groupcast, since different UEs may have different channel conditions, a simple way is to fixedly transmit K times for a packet which is adopted in LTE D2D and V2X (broadcast). Similar to unicast, the redundant retransmission can be reduced if HARQ-ACK feedback is supported. The difference to unicast is that a group of UEs need to feed back the HARQ-ACKs to the transmitter. How to coordinate the HARQ-ACK resources is a key issue, especially considering autonomous transmissions and potential collisions. The group of UEs normally has different channel conditions. However, a retransmission may have to target to the worse UE. How to increase the retransmission efficiency could be studied, where CBG-based retransmission or outer-code-based HARQ could be considered. Again, it is better if a transmitter can collect the channel conditions of the group of reception UEs. It can be realized by explicit CSI or RSRQ feedback, or can be implicitly derived by other information, e.g. percentage of ACK from the reception UEs. 
Similar to unicast, the above groupcast procedures have to be done in distributed manner in out of coverage case. On the other hand, the above groupcast procedures could be coordinated by gNB or done automatically within network coverage. 

Observation 3:

· Discussion on how to distinguish between groupcast and broadcast is needed.
· Discovery procedure can be used to form a group of UEs doing groupcast transmission. 

· Add/release of UEs to a groupcast group may be needed. 

· Further study on HARQ-ACK/CSI feedback and increasing retransmission efficiency. Further study on obtaining channel state information.
5 Support of broadcast
LTE V2X is designed assuming broadcast services. It is expected some/most design can be reused in NR V2X. To minimize standardization efforts, it is preferred to maximum the commonality for the support of unicast, groupcast and broadcast. 
Observation 4:

· Strive to have a common design to support unicast, groupcast and broadcast. 
6 Conclusions
In this contribution, we provide our views on the support of unicast, groupcast and broadcast for NR sidelink. We make the following observations, 
Observation 1:

· High layer unicast/groupcast causes useless decoding and increases UE power consumption.

· It is better to use a ID in physical layer to identify a unicast/groupcast transmission. An ID is also required to support HARQ transmission and other physical layer functions. 
Observation 2:

· Discovery is needed before setting up unicast transmission of a pair of UEs. 

· HARQ based data transmission could be more resource efficient. Further discussion on how to support HARQ-ACK/CSI feedback in NR V2X.
Observation 3:
· Discussion on how to distinguish between groupcast and broadcast is needed.Discovery procedure can be used to form a group of UEs doing groupcast transmission. 

· Add/release of UEs to a groupcast group may be needed. 

· Further study on HARQ-ACK feedback and increasing retransmission efficiency. Further study on obtaining channel state information.
Observation 4:

· Strive to have a common design to support unicast, groupcast and broadcast. 
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