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1. INTRODUCTION
In 3GPP RAN2#103bis meeting, it is agreed that unicast, groupcast and broadcast will be supported in NR V2X:
Agreements
1: 	Unicast, groupcast, and broadcast should be supported for all of the in-coverage, out-of-coverage, and partial coverage scenarios.

In RAN1#95 meeting, an agreement has been made regarding supporting HARQ feedback in unicast and groupcast:
	Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.




In this contribution, we discuss procedure regarding handling SL communication of different cast types in MAC layer.
2. DISCUSSION
According to previous meetings, it has been agreed that sidelink unicast, groupcast and broadcast are supported in NR V2X. In addition, SL HARQ feedback (for HARQ retransmission) is supported for unicast and groupcast. RAN1 has been designing SCI content for different cast types in RAN1#97 without reaching consensus:
	Bit field
	candidate size
	unicast
	groupcast
	broadcast

	HARQ process number
	[1-4]
	O
	O
	FFS　　

	NDI
	1
	O
	O
	FFS　　

	RV
	2
	O
	O
	FFS　　

	Layer-1 source ID
	[8-24]
	O
	O
	FFS

	Layer-1 destination ID 
	[8-24]
	O
	O
	FFS

	MCS
	[5]
	O
	O
	O

	CRC
	24
	O
	O
	O

	QoS indication
	3
	O
	O
	O

	CSI request
	[1]
	O
	X
	X

	DMRS pattern
	[1-2]
	O
	O
	FFS


Table 1: proposed SCI content for different cast types in [1].
Since transmission from different cast types and from different UEs need to be handled differently, issues may occur when a Receiver UE (Rx UE) has to handle reception from different cast types as well as from different transmitter UEs (Tx UE). 
First, for supporting HARQ combining and retransmission, a TX UE needs to indicate HARQ process number for each TB for Rx UE in SCI for unicast and groupcast transmissions. If multiple Tx UEs are performing SL unicast/groupcast to the same Rx UE, it is possible that more than one Tx UEs indicate the same HARQ process for SL transmission, and Rx UE may experience data error if Rx UE handles TB from different Tx UEs with a single HARQ process.
Second, since sidelink broadcast does not support feedback-based HARQ combining, SCI for sidelink broadcast may not indicate HARQ process number. According to legacy LTE V2X for handling sidelink broadcast, if SCI has been received on the PSCCH with a Group Destination ID of interest to the UE, the UE directs the TB and HARQ information associated with the SCI to a HARQ process based on UE implementation. The UE may experience HARQ process collision if broadcast TB shares the same set of HARQ processes with unicast/groupcast.
Observation 1: 	A Rx UE may experience sidelink HARQ process collision when performing sidelink communication with multiple Tx UEs and result in data loss.
To avoid HARQ process collision between different UEs in groupcast and unicast, one possible solution is that a Rx UE uses different (set of) HARQ processes to handle data from different UEs. To be more specific, in addition to HARQ process number, the Rx UE shall take Destination ID and Source ID indicated in the SCI into consideration when determining with which HARQ process the Rx UE associate the SCI and TB. In addition, the Rx UE should use a separate (set of) HARQ process for handling broadcast traffic from unicast and groupcast, which is similar to Uu where a broadcast HARQ process is dedicated for BCCH.
Proposal 1: 	When receiving a SCI for unicast and groupcast, Rx UE determines with which HARQ process the SCI is associated based on HARQ process number, Layer-1 Destination ID and Layer-1 Source ID.
Proposal 2: 	HARQ processes used for sidelink broadcast are separated from HARQ processes used for sidelink unicast and groupcast.
This paper further discusses several possible HARQ entity design options for mitigating issues in HARQ process collision in broadcast, unicast, and groupcast. 
Option 1: One HARQ entity for broadcast and one HARQ entity for each Source-Destination pair for unicast and groupcast
An illustration of the design is shown in Figure 1. A MAC entity of a V2X UE maintains one HARQ entity for receiving broadcast transmissions. The UE can determine the broadcast traffic based on Layer-1 Destination ID in the SCI. For simple design, LTE V2X behaviour can be applied to the HARQ entity for broadcast. The MAC entity maintains one HARQ entity for each unicast/groupcast connection distinguished by the Destination ID – Source ID pair. For example, the first HARQ entity for groupcast is for receiving SCI and associated data from UE_1 with Source ID SrcID_1 performing a groupcast service with Destination ID DstID_1. the second HARQ entity for groupcast is for receiving SCI and associated data from UE_2 with Source ID SrcID_2 performing a groupcast service with Destination ID DstID_2. Each HARQ entity maintains a number of its own HARQ processes. For example, the first SCI for groupcast is associated with HARQ process 1 in the first HARQ entity for groupcast, and the second SCI for groupcast is associated with HARQ process 1 in the second HARQ entity for groupcast. The first SCI for uniscast indicates source ID SrcID_A, destination ID DstID_A and is associate with the first HARQ entity for unicast. The second SCI for uniscast indicates source ID SrcID_B, destination ID DstID_B and is associate with the second HARQ entity for unicast.
The advantage of the design is complete mitigation of HARQ process collision between connection from all different UEs and cast types, and each HARQ entity can enable/disable its HARQ feedback independently while the disadvantage is the Rx UE shall establish and maintain one additional HARQ entity for each connection.
Option 2: One HARQ entity for all cast types
Another design is shown in Figure 2. The MAC entity maintains one HARQ entity (in one carrier) for all UEs performing sidelink communication with it. Similar to Uu design, the HARQ entity maintains a set of HARQ processes dedicated for broadcast traffic. The UE can handle broadcast traffic similar to LTE V2X behaviour. On the other hand, the HARQ entity maintains another set of HARQ processes for unicast/groupcast traffic. The HARQ entity can associate an incoming SCI with a HARQ process based on Destination ID, Source ID, and HARQ process number indicated in the SCI (as proposed in Proposal 1). As shown in Figure 2, SCI for unicast and SCI for groupcast indicate the same HARQ process but with different Destination ID and source ID pair. The UE can associate the two SCI with different HARQ processes according to above information.
The advantage of this design is only one HARQ entity is used for handling all traffic in one carrier, which is similar to LTE V2X architecture, whereas the disadvantage is that the design is not scalable in number of HARQ processes when maintaining a large number of connections between different UEs.
Option 3: One HARQ entity for each cast type.
Another idea of design is illustrated in Figure 3. The MAC entity maintains 3 HARQ entities, each for different cast types. The MAC entity associate a SCI with a HARQ entity first based on its destination ID (and/or source ID) and the HARQ entity associate the SCI with a HARQ process based on Destination ID, Source ID, and HARQ process number in the SCI. The advantage of this design is that it’s a compromise of the previous two designs, and HARQ feedback configurations of unicast and groupcast can be configured and/or enable/disable independently, while disadvantage being not scalable regarding large number of connections between different UEs.


Figure 1. Option 1.


Figure 2. Option 2.


Figure 3. Option 3.

Proposal 3:	RAN2 discusses MAC architecture for sidelink HARQ entity:
Option1:	One HARQ entity for broadcast and one HARQ entity for each Source-Destination pair for unicast and groupcast;
Option 2:	One HARQ entity for all cast types;
Option 3:	One HARQ entity for each cast type.
3. CONCLUSION
We have the following observations and proposal for handling multiple sidelink communication:
Observation 1: 	A Rx UE may experience sidelink HARQ process collision when performing sidelink communication with multiple Tx UEs and result in data loss.
Proposal 1: 	When receiving a SCI for unicast and groupcast, Rx UE determines with which HARQ process the SCI is associated based on HARQ process number, Layer-1 Destination ID and Layer-1 Source ID.
Proposal 2: 	HARQ processes used for sidelink broadcast are separated from HARQ processes used for sidelink unicast and groupcast.
Proposal 3:	RAN2 discusses MAC architecture for sidelink HARQ entity:
Option1:	One HARQ entity for broadcast and one HARQ entity for each Source-Destination pair for unicast and groupcast;
Option 2:	One HARQ entity for all cast types;
Option 3:	One HARQ entity for each cast type.
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