3GPP TSG RAN WG1 Ad Hoc Meeting 1901                           R1-1900460
Taipei, Taiwan, 21st – 25th  January, 2019

Agenda item:		7.2.4.1.2 
Source:			ITRI
Title:		Physical procedure for Sidelink feedback transmission 
Document for:		Discussion and Decision
1. Agreements from the RAN1#95 meeting
The RAN1 #95 meeting [1] reached the agreements are shown as follows,
Agreement:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG

Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding









· the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
Agreements:
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use

Sidelink Feedback Control Information Format
In RAN1 #95 meeting agreement, physical sidelink feedback channel (PSFCH) is defined and it is supported to convey sidelink feedback control information (SFCI) for unicast and groupcast via PSFCH. Therefore, we need to discuss what will be included sidelink feedback control information. 
To carry sidelink feedback control information in PSFCH, additional fields should be supported for new feedback channel. There could be multiple types of feedback information desired to be supported in sidelink unicast and groupcast, such as decoding status, MCS and/or number repetition, or SL measurement results, at least a field to indicate the type of feedback information carried in PSFCH should be supported. 
If the type of feedback information is ACK/NACK, then the second field indicating whether ACK or NACK is needed. If the type of current feedback information is MCS for sidelink transmission, then the second field should indicate the MCS index. If the type of current feedback information is repetition transmission, then the second field should indicate the number of repetition. If the type of current feedback information is SL RSSI/RSRP/RSRQ, then the second field should indicate the values of SL RSSI/RSRP/RSRQ.       
Table 1. Type of feedback information and associate content of each type of feedback information
	Type of feedback information
	Associate content of each type of feedback information

	ACK or NACK
	ACK or NACK

	MCS
	MCS index

	Repetition
	Number of repetition

	SL-RSSI
	SL_RSSI value

	SL-RSRP
	SL-RSRP value

	SL-RSRQ
	SL_RSRQ value


Proposal 1: To carry sidelink feedback control information in PSFCH. The first field indicates the type of feedback information, and the second field indicates associate content of each type.
Dicussion on Feedback Transmission Procedure
For feedback transmission procedure, we will divide into three parts:
· Feedback transmission procedure in the in-coverage scenario
· Feedback transmission procedure in the partial-coverage scenario
· Feedback transmission procedure in the out-coverage scenario
If Mode 1 resource access is adopted in the in-coverage scenario where all UEs are under the network coverage of an gNB, then an gNB is able to configure resources for unicast sidelink communication. In this case, when a transmitter UE wishes to perform sidelink transmission to another UE, this transmitter UE may request resources for sidelink transmission from a gNB, and if this resource request is granted, then an gNB informs both a transmitter UE and a receiver UE the location of resources for sidelink transmission. When a receiver UE wishes to perform sidelink feedback transmission (such as decoding status), a receiver UE may need to know who is the transmitter UE.
Since an gNB is aware of a transmitter UE and a receiver UE for a sidelink transmission using Mode 1, an gNB is able to inform a sidelink receiver UE about the ID of the corresponding sidelink transmitter UE through the Uu interface, as illustrated in Fig. 1. When a sidelink receiver UE knows the ID of the corresponding transmitter UE, if this sidelink receiver UE wishes to perform feedback sidelink transmission, this receiver UE is able to insert this transmitter UE ID into the field of the destination ID of a sidelink transmission burst through existing sidelink physical channel(s).  In this case, when a sidelink transmitter UE receives a feedback sidelink transmission burst, this sidelink transmitter UE may not reject this feedback sidelink transmission burst by checking the destination ID of this feedback transmission burst. We referred a transmitter UE ID as explicit knowledge of a sidelink transmitter UE.
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Fig. 1: Example of SL feedback transmission for in-coverage scenario. 
Proposal 2: A sidelink transmitter UE ID should be considered for feedback transmission procedure.  An gNB can signal a sidelink transmitter UE ID to a sidelink receiver UE through Uu link and sidelink transmit for in-coverage scenario.
In the partial-coverage scenario, there could be two possible cases: 
1) A sidelink transmitter UE is in-coverage while the corresponding sidelink receiver UE is out-of-coverage
 2) A sidelink receiver UE is in-coverage while the corresponding sidelink transmitter UE is out-of-coverage 
A sidelink transmitter UE is in-coverage and a sidelink receiver UE is out-of-coverage. However, since a sidelink receiver UE is out-of-coverage, an gNB may not provide a sidelink transmitter UE ID to a sidelink receiver through the Uu interface. As a result, a sidelink transmitter UE may provide its own ID (e.g., along with the forward sidelink transmission) to a sidelink receiver UE. Once the transmitter UE ID is obtained, a sidelink receiver UE can perform feedback transmission in Mode 1 or Mode 2 through using a sidelink transmitter ID as the destination ID, as illustrated in Fig. 2(a).  
A sidelink receiver UE is in-coverage and a sidelink transmitter UE is out-of-coverage. In this case, an gNB is able to configure resources for sidelink transmission, and an gNB may inform the resource configuration to an in-coverage sidelink receiver UE and this receiver UE can relay the resource configuration to an out-of-coverage sidelink transmitter UE. For this purpose, an gNB may provide a sidelink transmitter ID to a sidelink receiver UE, such that a sidelink receiver UE is able to relay resource configuration information to s sidelink transmission.  Since a sidelink receiver UE may already know the ID of a transmitter (in order to relay the resource configuration of sidelink transmission), this transmitter ID can be inserted in the field of designation ID for feedback transmission, as illustrated in Fig. 2(b).
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Fig. 2: Example of SL feedback transmission in partial-coverage scenario. (a) Sidelink transmitter UE is in-coverage and explicit knowledge is applied to sidelink feedback (b) Sidelink receiver UE is in-coverage and explicit knowledge is applied to sidelink feedback.
Proposal 3: When a sidelink transmitter UE is in-coverage and a sidelink receiver UE is out-of-coverage, an in-coverage transmitter UE may provide its own ID along with a sidelink transmitter burst to the corresponding sidelink receiver UE.
Proposal 4: When a sidelink receiver UE is in-coverage and a sidelink transmitter UE is out-of-coverage, an gNB may provide a sidelink transmitter ID to a sidelink receiver UE through Uu interface.
In the out-of-coverage scenario, only Mode 2 resource access is available. In this case, a UE chooses resources on its own to launch a sidelink transmission, explicit knowledge of a sidelink transmitter UE seems a straightforward alternative. When a sidelink transmitter UE launches a sidelink transmission at randomly selected resources, this transmitter UE also transmits its own ID to the corresponding sidelink receiver UE. When a sidelink receiver UE detects a sidelink transmission burst and the ID of a transmitter UE, this receiver UE is able to perform feedback transmission using Mode 2 resource access, and insert the transmitter UE ID into the field of the destination ID in feedback transmission, as illustrated in Fig. 3. In this case, the transmitter UE is able to identify this feedback transmission. 

[image: ]
Fig. 3: Example of SL feedback transmission in out-of-coverage scenario.
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In this contribution, the following issues are discussed and should be studied for the design are as follows,
Proposal 1: To carry sidelink feedback control information in PSFCH. The first field indicates the type of feedback information, and the second field indicates associate content of each type.
Proposal 2: A sidelink transmitter UE ID should be considered for feedback transmission procedure.  An gNB can signal a sidelink transmitter UE ID to a sidelink receiver UE through Uu link and sidelink transmit for in-coverage scenario.
Proposal 3: When a sidelink transmitter UE is in-coverage and a sidelink receiver UE is out-of-coverage, an in-coverage transmitter UE may provide its own ID along with a sidelink transmitter burst to the corresponding sidelink receiver UE.
Proposal 4: When a sidelink receiver UE is in-coverage and a sidelink transmitter UE is out-of-coverage, an gNB may provide a sidelink transmitter ID to a sidelink receiver UE through Uu interface.
Proposal 5: If Mode 2 is both applied to sidelink transmission and corresponding feedback transmission, a sidelink transmitter UE may inform its own ID to a sidelink receiver UE. 
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