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1.
Introduction
This contribution is motivated by the following agreements in 3GPP RAN1#88b [1].
Agreement
· The following enhancements for sidelink unicast communication are studied further: 
· eNB controlled resource allocation and configuration for communication between Relay and Remote UE
· eNB decision on resource allocation is relayed to Remote UE by Relay UE
· Relay UE assisted resource allocation and configuration under eNB control
· Remote UE assisted resource allocation 
Agreement
· No new sidelink physical channel to be introduced solely to provide feedback
· Piggyback in existing channels is not precluded
· Study the following feedback information to be exchanged between the receiving and transmitting UEs for sidelink link adaptation
· Decoding status, taking into account the impacts on complexity and Remote UE power consumption
· Adaptation of MCS, number of (re)transmissions and resource for transmission
· FFS on sidelink CSI feedback
· SL measurements e.g. SL-RSSI/RSRP/RSRQ. FFS on details.
In our accompanying contribution [2], resource access and mechanisms for feedback transmission in SL unicast communication are discussed. In this contribution, we continue to discuss which existing SL physical channel in Release 12/13 may be appropriate for feedback information piggyback. 
2.
Sidelink Physical Channels in Release 12/13
In Release 12/13, the following sidelink physical channels are supported: PSSS/SSSS, PSBCH, PSSCH, PSDCH, and PSCCH. In sidelink feedback transmission, a sidelink receiver UE is the feedback information transmitter while a sidelink transmitter UE is the feedback information receiver. As a result, to boost feedback transmission using piggyback in existing physical channel, a suitable physical sidelink channel should be launched by an feedback information transmitter UE. In the following, the suitability of utilizing each of these sidelink physical channels is discussed. 
· PSSS/SSSS. In light of the D2D synchronization signal transmission procedure in Release 12/13, both a sideink transmitter UE and a sidelink receiver UE are possibly to launch PSSS/SSSS. On the other hand, it is also possible that a sidelink receiver UE has no chance to launch PSSS/SSSS based on the existing D2D synchronization signal transmission procedure. In this case, if a sidelink receiver UE wishes to transmit sidelink feedback information, but this receiver UE has no chance to launch PSSS/SSSS, sidelink feedback information may not be piggyback in PSSS/SSSS. As a result, PSSS/SSSS may not be suitable to carry sidelink feedback information.     

· PSBCH. In Release 12/13, PSBCH carries information facilitating D2D synchronization, and therefore similar to the case of PSSS/SSSS transmission, both a sideink transmitter UE and a sidelink receiver UE are possibly to launch PSBCH. In the meantime, it is also possible that a sidelink receiver UE has no chance to launch PSBCH based on the existing D2D synchronization signal transmission procedure. As a consequence, PSBCH may not be suitable to carry sidelink feedback information, either.      

· PSDCH. Since the design target of Release 12/13 sidelink transmission is to serve the public safety purpose, D2D discovery procedure and D2D communication are not highly correlated. That is, the purpose of D2D discovery procedure is not solely to serve D2D communication. Instead, D2D discovery procedure facilitates the identification of surrounding UEs for public safety purposes. On the other hand, to perform D2D communication, D2D discovery procedure may not be necessary, as D2D communication can be conducted in broadcasting transmission. In this case, D2D discovery procedure is initiated by upper layers, and sidelink discovery signal is not required to be transmitted by a sidelink transmitter UE. Sidelink discovery signal is not required to be transmitted by a sidelink receiver UE, either. In fact, any UE is able to launch sidelink discovery signal if it is triggered by upper layers. In this case, it is possible that a sidelink receiver UE wishes to transmit sidelink feedback information, but this receiver UE has no chance to launch PSDCH. As a result, PSDCH may not be suitable to carry sidelink feedback information.

· PSSCH. In light of the D2D communication procedure in Release 12 and 13, PSSCH is followed by PSCCH transmission. Only if a sidelink receiver UE is able to successfully detect the corresponding PSCCH, this receiver UE is able to obtain the resources carrying PSCCH. If a sidelink receiver UE wishes to adopt PSCCH to carry feedback information, a sidelink receiver UE should transmit PSCCH prior to the transmission of PSSCH. In this case, PSCCH is an evitable overhead. Furthermore, a sidelink transmitter UE can successfully decode feedback information only if this transmitter UE can both successfully detect PSCCH and PSSCH launched by a sidelink receiver UE. The reliability of feedback reception may be a concern. As a result, PSSCH may not be suitable to carry sidelink feedback information.

· PSCCH. As aforementioned, PSCCH is necessary in D2D communication. When a sidelink receiver UE wishes to perform sidelink feedback transmission, feedback information can be carried by PSCCH, and a sidelink receiver UE can launch PSCCH without followed PSSCH. In this case, the overall transmission amount in feedback transmission can be reduced as compared with using PSCCH+PSSCH. Since a sidelink transmitter UE only needs to decode PSCCH (rather than PSCCH+PSSCH), the reliability of feedback reception can also be enhanced. As a result, PSCCH may be suitable to carry sidelink feedback information.

Observation 1:  To boost feedback transmission using piggyback in existing physical channel, a suitable physical sidelink channel should be launched by a feedback information transmitter UE, which can be a sidelink receiver UE in a sidelink transmission.

Proposal 1: PSCCH may be suitable to carry sidelink feedback information.
3.
Possible Format of PSCCH Supporting Feedback
To carry feedback information in PSCCH, additional fields should be supported in existing PSCCH in Release 12 and 13. Since there could be multiple types of feedback information desired to be supported in sidelink unicast communication, such as decoding status, MCS and/or number repetition, or SL measurement results, at least a field to indicate the type of current feedback information carried in PSCCH should be supported. Since there could be more then 4 types of feedback information desired to be transmitted, the number of this field should be at least 3 bits.

On the other hand, there should a second field to indicate the content of each type of feedback information, as illustrated in Table 1. For example, if the type of current feedback information is ACK/NACK, then the second field with 1 bit 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 (the number of bits depends on the total number of MCS). If the type of current feedback information is repetition transmission, then the second field should indicate the number of repetition (the number of bits depends on the total 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 (the number of bits depends on the total possible values). Therefore, the number of bits in the second field depends on the type in the first additional field. As a result, the number of bits in the second field should be the maximum number of bits among associate content of all types in the field.  

Table 1. Two additional fields to indicate the type of feedback information and the associate content of each type should be provided in PSCCH.

	Type of feedback information (at least 3 bits)
	Associate content of each type of feedback information (maximum number of bits among associate content of all types in the field)

	ACK or NACK

MCS

Repetition

SL-RSSI

SL-RSRP

SL-RSRQ

etc.
	ACK or NACK

MCS index

Number of repetition

SL_RSSI value

SL-RSRP value

SL_RSRQ value

etc.


Proposal 2 : To carry feedback information in PSCCH, at least two additional fields should be supported in existing PSCCH in Release 12 and 13. The first additional field indicates the type of feedback information, and the second field indicates associate content of each type.
4.
Conclusion
In summary, in the contribution, the following proposals and observations for feedback transmission in unicast sidelink communication are provided. 
Observation 1: To boost feedback transmission using piggyback in existing physical channel, a suitable physical sidelink channel should be launched by a feedback information transmitter UE, which can be a sidelink receiver UE in a sidelink transmission.

Proposal 1: PSCCH may be suitable to carry sidelink feedback information.
Proposal 2 : To carry feedback information in PSCCH, at least two additional fields should be supported in existing PSCCH in Release 12 and 13. The first additional field indicates the type of feedback information, and the second field indicates associate content of each type.
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