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Introduction
[bookmark: _GoBack]In the previous RAN2 meetings, the HARQ operations for NR SL have been discussed. All the related agreements are listed below. 
Agreements from RAN2#107bis meeting [1]: 
1. Like Tx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for transmission, and shared by all cast-types.
2. Like Tx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. The maximum number of transmitting sidelink processes associated with each NR sidelink HARQ entity is pending on RAN1.
3. Like Rx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for reception, and shared by all cast-types.
4. Like Rx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. FFS for the maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity.
5. From a SCI, the Rx UE can select the HARQ process to handle the corresponding transmission from unoccupied HARQ process.
6. For unicast/groupcast communication, each corresponding TB at the Tx UE should be associated with cast-type, Source ID, Destination ID and HARQ process id.
7. For unicast/groupcast communication, the Tx UE’s MAC is able to receive the sidelink HARQ feedback indication (e.g. ACK or NACK) from SL PHY layer.
8. For unicast/groupcast, the network shall configure the HARQ enable/disable to Tx-UE:
-  For RRC_CONNECTED UEs: the gNB configure via RRC message.
-  For RRC_Idle/RRC_Inactive UEs: the gNB configure via SIB.
-  For OOC UEs: via pre-configure.
9. RAN2 to support SL HARQ feedback enable/disable configures in SLRB level:
-  For both mode1&mode2 UEs: SLRB level in RRC message.
-  For Idle/Inactive/OOC UEs: SLRB level in SIB/pre-configuration message
Agreements from RAN2#108 meeting [2]: 
1. If there is no unoccupied Sidelink process in the Sidelink HARQ entity, when a new TB arrives, how to handle RX buffer management is up to UE implementation.
2. The Rx UE can flush the buffer of the HARQ process and consider it as available when a new transmission SCI is received for this HARQ process (for the existing source, destination ids, cast type and HARQ process id).
In this contribution, we identify some exceptional cases during SL HARQ operation, and UE behaviours for such cases will also be discussed based on the agreements up to now and the 38.321 Running CR for SL [3]. 
Discussion
In Rel-16, the feedback based HARQ operation are supported for NR SL unicast and groupcast communication. When the HARQ feedback is enabled for the NR SL communication, the HARQ operation in the normal case would be:
1) TX UE performs the new transmission or retransmission of a TB to the RX UE;
· For Mode 1, the TB is transmitted by using the SL grant scheduled by the gNB.
2) After receiving the TB from the TX UE, the RX UE shall feedback the HARQ acknowledgement of the TB to the TX UE based on the decoding status, i.e., ACK or NACK. 
3) After receiving the HARQ acknowledgement, the TX UE shall decide whether to perform retransmission or not. 
· For Mode 1, the TX UE shall feedback this HARQ acknowledgement to the gNB.
4) Return to step 1).
2.1 Exceptional cases
Beside the normal case, some exceptional cases as identified as below may also happen during the HARQ operation. 
· Case 1: After receiving ACK from RX UE for a SL HARQ process, the TX UE received SL grant to schedule the retransmission for this SL HARQ process from the gNB. 
This case may happen once the gNB misunderstands the “ACK” situation for the concerned SL HARQ process in the TX UE, i.e., the gNB assumes the HARQ acknowledgement for the concerned SL HARQ process is “NACK”. In our understanding, the similar case may also happen in the Uu DL, where the UE needs to feedback HARQ acknowledgement for the DL data to the gNB. One of the clue indicating such case may happen in the Uu DL is the following highlighted conditions in section 5.3.2.2 of [4].
	The MAC entity then shall:
1>	if this is a new transmission:
2>	attempt to decode the received data.
1>	else if this is a retransmission:
2>	if the data for this TB has not yet been successfully decoded:
3>	instruct the physical layer to combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.
1>	if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
1> if the data for this TB was successfully decoded before:
……………………..


For NR SL, such case may happen if the following situation occurs:
· When the TX UE needs to feedback the HARQ ACK of a SL HARQ process to the gNB via the PUCCH, there is overlapped SL transmission which has higher priority than this PUCCH transmission occurs. If this happens, the gNB would miss the ACK of the concerned SL HARQ process and for safety the gNB may choose to schedule the SL grant for retransmission for this SL HARQ process.
· The TX UE transmits the HARQ ACK of a SL HARQ process to the gNB via the PUCCH. However, the gNB mistakenly decodes the ACK as NACK. If this happens, the gNB may also choose to schedule the SL grant for retransmission for this SL HARQ process.
Observation 1: For Mode 1, the following exceptional case may happen:
· The TX UE receives ACK from the RX UE for the transmission of an SL HARQ process, but later receives an SL grant schedule the retransmission of the same SL HARQ process.
· Case 2: When the TX UE needs to transmit the data of a SL HARQ process to the RX UE via the PSSCH, there is overlapped UL transmission which has higher priority than the PSSCH transmission. Then the TX UE drops the PSSCH transmission and as a consequent, the TX UE will not receive the HARQ acknowledgement for this SL HARQ process from the RX UE.
This is a well-known case in RAN2, since related topic, i.e., the transmission priority handling between PSSCH and UL transmission in this case, has been discussed extensively in RAN2, and it may happen in both Mode 1 and Mode 2. However, its impact on the HARQ operation in case HARQ feedback is enabled has not been considered.
Observation 2: For both Mode 1 and Mode 2, the following exceptional case may happen:
· When the TX UE needs to transmit the data of a SL HARQ process to the RX UE via the PSSCH, there is overlapped UL transmission which has higher priority than the PSSCH transmission. Then the TX UE drops the PSSCH transmission, and as a consequent, the TX UE will not receive the HARQ acknowledgement for this SL HARQ process from the RX UE.
· Case 3: After RX UE has transmitted ACK for a TB to the TX UE, the RX UE receives the retransmission of the same TB from the TX UE.
This case is similar to the Case 1, and it may happen once the TX UE misunderstands the “ACK” situation for the concerned SL HARQ process in the RX UE, i.e., the TX UE assumes the HARQ acknowledgement for the concerned SL HARQ process is “NACK”. 
For NR SL, such case may happen if the following situation occurs:
· The RX UE dropped the PSFCH transmission when there is overlapped UL transmission which has higher priority than the PSFCH transmission occurs.
· The RX UE transmits the HARQ ACK of a SL HARQ process to the RX UE via the PSFCH. However, the TX UE mistakenly decodes the ACK as NACK.
In addition, for SL Groupcast with HARQ feedback enabled, if the TX UE performs the retransmission based on some RX UE’s feedback, then for the RX UE whose feedback was ACK, this case would also occur.
Observation 3: For both Mode 1 and Mode 2, the following exceptional case may happen:
· The RX UE receives the retransmission of a TB from the TX UE after the RX UE has transmitted ACK for the same TB to the TX UE.
The impact of other three cases on the SL HARQ operation have not been discussed in RAN2. Although they are exceptional cases, they still could happen as analysed above. Once some of them happen, the correct UE behaviours that would not break the HARQ operation should be discussed and specified.
Proposal 1: Above exceptional cases may happen, but the UE behaviour on how to deal with these cases have not ever been discussed, and are thus unclear in the specification. 
Next, we will give our analysis on the UE behaviours in such exceptional cases one by one.
2.2 UE behaviours for the exceptional cases  
· For Case 1
If such case occurs, the TX UE shall, if following the operation in normal case, still perform the retransmission for the SL HARQ process although previous TB of this SL HARQ process has been positively acknowledged by the RX UE. However, such retransmission is unnecessary.
Since the TX UE can know whether retransmission scheduled by gNB is necessary or not based on the HARQ process ID in the DCI and the RX UE’s previous HARQ feedback for the associated SL HARQ process, the reasonable TX UE behaviour if this case occurs should be:
1) Ignore or clear this SL grant, and not perform the retransmission on the PSSCH.
2) Generate ACK for this SL HARQ process by itself and transmit the ACK via the PUCCH to the gNB if PUCCH resource is configured, in order to stop the gNB to schedule the unnecessary retransmission again.
Then a subsequent issue is how the TX UE can judge whether a SL grant received from the gNB for retransmission needs to ignore or clear. There could be two options:
· Option 1: When the TX UE received the HARQ ACK from the RX UE via the PSFCH for a SL HARQ process, the TX UE flush the HARQ buffer of SL HARQ process. Then if the next the SL grant received from the gNB associated with the same SL HARQ process is for retransmission (i.e., not for new transmission), the TX UE can have the idea that this SL grant should be ignored or cleared based on the condition that the HARQ buffer of the SL HARQ process is empty.
· Option 2: When the TX UE received the HARQ ACK from the RX UE via the PSFCH for a SL HARQ process, the TX UE does not flush the HARQ buffer of SL HARQ process. If a SL grant received from the gNB is for retransmission of a SL HARQ process, the TX UE judges whether the most recently received HARQ feedback from the RX UE for the same SL HARQ process is ACK or NACK. If it is ACK, ignore or clear the SL grant.
Compared with Option 1, we think Option 2 has the following demerit, that is, when implementing Option 2 in the chipset, the TX UE needs to maintain a variable which is used to record the state of the HARQ acknowledgement received from the RX UE for each SL HARQ process. Option 1 does not require such variable since the HARQ buffer status is used instead. 
So, for case 1 we have the following proposals:
Proposal 2a: When the TX UE received the HARQ ACK from the RX UE via the PSFCH for a SL HARQ process, the TX UE flushes the HARQ buffer of the corresponding SL HARQ process.
Proposal 2b: If the TX UE received a SL grant which is used for retransmission from the gNB, and if the HARQ buffer of the SL HARQ process associated to this SL grant by the HARQ entity is empty, the HARQ entity shall
· ignore or clear this SL grant;
· Indicate the SL HARQ process associated to this SL grant to generate ACK.
Proposal 2c: If the SL HARQ process of the TX UE is indicated to generate ACK by the associated SL HARQ entity, the SL HARQ process instructs the PHY layer to signal the HARQ acknowledgement on the PUCCH. 
· For Case 2
If such case occurs, since the TX UE dropped the SL data transmission due to the collision of UL/SL transmission, the TX UE should continue the SL data retransmission via the next SL grant, which can be got from the gNB by feedback the SL HARQ NACK, or reselected from the TX resource pool autonomously. So for this case the reasonable UE behaviour should be: generate NACK for the concerned SL HARQ process by itself and transmit the NACK via the PUCCH to the gNB in order to get the next SL grant for retransmission for this SL HARQ process in case of Mode 1. Since it is SL HARQ process that is responsible to judge whether the SL data transmission is dropped according to [3], it should be the SL HARQ process (instead of the SL HARQ entity) to generate the NACK by itself.
Proposal 3: If the TX UE needs to transmit the data of a SL HARQ process to the RX UE via the PSSCH, but the SL HARQ process drops the PSSCH transmission (e.g., due to the SL/UL transmission collision), the SL HARQ process of the TX UE generates NACK by itself and instructs the PHY layer to signal the HARQ acknowledgement on the PUCCH in the case of Mode 1.
· For Case 3:
Upon the occurrence of such a case, if the RX UE does not feedback ACK to the TX UE, the TX UE shall consider it as DTX and continue the retransmission according to the RAN1 agreement [5]. This is obviously not desired. So to avoid the TX UE to continue the retransmission of the TB, the RX UE should feedback ACK when it received TB redundantly although it does not need to decode the TB.
After looking through [3], we observed that:
1) The RX UE’s SL HARQ process, which is allocated by the SL HARQ entity, is responsible for decoding the TB and instructing the physical layer to generate acknowledgement(s) of the data in this TB. 
2) If the RX UE has successfully decoded a TB of a SL HARQ process, this SL HARQ process shall be considered as unoccupied, which means that it can be allocated by the associated SL HARQ entity to receive any new TB. Then if the Case 3 occurs, there could be two sub-cases.
· Subcase 1): Before the RX UE receives the retransmission of a TB for which the RX UE has transmitted ACK to the TX UE, the previous SL HARQ process allocated to handle this TB has been re-allocated to handle other TB.
· Subcase 2): Before the RX UE receives the retransmission of a TB for which the RX UE has transmitted ACK to the TX UE, the previous SL HARQ process allocated to handle this TB is still unoccupied.
Based on the above observations, no matter which of the above Subcase is occurring together with Case 3, , a common procedure can be specified to implement the correct RX UE behaviour (i.e., RX UE should feedback ACK when it received TB redundantly although it does not need to decode the TB). The common procedure is: for a valid SCI received from the TX UE, if the SCI is scheduling a retransmission for a TB (i.e., the NDI in the SCI has been not toggled compared to the value of the previous received transmission corresponding to this TB [3]), and if the SL transmission information of this SCI is not associated to any SL HARQ process, the HARQ entity allocates the TB to an unoccupied SL HARQ process, which is used to handle this redundant TB and instructs the PHY layer to generate the HARQ acknowledgement of the data in this TB.
Proposal 4: For a valid SCI received from the TX UE, if the SCI is scheduling a retransmission for a TB (i.e., the NDI in the SCI has been not toggled compared to the value of the previous received transmission corresponding to this TB), and if the SL transmission information of this SCI is not associated to any SL HARQ process, the HARQ entity shall allocate the TB to an unoccupied SL HARQ process, which is used to handle this redundant TB and instructs the PHY layer to generate the HARQ acknowledgement.
Conclusion
[bookmark: OLE_LINK3]In this paper, we firstly identified some exceptional cases for the SL HARQ operation and have the following observations:
Observation 1: For Mode 1, the following exceptional case may happen:
· The TX UE receives ACK from the RX UE for the transmission of an SL HARQ process, but later receives an SL grant schedule the retransmission of the same SL HARQ process.
Observation 2: For both Mode 1 and Mode 2, the following exceptional case may happen:
· When the TX UE needs to transmit the data of a SL HARQ process to the RX UE via the PSSCH, there is overlapped UL transmission which has higher priority than the PSSCH transmission. Then the TX UE drops the PSSCH transmission, and as a consequent, the TX UE will not receive the HARQ acknowledgement for this SL HARQ process from the RX UE.
Observation 3: For both Mode 1 and Mode 2, the following exceptional case may happen:
· The RX UE receives the retransmission of a TB from the TX UE after the RX UE has transmitted ACK for the same TB to the TX UE.
Then we discussed the UE behaviours in those exceptional cases. The corresponding proposals are given as follows:
Proposal 1: Above exceptional cases may happen, but the UE behaviour on how to deal with these cases have not ever been discussed, and are thus unclear in the specification.
Proposal 2a: When the TX UE received the HARQ ACK from the RX UE via the PSFCH for a SL HARQ process, the TX UE flushes the HARQ buffer of the corresponding SL HARQ process.
Proposal 2b: If the TX UE received a SL grant which is used for retransmission from the gNB, and if the HARQ buffer of the SL HARQ process associated to this SL grant by the HARQ entity is empty, the HARQ entity shall
· ignore or clear this SL grant;
· Indicate the SL HARQ process associated to this SL grant to generate ACK.
Proposal 2c: If the SL HARQ process of the TX UE is indicated to generate ACK by the associated SL HARQ entity, the SL HARQ process instructs the PHY layer to signal the HARQ acknowledgement on the PUCCH. 
Proposal 3: If the TX UE needs to transmit the data of a SL HARQ process to the RX UE via the PSSCH, but the SL HARQ process drops the PSSCH transmission (e.g., due to the SL/UL transmission collision), the SL HARQ process of the TX UE generates NACK by itself and instructs the PHY layer to signal the HARQ acknowledgement on the PUCCH in the case of Mode 1.
Proposal 4: For a valid SCI received from the TX UE, if the SCI is scheduling a retransmission for a TB (i.e., the NDI in the SCI has been not toggled compared to the value of the previous received transmission corresponding to this TB), and if the SL transmission information of this SCI is not associated to any SL HARQ process, the HARQ entity shall allocate the TB to an unoccupied SL HARQ process, which is used to handle this redundant TB and instructs the PHY layer to generate the HARQ acknowledgement.
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