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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution is discussing SL HARQ buffer management aspects for the transmitting as well as receiving side. Since a V2X UE may be in communication with multiple V2X users at the same time, it’s important to efficiently manage the HARQ buffers in order to avoid situations where sidelink transmissions/receptions are restricted due to the lack of available HARQ Tx/Rx buffer. 
2 Discussion
As discussed in our companion contribution [1] the SL HARQ processes/buffer should be shared between mode1 and mode 2 SL transmissions. Therefore it is important to define an upper bound for the usage of a HARQ process/Tx buffer for a SL transmission. Otherwise a HARQ process would be blocked for other SL transmissions.
Proposal 1: upper bound for usage of a HARQ process at the transmitting side should be defined. 
We think that the upper bound for a SL transmission should be linked to the QoS requirements, e.g. PDB, of the data transmitted within the corresponding TB. In order to ensure that there are no further SL transmissions of a TB beyond the PDB associated with the data contained in the TB, the V2X TX UE starts a timer to control the maximum transmission time of a TB. Such timer should be started once a TB is generated and stored in the HARQ transmission buffer. The timer value is set by the transmitting Tx UE according to the packet delay budget (PDB) of the data contained in the transport block, e.g. timer is set to a value according to the PDB value of the highest priority SL LCH having data within a TB or according to the minimum PDB value of the SL LCHs having data within a TB. While the timer is running the V2X TX UE is allowed to carry out HARQ (re)transmissions of the TB. Upon expiry of the timer the UE shall not make any further HARQ (re)transmission of the TB. The corresponding HARQ processes can be considered as available for other SL transmissions upon expiry of the timer. 
Proposal 2: A timer is used to control the maximum transmission time of a SL TB. The timer value is set according to the PDB value of the data contained in the TB
Proposal 3: Upon expiry of the timer the Tx UE considers the corresponding HARQ process as available for new initial HARQ transmissions, e.g. Tx UE can generate a new TB according to a received SL grant (mode 1) or autonomously selected a SL grant (mode 2).
For mode 1 SL transmissions we think that a V2X TX UE should consider a HARQ process as available for the transmission of a new TB upon having sent an ACK to the gNB for the TB currently stored in the transmission buffer of that HARQ process. According to the current NR Rel-15 standard the HARQ transmission buffer of a UE is controlled solely by the NW by means of the New Data Indicator (NDI) signaled for a given HARQ process within a DCI. In case UE receives a DCI containing an NDI value which is toggled compared to the last received NDI value for the same HARQ process the UE will store another generated TB in the transmission buffer of this HARQ process and hence delete the previously stored TB. However since for NR V2X the transmitter UE may share the HARQ buffer of the HARQ processes among mode 1 and mode 2 transmissions there should be some upper limit defined for how long a TB is stored in the transmission of a HARQ process respectively it should be specified when the Tx UE can use a HARQ process for the transmission of a new TB, e.g. mode 1 or mode 2.
Proposal 4:  Upon having sent an ACK to the gNB for a mode 1 SL transmission, the V2X Tx UE considers the corresponding HARQ process as available for new transmissions, i.e. the V2X TX UE can use the HARQ process for the transmission of a new TB (e.g. mode 1 or mode 2).
For mode 1 SL transmissions a UE should be allowed to switch autonomously to mode 2 for further HARQ retransmissions upon detection of a control channel error, e.g. NACK-to-ACK error on the Uu interface, as long as the maximum allowed transmissions time of a TB is not yet expired, i.e. the timer controlling the max. transmission time is still running. Such control channel errors may lead to a situation where the Tx UE sending an NACK to the gNB in order to request SL resources for further HARQ retransmission, doesn’t receive a DCI allocating SL resources for a retransmission but for an initial HARQ transmission instead since the NACK was detected by the gNB as an ACK. In order to avoid a packet loss in such a situation, the Tx UE should be allowed to perform further HARQ retransmissions of this TB in mode 2 as long as the corresponding timer is running. 
Such error case, where Tx UE expects SL resources for a HARQ retransmission but actually receives a DCI indicating SL resources for an initial transmission, may also happen in case a DCI (sent bv gNB) indicating SL resources for an HARQ retransmission is not detected by the Tx Ue, i.e. DCI miss-detection, and the corresponding DTX on the feedback channel is detected as an ACK by the gNB. 

[image: ]

Figure 1: exemplary scenario for NACK-to-ACK error case

Proposal 5: Upon detection of a control channel error on the Uu interface for a SL transmission in mode 1, e.g. NACK-to-ACK error, a UE is allowed to perform further HARQ retransmissions of a TB in mode 2 as long as the maximum transmission time of the TB has not yet expired. 
Similarly to the transmitting side we also think that for the receiving side the time a TB is stored in a soft buffer should be limited by some maximum value. It should be noted that a V2X UE could be in communication with several V2X users at the same time, therefore the soft buffer management is some crucial functionality for NR V2X. Further, managing the soft buffer content of a V2X UE solely by means of NDI signaling as done for NR Rel-15 will not be possible since the V2X UE may be simultaneously communicating with multiple V2X users.   
Proposal 6: An upper limit is defined for the time a soft buffer/HARQ process is used for the decoding of a SL TB. 
Similar to the Tx side a timer could be also associated with a soft buffer/HARQ process controlling the maximum time a TB should occupy the soft buffer of a HARQ process. When the data, e.g. LLR(s), of a new TB is placed/stored at the first time in the soft buffer of an HARQ process the Rx UE starts the corresponding timer. The Rx UE may try to decode the data stored in the soft buffer as long as the timer is running and not expired. At timer expiry, the Rx UE may replace the data in the soft buffer with some other received data, i.e. data of a different new TB is stored in the soft buffer, or flush the soft buffer.  Since the receiving UE only knows the content of the TB after successful decoding, the timer value should be provided by the Tx UE, e.g. the timer value could be signaled explicitly within the SCI. 
Instead of signaling the maximum allowed decoding time explicitly the SCI can signal some other indication which is used by the receiver V2X UE for the soft buffer management. Such indication may be for example the maximum number of HARQ transmissions for a TB. After reception of the last HARQ transmission of a TB the receiving UE may use the HARQ process for some other SL transmission, i.e. replace the data in the soft buffer with some other received data. Another option would be to signal, e.g. by means of a flag, the last HARQ transmission attempt for a TB. When receiving at the RX UE side a SCI indicating that the corresponding PSSCH carries the last HARQ (re)transmission of the TB, the receiving UE doesn’t expect any further HARQ retransmissions of this TB and can after the decoding use the soft buffer for some other SL transmission, i.e. replace the data currently stored in the soft buffer with some other received data. 
Proposal 7: The SCI contains some information which is used by the receiver UE for the soft buffer management, i.e. based on the signaling information the receiver UE can replace the data stored in a soft buffer and use it for some other SL transmission. Such information may be the maximum decoding time of a TB or information about the last HARQ transmission of a TB. 
In order to efficiently manage the HARQ soft buffer, the V2X Rx UE should be allowed to replace the data stored in a soft buffer with other data upon having sent an HARQ ACK to the transmitting UE for the corresponding SL transmission of the TB which was stored in the soft buffer. In other words, an Rx V2X UE may flush the soft buffer or replace the data of the soft buffer once the data/TB stored in the soft buffer was correctly decoded. 
Proposal 8: Upon successful decoding of a TB and sending an HARQ ACK to the transmitting UE for TB which was stored in the soft buffer, a V2X Rx UE can flush the soft buffer and use the soft buffer for the reception of other SL transmissions. 

3 Conclusions
This document discussed SL HARQ operation and following proposals are made:
Proposal 1: upper bound for usage of a HARQ process at the transmitting side should be defined. 
Proposal 2: A timer is used to control the maximum transmission time of a SL TB. The timer value is set according to the PDB value of the data contained in the TB
Proposal 3: Upon expiry of the timer the Tx UE considers the corresponding HARQ process as available for new initial HARQ transmissions, e.g. Tx UE can generate a new TB according to a received SL grant (mode 1) or autonomously selected a SL grant (mode 2).
Proposal 4:  Upon having sent an ACK to the gNB for a mode 1 SL transmission, the V2X Tx UE considers the corresponding HARQ process as available for new transmissions, i.e. the V2X TX UE can use the HARQ process for the transmission of a new TB (e.g. mode 1 or mode 2).
Proposal 5: Upon detection of a control channel error on the Uu interface for a SL transmission in mode 1, e.g. NACK-to-ACK error, UE is allowed to perform further HARQ retransmissions of a TB in mode 2 as long as the maximum transmission time of the TB has not yet expired. 
Proposal 6: An upper limit is defined for the time a soft buffer/HARQ process is used for the decoding of a SL TB. 
Proposal 7: The SCI contains some information which is used by the receiver UE for the soft buffer management, i.e. based on the signaling information the receiver UE can replace the data stored in a soft buffer and use it for some other SL transmission. Such information may be the maximum decoding time of a TB or information about the last HARQ transmission of a TB. 
Proposal 8: Upon successful decoding of a TB and sending an HARQ ACK to the transmitting UE for TB which was stored in the soft buffer, a V2X Rx UE can flush the soft buffer and use the soft buffer for the reception of other SL transmissions.  
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