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1 Introduction
At RANP#83 meeting, a WI on NR V2X was approved [1], and one of the objectives is as following:

	· Sidelink physical layer procedures as per the study outcome

· HARQ procedures [RAN1, RAN2]


In the RAN1 #94bis meeting [2], it was agreed that sidelink HARQ feedback and HARQ combining in the physical layer are supported for unicast and groupcast:

	Agreements:

· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios

· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios


In addition, in the RAN2 #104 meeting [3], the following agreements have been made:
Agreements on MAC:

3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.
In this contribution, we will discuss issues about HARQ support for NR sidelink, from RAN2 perspective:
· Further considerations on HARQ feedback support, in section 2.1
· Further considerations on HARQ enable/disable, in section 2.2
· Further considerations on Groupcast HARQ feedback option1/2, in section 2.3
2 Discussion

2.1 HARQ feedback supporting
2.1.1 HARQ related modelling

1) Tx UE:
In LTE V2X [5], there is one sidelink HARQ entity maintained for each sidelink carrier, and each sidelink HARQ entity maintains a number of parallel sidelink processes. No HARQ process identifier (ID) is associated with each HARQ process.

	5.14.1.2
Sidelink HARQ operation

5.14.1.2.1
Sidelink HARQ Entity

The MAC entity is configured by upper layers to transmit using pool(s) of resources on one or multiple carriers as indicated in clause 5.10.13.1 of TS 36.331 [8]. For each carrier, there is one Sidelink HARQ Entity at the MAC entity for transmission on SL-SCH, which maintains a number of parallel Sidelink processes.

For sidelink communication, the number of transmitting Sidelink processes associated with the Sidelink HARQ Entity is defined in TS 36.331 [8].

For V2X sidelink communication, the maximum number of transmitting Sidelink processes associated with each Sidelink HARQ Entity is 8. A sidelink process may be configured for transmissions of multiple MAC PDUs. For transmissions of multiple MAC PDUs, the maximum number of transmitting Sidelink processes associated with each Sidelink HARQ Entity is 2.

A delivered and configured sidelink grant and its associated HARQ information are associated with a Sidelink process.


To our understanding, the same mechanism (i.e. shared HARQ entity) can be reused in NR-V2X for broadcast/groupcast/unicast communications, which means only one HARQ entity maintained for each sidelink carrier, and the sidelink HARQ entity maintains a number of parallel sidelink processes which may be shared by multiple connections for unicast, multiple groups for groupcast, and multiple services for broadcast.

Another model is that multiple HARQ entities maintained for each sidelink carrier, and one sidelink HARQ entity for each connection or group or service, but, this requires the UE having multiple HARQ entities, which is not cost-efficient.

Proposal 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.
Proposal 1a: 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.

For mode-1, when gNB schedules sidelink grant for new transmission or retransmission, the gNB may determine the specific HARQ process and guarantee that the different grants are associated with different HARQ process IDs. Similar to NR UL, UE can receive the HARQ process ID indicated in DCI for dynamic scheduling, and can calculate the HARQ process ID by the defined formula for configured grant. 
However, for mode-2, when a new transmission is performed, which HARQ process used to handle this transmission will be chosen by the Tx UE itself. And Tx UE need guarantee that the different grants are associated with different HARQ process IDs.
In the RAN2#104 meeting, RAN2 has agreed to support the case that a UE is configured to perform both mode-1 and mode-2 at the same time [8]:

	Agreements
4:
RAN2 will support the case a UE can be configured to perform both mode-1 and mode-2 at the same time assuming RAN1 does not have concern on it. FFS on the scenario which it is applicable.


And this is also one of the objectives in the WID:

	· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE

· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.

· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 




In NR-V2X, when a UE is configured to perform both mode-1 and mode-2 at the same time, the HARQ process ID associated with the mode1 resource may be in conflict with the HARQ process ID associated with the mode2 resource, due to the fact that the HARQ process ID associated with the mode1 resource may be allocated by the network (e.g. indicated by DCI, or calculated by formula) and the HARQ process ID associated with the mode2 resource may be selected by the Tx UE itself. If HARQ process ID allocated by the network is included in SCI, when Tx UE transmits data1 to Rx UE on mode-1 resource through HARQ process ID1 (allocated by the network) and transmits data2 to Rx UE on mode-2 resource through HARQ process ID1 (selected by the Tx UE itself), the Rx UE will decode incorrectly. 
Observation 1: For mode-1 and mode-2 coexistence scenario, the HARQ process ID associated with the mode1 resource may be in conflict with the HARQ process ID associated with the mode2 resource, due to the fact that the HARQ process ID associated with the mode1 resource may be allocated by the network and the HARQ process ID associated with the mode2 resource may be selected by the Tx UE itself.

In order to distinguish the HARQ process ID of the mode1 and mode2 resources and support the same mechanism for mode1 and mode2 operations, for a SL grant, the Tx UE can determine the HARQ process ID carried in the SCI (e.g. Tx UE can select HARQ process ID from unoccupied HARQ process ID). The HARQ process ID carried in SCI may be different from that allocated by the network. In this case, the HARQ process ID associated with the mode1 resource carried in SCI will not be in conflict with the HARQ process ID associated with the mode2 resource carried in SCI, and the Rx UE can decode data correctly. 

Proposal 2: For a SL grant, the Tx UE can select the HARQ process ID carried in the SCI, e.g. the Tx UE can select the HARQ process ID carried in the SCI from unoccupied HARQ process ID.
As analysed above, the Tx UE selects a HARQ process ID and fills it in the SCI, this HARQ process ID can be different from the HARQ process ID indicated in DCI.
As illustrated in Fig. 1, the HARQ process ID indicated in DCI is 1, however, at the Tx side, the HARQ process ID 1 may already be used for mode 2 transmission, therefore, the Tx UE selects HARQ process ID 2 for this transmission. If the Tx UE receives the NACK feedback for HARQ process ID 2, the Tx UE will feedback NACK on PUCCH to the gNB, and then gNB will schedules a grant for retransmission, and same HARQ process ID (i.e. HARQ process) in DCI, when receives this DCI, the Tx UE needs to know the HARQ process ID 1 allocated by the network corresponding to the HARQ process ID 2 in SCI, and the Tx UE can set the HARQ process ID carried in SCI to be the same as HARQ process ID in SCI for the new transmission. Therefore, the Tx UE needs to store the corresponding relation between the HARQ process ID in DCI and the HARQ process ID carried in SCI. 
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Figure 1. Illustration of HARQ process association at Tx UE
Proposal 3: Tx UE needs to store the corresponding relation between the HARQ process ID allocated by the network and HARQ process ID carried in SCI. 

Proposal 4: For a SL grant for retransmission, Tx UE can set the HARQ process ID carried in SCI to be same as the new transmission.
2) Rx UE:
In LTE-V2X [5], similar as Tx UE, for the Rx UE, there is only one sidelink HARQ entity for each carrier for all reception of SL-SCH, and the HARQ entity maintains a number of parallel sidelink processes, which means the HARQ entity and HARQ processes are shared by all broadcast services reception.

	5.14.2.2
Sidelink HARQ operation

5.14.2.2.1
Sidelink HARQ Entity

For each carrier, there is one Sidelink HARQ Entity at the MAC entity for reception of the SL-SCH, which maintains a number of parallel Sidelink processes.

Each Sidelink process is associated with SCI in which the MAC entity is interested. If SCI includes the GroupDestination ID, this interest is as determined by the Group Destination ID of the SCI. The Sidelink HARQ Entity directs HARQ information and associated TBs received on the SL-SCH to the corresponding Sidelink processes.
The number of Receiving Sidelink processes associated with the Sidelink HARQ Entity is defined in TS 36.331 [8].


To our understanding, all the above mechanism and procedures can be reused in NR-V2X for broadcast/groupcast/unicast, which means:

1) Only single HARQ entity maintained for each carrier, and the HARQ entity is shared by all cast-types

2) A number of parallel HARQ processes maintained and shared by all connections/groups/broadcast services, when an Rx UE has multiple unicast connections, belonging to multiple groups, and interested with multiple broadcast services simultaneously.

Proposal 5: 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.
Proposal 5a: 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.
Given that there may be multiple links for a specific Rx UE,  the Rx UE may receive several SCIs from different Tx UEs, and the HARQ process ID carried in these SCIs may be same. If Rx UE uses the same HARQ process ID carried in SCI to handle the data reception scheduled by SCI, the different TBs scheduled by different SCIs may be buffered in the same soft buffer for decoding, which will result in decoding errors.
So, for each SCI, the Rx UE should select an unoccupied specific HARQ process to handle the corresponding transmission. The HARQ process ID selected by Rx UE may be different from HARQ process ID carried in SCI. An example is illustrated in Fig. 2.
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Figure 2. Illustration of HARQ process association at Rx UE
Proposal 6: For a SCI, the Rx UE can select the HARQ process to handle the corresponding transmission from unoccupied HARQ process. The HARQ process ID selected by Rx UE may be different from HARQ process ID carried in SCI.
When Rx UE receive a retransmission scheduling indicated by a SCI, Rx UE needs to associate the HARQ process for retransmission to the HARQ process for new transmission. In other words, the Rx UE needs to know the HARQ process selected by the UE which is corresponding to the SCI. So, the Rx UE needs to store the corresponding relation between the HARQ process indicated in SCI and HARQ process selected by the Rx UE.
Proposal 7: Rx UE needs to store the corresponding relation between HARQ process indicated in the SCI and the HARQ process selected by the Rx UE. 

2.1.2 HARQ association

Based on the above analysis in section 2.1, we can find that in LTE sidelink, when a sidelink HARQ process is used, it will be associated with a configured grant (for Tx UE) or a SCI (for Rx UE).

When HARQ feedback and HARQ combining are introduced for unicast and groupcast in NR sidelink, the above HARQ process design is not suitable anymore. In the RAN1 #Ad-Hoc 1901 meeting, it was agreed that some information should be included in SCI, e.g. Layer-1 destination ID, Layer-1 Source ID, and HARQ process ID, etc. Thus it is reasonable that each HARQ process should be associated with a HARQ process ID, for both Tx UE and Rx UE. When a Tx UE sends out a unicast TB and receives a NACK feedback in this sidelink HARQ process, the HARQ process will be instructed to trigger the retransmission of this TB. From Tx UE perspective, each HARQ process should be associated with one destination ID which is conveyed via PSCCH as defined in RAN1.
For the Tx UE, assuming multiple Source IDs will be used at the given time (e.g. for different UEs or different PC5-S connections of the same UE), it is needed to associate the Source ID with each HARQ process at the Tx UE.
Proposal 8: For unicast/groupcast communication, each corresponding HARQ process at the Tx UE should be associated with cast-type, Source ID (e.g. L1 SRC Id), Destination ID (e.g. L1 DEST ID) and HARQ process ID.

In our thinking, a UE may maintain multiple unicast connections with several UEs. Taking the following Fig.3 as an example, UE C maintains a unicast connection with UE A and another unicast connection with UE B. UE A transmits a unicast TB to UE C, and indicates that HARQ process ID 1 is used. UE B transmits another unicast TB to UE C, and also indicates that HARQ process ID 1 is used. With respect to UE C, two different HARQ processes should be adopted to handle these two different TBs and potential retransmissions. If these two HARQ processes are differentiated only by Destination ID and HARQ process ID, when a retransmission for one TB happens (e.g. from UE A), UE C will not know which one of the two HARQ processes should be used to handle such retransmission. Hence, for UE C, Source IDs of UE A and UE B should also be associated with each of two HARQ processes.
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Fig.3 Illustration of a UE maintaining multiple connections

Proposal 9: For unicast/groupcast communication, each corresponding HARQ process at the Rx UE should be associated with cast-type, Source ID (e.g. L1 SRC Id), Destination ID (e.g. L1 DEST ID) and HARQ process ID.

2.1.3 Impacts due to shared HARQ process 
1) Necessity for HARQ process release
In LTE-V2X [5], for the Tx UE, a sidelink HARQ process is associated with a grant (e.g. both initial and retransmission resources), technically the Tx UE can release the HARQ process (or deem the HARQ process as unused) when the associated grant/resources have been used/transmitted, although it is not captured in LTE specification.
Observation 2: In LTE-V2X, Tx UE will release the HARQ process when the corresponding HARQ process associated grants are used or transmitted, which is not captured in LTE-V2X and seen as implementation for Tx UE.
For NR-V2X, the situation is different. As we discussed in section 2.1.1, as the SL HARQ process Id is selecyed by the Tx UE itself and all the HARQ processes will be shared for all the unicast connections, groups and broadcast services. Once obtaining the HARQ process ID indicated in SCI by a mode-2 Tx UE, the Rx UE would select an available HARQ process for receiving the corresponding as well as following SL transmissions for the same TB, thus the HARQ process or the related HARQ process ID selected at Rx side can be regarded as bundled with the HARQ process ID informed by the Tx UE in SCI. 

However, on one hand, the Rx UE(s) cannot know how long the SL transmission for a TB will last, thus it is unable to determine when/whether the bundled HARQ process can be released or not. To be specific, assuming that the Rx UE fails to decode a certain TB and sends an NACK to the Tx UE, it is likely that the Tx UE does not intend to retransmit that TB due to the incapability of re-reserving SL resource resulting from resource congestion, or reaching the maximum transmission times. On the other hand, even if the target Rx UE(s) remains unchanged, the Tx UE may assign a different HARQ process ID to be included in SCI later for other new TBs, instead of reusing the same HARQ process ID previously employed for scheduling new transmissions. Consequently, from the Rx UE’s perspective, it cannot recognized whether the Tx UE would retransmit the old TB or not and supposing retransmission will still happen, thus keeps the bundled HARQ process being occupied and remains the associated buffer for the possible transmissions of the old TB. Therefore, this HARQ process has to be locked for an unpredictable times and cannot be reused for receiving other TBs probably from other Tx UEs, which may lead to the waste of HARQ process for reception while the total number of HARQ process is limited. 

To settle the issue, we can define a timer for each HARQ process at Rx side to determine whether/how long to keep old data in the HARQ buffer. Before the timer expiry, the Rx UE receives possible retransmission for a TB and tries to combine it with stored data. Upon the timer expires, the Rx UE hold the view that the Tx UE will not transmit the TB related to the current HARQ process, thus release the HARQ process and replace or flush the corresponding HARQ buffer in order to re-assign it to handle other data. 
Proposal 10: For NR-V2X unciast/groupcast, a timer is introduced for the Rx UE to release the HARQ process. 
To further improve the situation and achieve the alignment between Tx UE and Rx UEs, timer configuration should be carried in each SCI, and the exact value of duration can depends on the latency requirement for this TB. This is to prevent the occurrence of case where the timer would not start properly owing to the missed detection of SCI containing timer configuration by Rx UE, if the configuration is only included in a certain SCI.

Proposal 11: For NR-V2X unciast/groupcast, this timer is carried in each SCI. 
Since the expiry of timer is regarded as the end of transmission for a TB by the Rx UE, it should be ensured that Tx UE holds the same comprehension and would not retransmit the old TB for the sake of avoiding meaningless transmissions. To achieve the alignment of implementation between Tx UE and Rx UEs about how long the transmission for a TB will last, it is reasonable to let the Tx UE to configure the timer for the Rx UE by means of indication included in SCI. 

Proposal 12: For NR-V2X unciast/groupcast, this timer is also applied for the Tx UE to release the HARQ process. 
Given that the Tx UE may be scheduled by network, i.e. in mode 1, both the network and the Tx UE need have same understanding on this timer, i.e. how long a HARQ process can be considered as available. For instance, within the given period, the TX UE can request mode-1 retransmission SL sources for buffered TB, inform the network of feedback and wait for assignment for retransmission. Once the timer stops, mode-1 Tx UE considers the network will not schedule retransmission grant for the corresponding HARQ process any more, and the corresponding HARQ process is regarded as available. Hence, timer for each HARQ process should be set by the network by explicit configuration.
Proposal 13: For NR-V2X unciast/groupcast, this timer is configured by network if Tx UE is scheduled by network, i.e. in mode 1.
2) NDI maintenance related

In NR-UL, each HARQ process is associated with a HARQ process ID for both UE and gNB. gNB maintains NDI of the same HARQ process ID and indicates whether a transmission is a new transmission or a retransmission based on whether NDI of the same HARQ process ID is toggled. UE determines whether the transmission is a new transmission or a retransmission based on whether NDI of the same HARQ process ID is toggled. 

In NR-V2X, all the HARQ processes will be shared for all the unicast connections, groups and broadcast services. And SCI will carry
 Layer-1 destination ID, Layer-1 source ID , HARQ process ID and NDI, as per the agreements in RAN1.

	· Agreements on SCI contents
· Layer-1 destination ID can be explicitly included in SCI

· FFS how to determine Layer-1 destination ID

· FFS size of Layer-1 destination ID

· The following additional information can be included in SCI

· Layer-1 source ID

· FFS how to determine Layer-1 source ID

· FFS size of Layer-1 source ID

· HARQ process ID

· NDI

· RV


Tx UE:

A Tx UE may communicate with multiple Rx UEs, and the Tx UE can communicate with different Rx UEs using the same HARQ process ID. If Tx UE maintains NDI only based on the same HARQ process ID, it may cause Rx UE not to correctly determine whether the transmission is a new transmission or a retransmission. 
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Fig.4 Illustration of a Tx UE maintains NDI only based on the same HARQ process ID

Taking the following Fig.4 as an example, firstly, a Tx UE transmits a new transmission data (e.g. data1) to Rx UE1 through HARQ process ID 1 and NDI is set to 0, then the Tx UE receives the corresponding ACK feedback from Rx UE1. Secondly, the Tx UE transmits a new transmission data (e.g. data2) to Rx UE2 through HARQ process ID 1 and NDI of HARQ process ID 1 should be toggled based on NDI=0 in step1 and is set to 1, then the Tx UE receives the corresponding ACK feedback from Rx UE2. Thirdly, when the Tx UE transmits another new transmission data (e.g. data3) to Rx UE1 through HARQ process ID 1, and NDI of HARQ process ID 1 should be toggled based on NDI=1 in step2 and is set to 0. At this time, since the NDI of the HARQ process ID 1 is not toggled from the perspective of the Rx UE1, the Rx UE1 cannot regard data3 as a retransmission of data1, which will lead to some decoding problems. 
So, Tx UE should maintain NDI based on same Destination ID (e.g. Layer-1 destination ID) and HARQ process ID. Given that as per the SA2 specification, Tx UE may has multiple Source IDs at the given time (e.g. for different Rx UEs or different PC5-S connections of the same Rx UE), and the same Source ID may be used for different cast-types (e.g. for unicast and groupcast) at a given time, Tx UE should maintain NDI based on same cast-type, Source ID(e.g. Layer-1 Source ID), Destination ID (e.g. Layer-1 destination ID) and HARQ process ID.

An example is shown in Fig.5, firstly, Tx UE1 transmits a new transmission data (e.g. data1) to Rx UE1 through HARQ process ID 1 and NDI is set to 0, then the Tx UE1 receives the corresponding ACK feedback from Rx UE1. Secondly, the Tx UE1 transmits a new transmission data (e.g. data2) to Rx UE2 through HARQ process ID 1 and NDI is set to 1, then the Tx UE1 receives the corresponding ACK feedback from Rx UE2. Thirdly, when the Tx UE1 transmits another new transmission data (e.g. data3) to Rx UE1 through HARQ process ID 1, and NDI should be toggled based on NDI=0 in step1 and is set to 1. At this time, since the NDI of the HARQ process ID 1 is toggled from the perspective of the Rx UE1, the Rx UE1 can correctly determine that data3 is a new transmission data.
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Fig.5 Illustration of a Tx UE maintains NDI based on the same Source ID, Destination ID and HARQ process ID
Proposal 14: Tx UE should maintain NDI based on cast-type, Source ID (e.g. Layer-1 Source ID), Destination ID (e.g. Layer-1 destination ID) and HARQ process ID.
Rx UE:
An Rx UE may communicate with multiple Tx UEs, and the different Tx UEs can communicate with the Rx UE using the same HARQ process ID. Similarly as operation in Tx UE, Rx UE should determine whether the transmission is a new transmission or a retransmission based on whether NDI of the same cast-type, Source ID (e.g. Layer-1 Source ID), Destination ID (e.g. Layer-1 destination ID) and HARQ process ID is toggled.

An example is shown in Fig.6, firstly, Tx UE1 transmits a new transmission data (e.g. data1) to Rx UE1 through HARQ process ID 1 and NDI is set to 0, then the Tx UE1 receives the corresponding NACK feedback from Rx UE1. Secondly, the Tx UE2 transmits a new transmission data (e.g. data2) to Rx UE1 through HARQ process ID 1 and NDI is set to 1, then the Tx UE2 receives the corresponding ACK feedback from Rx UE1. Thirdly, when the Tx UE1 retransmits the data1 to Rx UE1 through HARQ process ID 1, and NDI should not be toggled based on NDI=0 in step1 and is set to 0. At this time, since the NDI of the same Source ID (e.g. Tx UE1), Destination ID (e.g. Rx UE1) and HARQ process ID (e.g. HARQ process ID1) is not toggled from the perspective of the Rx UE1, the Rx UE1 can correctly determine that data in step3 is a retransmission of data1 in step1.
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Fig.6 Illustration of a Rx UE determines whether a transmission is a new transmission or a retransmission based on NDI of the same Source ID, Destination ID and HARQ process ID

Proposal 15: Rx UE should determine whether the transmission is a new transmission or a retransmission based on whether NDI of the same cast-type, Source ID (e.g. Layer-1 Source ID), Destination ID (e.g. Layer-1 destination ID) and HARQ process ID is toggled.
2.1.4 Tx/Rx operation for SL HARQ feedback support
In NR SL, HARQ feedback is supported for unicast and groupcast transmission, therefore, there are some new issues compared with LTE-V2X. 
· Issue 1: SL feedback reception, and reporting on UL
In LTE-V2X [5], for the Tx UE, only blind retransmission is supported, which means the Tx UE will not receive the SL HARQ feedback from Rx UE, and blind retransmission is performed without considering SL HARQ feedback from Rx UE.

But for NR-V2X, SL HARQ feedback is supported for unicast and groupcast, which requires the MAC of Tx UE shall be aware of the feedback result indicated from PHY layer.

Proposal 16: 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.
For mode1 UE, if the gNB wants to know the sidelink feedback status (e.g. for retransmission grants assignment if the SL HARQ feedback is NACK), the Tx UE need report the latest sidelink feedback status to the gNB.

Proposal 16a: For unicast/groupcast communication, the Tx UE’s MAC needs to report the latest sidelink HARQ feedback status (i.e. ACK or NACK) to the gNB if requested (e.g. corresponding PUCCH resource has been configured).
· Issue2: SL transmission receiving ACK
After successfully receiving the SL HARQ feedback results, it is good for the Tx UE to release the reserved grants which will not be used. Specifically:

· For mode1 UE:

· The UE may release the retransmission resource(s) pre-allocated by the gNB

· For mode2 UE:

· The UE may release the reserved resource(s)
For mode 2 UEs, according to the RAN1 agreements [7], it has agreed to support “usage of HARQ feedback for release of unused resource(s)”.

	Agreements:

· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB

· FFS impact on subsequent sensing and resource selection procedures

· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported

· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE

· FFS the behavior of the receiver UE(s) of this TB and other UEs


For mode 1 UEs, we think the same working assumption can be reused for interference reduction, the mode1 Tx UE can release the pre-allocated resource(s) for its own, e.g. based on the SL HARQ feedback (e.g. Tx UE deemed as successful reception). It is more suitable for the MAC to perform the procedure.

Proposal 17: For both mode1 and mode2 UEs, the Tx UE’s MAC shall release the unused resource(s) and stop retransmission when it deems the Rx UE(s) has successfully received the TB.

Regarding whether the mode1 UE need indicate this info to gNB, this is optional and depends on whether the gNB wants to know the released resource(s) and re-allocate it to other UEs. If the gNB wants to know which unused resource(s) is released, the gNB can configure the corresponding PUCCH resources for reporting the latest SL feedback status on uplink, when and how many PUCCH resources configured for the Tx UE depends on RAN1 (e.g. SL feedback and UL feedback supporting 1:1 or N:1).

Proposal 18: For mode1 Tx UE, for each SL transmission the MAC shall always instruct the PHY layer to feedback SL HARQ status, whether the Tx UE really send feedback on UL is pending on RAN1.
· Issue3: SL transmission receiving NACK
For NR-V2X, SL feedback based retransmission is supported, which means when the previous transmission is NACK, the Tx UE shall trigger the retransmission procedure.
Like LTE-V2X, we previously proposed to reuse the same mechanism in NR-V2X, e.g. the NR sidelink HARQ entity shall instruct this sidelink process to trigger a new transmission or retransmission, so it is reasonable for the HARQ entity to be aware of the SL feedback status (e.g. ACK or NACK), if it is NACK, the HARQ entity shall instruct the sidelink process to trigger retransmission.

Proposal 19: For the Tx UE, when the previous transmission is NACK, the Tx UE’s MAC (e.g. HARQ entity) shall instruct the sidelink process to trigger the retransmission.
When all of the retransmission resources were used, and the SL feedback is still NACK, the Tx UE may need t more resource for retransmission.

At last meeting, RAN1 has some agreements on the maximum number of HARQ retransmission and the maximum number of resource reservation for mode 2.

	Agreements:

· At least for mode 2, The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]

· Aim to select the particular number in RAN1#98

· NMAX is the same regardless of whether HARQ feedback is enabled or disabled

Agreements:

· At least for mode 2,  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB

· Up to 32

· FFS the set of values

· FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.)

· If no (pre)configuration, the maximum number is not specified

· Note: this (pre-)configuration information is NOT intended for the Rx UE




For mode2 UE, the Tx UE shall trigger the retransmission resource reservation, or use the previously reserved resources (e.g. for new transmissions and SL_RESOURCE_RESELECTION_COUNTER is not 0) for retransmission.
Proposal 20: For mode2 Tx UE, if the latest feedback is NACK and having no retransmission resources, it shall trigger the retransmission resource reservation.

Above analysis are focused on the impacts from Tx UE point of view, in the following we mainly discuss the impacts from Rx UE point of view.

· Issue1: SL HARQ feedback
Besides the Rx UE’s behavior like in LTE-V2X, the Rx UE for NR-V2X shall also support the SL feedback based on its decoding results. And it is reasonable for the Rx UE to send the latest decoding status (e.g. ACK or NACK) to the Tx UE only if the Rx UE has the corresponding PSFCH resources, considering the PSFCH resources may not be always configured for each SL transmission, which is pending on RAN1. 

Proposal 21: For Rx UE’s MAC, it shall always instruct the PHY layer to send SL feedback for each SL reception, whether the Rx UE really send the SL feedback is pending on RAN1.

Regarding how the SL MAC instructs the PHY layer to send SL feedback, there are two models:

· Option1: like LTE Uu, the MAC shall perform the soft buffer combination and indicate the PHY layer to feedback ACK or NACK if necessary (e.g. PHY layer will generate if enabled, or will not generate if disabled).

· Option2: Like NR Uu, it reports feedback per TB or CBG, so the MAC only instruct the PHY layer to feedback, but how to feedback (e.g. ACK or NACK, and TB or CBG feedback) rely on PHY layers’ decision.
But for NR-V2X, according to the latest RAN1 agreements, it is still FFS whether to support SL HARQ feedback per CBG, which means for NR-V2X, the MAC layer can still possibly instruct ACK or NACK to PHY layer.

Proposal 22: For Rx UE’s MAC, RAN2 to decide which option is adopted for the instruction from MAC layer to PHY layer:

· Option1: Instruct the PHY layer to generate acknowledgement(s) of the data in this TB if necessary.

· Option2: Generate a positive acknowledgement (ACK)/negative acknowledgement (NACK) of the data in this TB
2.2 HARQ enable/disable
In the RAN1 #Ad-Hoc 1901 meeting, some agreements about sidelink HARQ enable/disable were achieved in [9]:

	R1-1901439

Agreements:

· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback


In the RAN1#96bis meeting, RAN1 has agreed to support the two options as below to support HARQ feedback for groupcast and sent an LS to RAN2 [10] [11].
	R1-1905624
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Agreements:

· Confirm the following working assumption:

· Working assumption:

· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):

· Option 1: Receiver UE transmits only HARQ NACK

· Option 2: Receiver UE transmits HARQ ACK/NACK

· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet

· Send LS to RAN2 to inform RAN1’s agreement on HARQ feedback for groupcast – draft LS to be prepared in R1-1905790 (Hanbyul, LGE),which is approved with final LS in R1-1905906


In this section, we will discuss issues on how to support HARQ feedback enable/disable for NR sidelink, and Groupcast feedback option1 (NACK only) and option2 (ACK/NACK), from RAN2 perspective.
Unlike LTE-V2X only support blind transmission for broadcast services, NR-V2X supports HARQ based retransmission for unciast and groupcast to guarantee more stringent QoS requirements (e.g. 99.999% reliability). 

For SL communication, HARQ feedback enable/disable can be dynamically configured according to RAN1’s understanding (e.g. considering QoS or SL load). The configuration should be aligned between Tx-UE and   Rx-UE, otherwise, there will be some issues. For instance, supposing the configuration is unsynchronized between one unicast pair of Tx-UE and Rx-UE, e.g. Tx-UE thinks the HARQ feedback is enabled, but Rx-UE thinks it is disabled, then Tx-UE is waiting for the HARQ feedback from the Rx-UE after sending the data to Rx-UE, but no feedback is received, under such scenario, Tx-UE may:

· Alt 1: always trigger the retransmission procedure

· Alt 2: think this unicast connection experiences RLF and release this unicast connection

Based on the analysis above, we think the alignment of HARQ feedback enable/disable configuration is important between Tx-UE and Rx-UE, and the scenario may also be existed for groupcast communication..

Observation 3: For SL unicast and groupcast communication, the HARQ feedback enable/disable configuration should be synchronized between Tx-UE and Rx-UE.
Like the synchronization of the enable/disable configuration in SL, same assumption is needed for UL, e.g. when Tx-UE in mode1 receives NACK from Rx-UE, then the Tx-UE may send SL retransmission indication to the gNB, and the gNB may allocate the SL retransmission resource to the Tx-UE. In such scenario, the SL retransmission indication carried on UL shall be pre-allocated by gNB, which requires the gNB have the knowledge of whether the SL HARQ feedback is enabled/disabled. In general, there is no problem for the gNB to get the knowledge of SL HARQ enable/disable status if the gNB controls the switch configuration, but if Tx-UE or Rx-UE decides the status (i.e. disable or enable), then the Tx-UE or Rx-UE shall tell the latest status to the gNB.

Observation 4: For mode1, the SL HARQ feedback enable/disable configuration should be synchronized between Tx-UE and gNB.
2.2.1 Node who performs HARQ enable/disable configuration
For SL unicast communication, both the network (e.g. SIB/RRC by gNB or pre-configure by V2X CF) and the UE (e.g. Tx-UE or Rx-UE) can be used as controller for the enable/disable configuration. In our understanding, the node used to control the enable/disable configuration is different for UEs with different status or using different transmission mode, the potential solutions are as following:

· Case1: Tx-UE in mode1 and mode2 (RRC_CONNECTED)

· Solution1: One possible way is letting the gNB control the enable/disable configuration, then Tx-UE forwards the configuration to the Rx-UE. In this case, the SL HARQ feedback switch status can be synchronized in both UL and SL.
· Solution2: Another way is letting the gNB control both Tx-UE and Rx-UE, but this is not suitable when Rx-UE in mode2 or OOC. 
· Solution3: Tx-UE or Rx-UE makes the decision and configures each other for SL HARQ feedback switch, and Tx-UE notifies the latest status (enabled or disabled) to gNB for synchronization. Similar as in Solution2, Rx-UE is not suitable to send the latest status to gNB as Rx-UE may be in RRC_IDLE state or OOC.
· Case2: Tx-UE in mode2 (RRC_IDLE or OOC)

· Solution4: One possible way is letting Tx-UE/Rx-UE configure the enable/disable to Rx-UE/Tx-UE, and how does Tx-UE or Rx-UE configure is totally up to UE implementation.
· Solution5: Unlike relying on UE implementation in solution4, the network may pre-configure some policies (e.g. via SIB/RRC/V3 interface) to instruct the Tx-UE or Rx-UE to decide when to change the enable/disable switch.

Based on the above analysis, RAN2 need to discuss and choose the best solution considering all possible scenarios and restrictions in Obversation 3 and Obversation 4.

In our thinking, the most preferable way is network controlling Tx-UE, possibly based on Tx-UE’s previous reporting (e.g. CBR status), as Rx UE maybe not seen for the network e.g. Rx UE maybe in OOC state.

Proposal 23: 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: the V2X Control Function configure via pre-configure.

For the configuration of Rx-UE, as it maybe not seen by the gNB, then the most suitable way is to let the Tx-UE configure the HARQ enable/disable to it.
Proposal 24: For unicast/groupcast, the Tx-UE shall configure/forward the HARQ enable/disable to Rx-UE.
2.2.2 How to transmit HARQ enable/disable configuration

For how to enable the Tx-UE to configure the HARQ enable/disable to the Rx-UE, there are some options:

· Option1: via SCI 

Obviously SCI can be used to indicate the enable/disable for each transmission, but this may causes too much resource waste if the enable/disable switch is updated slowly (e.g. SL load changed not so fast) or statically (e.g. for URLLC services the switch is always disabled).

· Option2: via SL RRC

From reducing resource consumption perspective, some higher messages can be used for the enable/disable configuration between Tx-UE and Rx-UEs, e.g. one new SL RRC message is defined for the one shot configuration and valid before the next re-configuration happens.

Regarding to using SL RRC to carry enable/disable configuration, it’s feasible for unicast connection. But for groupcast of platooning scenario, we should be more careful, as which may lead to large overhead when there are many UEs in this group, and obviously, it’s not suitable for the w.o. leader scenarios.

Considering both SCI and SL RRC has merits and shortcomings, we think it is possible to support both options, and leave it to algorithm/implementation to decide in which scenario which option is finally used.

Proposal 25: For unicast/groupcast, RAN2 to support both SL-RRC and SCI for the configuration from Tx-UE to Rx-UE.

2.2.3 Granularity for HARQ enable/disable configuration
The next problem is which granularity of enable/disable can be supported. Similar with RAN1’s analysis, for SL URLLC services which have low latency requirement, we may disable the HARQ feedback and use the blind transmission as broadcast. Moreover, at last meeting, RAN2 has agreed to support SLRB configuration via SIB/RRC/pre-configuration messages, the HARQ enable/disable can be a parameter in SLRB configuration. Specifically, for RRC dedicated signalling, the HARQ enable/disable is configured per SLRB for each destination ID for each cast type, and for SIB/pre-configuration, the HARQ enable/disable is configured per SLRB for each cast type.
Proposal 26: 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
2.3 Groupcast HARQ feedback option1/2
In the RAN1#96bis meeting, RAN1 has agreed to support the two options as below to support HARQ feedback for groupcast and sent an LS to RAN2:

· Option1: NACK only
· Option2: ACK/NACK
To our understanding, from both configuration and MAC/PHY procedure point of view, all the previous proposals for HARQ enable/disable can also be applied for groupcast option1&2.
Proposal 27: RAN2 to agree applying all the above proposals also for groupcast option1&2.
3 Conclusion

In this paper, we have discussed some issues about HARQ support in NR sidelink, and have the following observations:

Observation 1: For mode-1 and mode-2 coexistence scenario, the HARQ process ID associated with the mode1 resource may be in conflict with the HARQ process ID associated with the mode2 resource, due to the fact that the HARQ process ID associated with the mode1 resource may be allocated by the network and the HARQ process ID associated with the mode2 resource may be selected by the Tx UE itself.

Observation 2: In LTE-V2X, Tx UE will release the HARQ process when the corresponding HARQ process associated grants are used or transmitted, which is not captured in LTE-V2X and seen as implementation for Tx UE.

Observation 3: For SL unicast and groupcast communication, the HARQ feedback enable/disable configuration should be synchronized between Tx-UE and Rx-UE.
Observation 4: For mode1, the SL HARQ feedback enable/disable configuration should be synchronized between Tx-UE and gNB.
And have the following proposals.

Proposal 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.

Proposal 1a: 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.

Proposal 2: For a SL grant, the Tx UE can select the HARQ process ID carried in the SCI, e.g. the Tx UE can select the HARQ process ID carried in the SCI from unoccupied HARQ process ID.
Proposal 3: Tx UE needs to store the corresponding relation between the HARQ process ID allocated by the network and HARQ process ID carried in SCI. 

Proposal 4: For a SL grant for retransmission, Tx UE can set the HARQ process ID carried in SCI to be same as the new transmission.
Proposal 5: 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.

Proposal 5a: 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.

Proposal 6: For a SCI, the Rx UE can select the HARQ process to handle the corresponding transmission from unoccupied HARQ process. The HARQ process ID selected by Rx UE may be different from HARQ process ID carried in SCI.
Proposal 7: Rx UE needs to store the corresponding relation between HARQ process indicated in the SCI and the HARQ process selected by the Rx UE. 

Proposal 8: For unicast/groupcast communication, each corresponding HARQ process at the Tx UE should be associated with cast-type, Source ID (e.g. L1 SRC Id), Destination ID (e.g. L1 DEST ID) and HARQ process ID.

Proposal 9: For unicast/groupcast communication, each corresponding HARQ process at the Rx UE should be associated with cast-type, Source ID (e.g. L1 SRC Id), Destination ID (e.g. L1 DEST ID) and HARQ process ID.

Proposal 10: For NR-V2X unciast/groupcast, a timer is introduced for the Rx UE to release the HARQ process. 
Proposal 11: For NR-V2X unciast/groupcast, this timer is carried in each SCI. 
Proposal 12: For NR-V2X unciast/groupcast, this timer is also applied for the Tx UE to release the HARQ process. 
Proposal 13: For NR-V2X unciast/groupcast, this timer is configured by network if Tx UE is scheduled by network, i.e. in mode 1.
Proposal 14: Tx UE should maintain NDI based on cast-type, Source ID (e.g. Layer-1 Source ID), Destination ID (e.g. Layer-1 destination ID) and HARQ process ID.
Proposal 15: Rx UE should determine whether the transmission is a new transmission or a retransmission based on whether NDI of the same cast-type, Source ID (e.g. Layer-1 Source ID), Destination ID (e.g. Layer-1 destination ID) and HARQ process ID is toggled.
Proposal 16: 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.
Proposal 16a: For unicast/groupcast communication, the Tx UE’s MAC needs to report the latest sidelink HARQ feedback status (i.e. ACK or NACK) to the gNB if requested (e.g. corresponding PUCCH resource has been configured).
Proposal 17: For both mode1 and mode2 UEs, the Tx UE’s MAC shall release the unused resource(s) and stop retransmission when it deems the Rx UE(s) has successfully received the TB.

Proposal 18: For mode1 Tx UE, for each SL transmission the MAC shall always instruct the PHY layer to feedback SL HARQ status, whether the Tx UE really send feedback on UL is pending on RAN1.
Proposal 19: For the Tx UE, when the previous transmission is NACK, the Tx UE’s MAC (e.g. HARQ entity) shall instruct the sidelink process to trigger the retransmission.
Proposal 20: For mode2 Tx UE, if the latest feedback is NACK and having no retransmission resources, it shall trigger the retransmission resource reservation.

Proposal 21: For Rx UE’s MAC, it shall always instruct the PHY layer to send SL feedback for each SL reception, whether the Rx UE really send the SL feedback is pending on RAN1.

Proposal 22: For Rx UE’s MAC, RAN2 to decide which option is adopted for the instruction from MAC layer to PHY layer:

· Option1: Instruct the PHY layer to generate acknowledgement(s) of the data in this TB if necessary.

· Option2: Generate a positive acknowledgement (ACK)/negative acknowledgement (NACK) of the data in this TB
Proposal 23: 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: the V2X Control Function configure via pre-configure.

Proposal 24: For unicast/groupcast, the Tx-UE shall configure/forward the HARQ enable/disable to Rx-UE.
Proposal 25: For unicast/groupcast, RAN2 to support both SL-RRC and SCI for the configuration from Tx-UE to Rx-UE.

Proposal 26: 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
Proposal 27: RAN2 to agree applying all the above proposals also for groupcast option1&2.
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Step1：Tx UE ->Rx UE1, HARQ process ID1, new transmission（data1）（NDI=0）；Rx  UE1->Tx UE,ACK；
Step2：Tx UE ->Rx UE2, HARQ process ID1, new transmission（data2）（NDI=1）；Rx  UE2->Tx UE,ACK；
Step3：Tx UE ->Rx UE1, HARQ process ID1, new transmission（data3）（NDI=0）；
       Rx  UE1 will incorrectly regard data3 as a retransmission of data1.



Step1：Tx UE1 ->Rx UE1, HARQ process ID1, new transmission（data1）（NDI=0）；Rx  UE1->Tx UE1,ACK；
Step2：Tx UE1 ->Rx UE2, HARQ process ID1, new transmission（data2）（NDI=1）；Rx  UE2->Tx UE1,ACK；
Step3：Tx UE1 ->Rx UE1, HARQ process ID1, new transmission（data3）（NDI=1）；
       Rx  UE1 can correctly determine that data3 is a new transmission data.



Step1：Tx UE1 ->Rx UE1, HARQ process ID1, new transmission（data1）（NDI=0）；Rx  UE1->Tx UE1, NACK；
Step2：Tx UE2 ->Rx UE1, HARQ process ID1, new transmission（data2）（NDI=1）；Rx  UE1->Tx UE2,ACK；
Step3：Tx UE1 ->Rx UE1, HARQ process ID1, retransmission（data1）（NDI=0）；
       Rx  UE1 can correctly determine that data in step3 is a retransmission of data1 in step1.



Unicast connection 1:
TB 1 using HARQ process 1
Unicast connection 2:
TB 2 using HARQ process 1
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