3GPP TSG-RAN WG2 #106       












     R2-1907414
Reno, USA, May 13 – 17, 2019                             (Revision of R2-1904879)
Agenda Item:
11.4.2
Source: 
Huawei, HiSilicon
Title: 
Discussion on HARQ support for NR sidelink
Document for:
Discussion and decision

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:

1:
RAN2 will capture L2 packet filtering function with the condition (i.e. if full L1 id is not used in L1 control information). It is FFS whether we need additional filtering function for unicast and groupcast.

2:
Sidelink carrier/resource (re-)selection function is supported in NR MAC at least for NR Sidelink broadcast. RAN2 should further study whether LTE operation can be reused for Sidelink carrier/resource (re-)selection function in NR, considering RAN1 progress.

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.
4:
Sidelink specific LCP is supported at least for NR sidelink broadcast in NR MAC. RAN2 should further study how Sidelink specific LCP will work.

5:
Sidelink Buffer Status Reporting is supported for NR sidelink broadcast, groupcast and unicast in NR MAC.

6:
UL/SL TX prioritization is supported for NR sidelink broadcast, groupcast and unicast in NR MAC. Study potential improvements to UL/SL TX prioritization, if necessary e.g. due to potential impact on QoS.

7:
RAN2 should additionally study whether and how to enhance SR procedure/configuration, MAC PDU format, HARQ/CSI feedback/procedure (for groupcast and unicast) (if there is any stage 2 RAN2 issue), and configured SL grant transmission in NR MAC.
In the RAN1 #Ad-Hoc 1901 meeting, some agreements about sidelink HARQ were further achieved [4]:

	Agreements:

· 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

· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)
Agreements:

· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 

· At least PUCCH is used to report the information

· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource

· FFS transmitter UE and/or receiver UE

· If receiver UE, the indication is in the form of HARQ ACK/NAK

· If transmitter UE, FFS


In the RAN1#96 meeting, some agreements about sidelink HARQ were further achieved [7]:

	Agreements:

· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

Agreements:

· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 

· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.

· RAN1 continues discussion on whether to support report from the receiver UE 

· No inter-BS communication will be considered.

To discuss aspects related to 1st sub-bullet & 2nd bullet during this week -revisit later

Agreements:

· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.


In this contribution, we will discuss issues about HARQ support for NR sidelink, from RAN2 perspective.
2 Discussion

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. For a Tx UE, when a configured sidelink grant is scheduled by the network or selected by the UE itself, such grant and its associated HARQ information will be associated with a sidelink HARQ process. The initial transmission and blind HARQ retransmission will be handled by this sidelink HARQ process. For a Rx UE, when a SCI indicating new transmission is received, a sidelink HARQ process is associated with the SCI. Based on the above analysis, 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 transparent 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 Rx UE, if it belongs to multiple groups, different Destination IDs are needed to receive data from different groups. We think the HARQ process of the Rx UE used to decode the received data should also be associated with the Destination ID for the data. In addition to these two IDs, we think source ID of the Tx UE should also be associated with the HARQ process of the Rx UE, due to the following reason.
In fact, it is not excluded that a UE may maintain multiple unicast connections with several UEs. Taking the following Fig.1 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.1 Illustration of a UE maintaining multiple connections
Proposal 1: For unicast/groupcast communication, each corresponding HARQ process at the Rx UE should be associated with Source ID, Destination ID and HARQ process ID. 
For the Tx UE, assuming only one Source ID will be used at the given time, there is no need to associate the Source ID with each HARQ process at the Tx UE.
Proposal 2: For unicast/groupcast communication, each corresponding HARQ process at the Tx UE should be associated with Destination ID and HARQ process ID.

For the resource allocation for retransmission, there are two different options which can be considered in NR V2X.

· Option1: On Demand allocation

In LTE V2X, only blind HARQ retransmission scheme is used, and the resources for initial transmission and retransmission are determined before the initial transmission, either by the eNB (mode-3) or by the UE itself (mode-4). When HARQ feedback based retransmission is adopted, how to determine the retransmission resources should be considered. In the RAN1 #Ad-Hoc meeting, for unicast in NR SL mode 1, RAN1 has agreed to support that the in-coverage UE can send an indication to gNB to indicate the need for retransmission. In this method, the retransmission resources are scheduled by gNB on demand. This on demand method is useful to improve resource efficiency, but may incur additional end-to-end latency during forwarding the HARQ feedback result to the gNB and waiting for scheduling retransmission resources. Thus, this method may not appropriate for some advanced V2X services with stringent latency requirement.

· Option2: Pre-allocation
In order to support V2X services with stringent latency requirement, we think an alternative method can also be considered. Similar as in LTE, the initial transmission resource and retransmission resources can be determined before the initial transmission. In NR SL mode-1, these resources will be scheduled by gNB, and in NR SL mode-2, the resources should be reserved based on sensing by the Tx UE itself. With this method, the end to end latency can be decreased. However, one drawback for this solution is that the resources may be over scheduled, since the actual number of retransmission is unknown to the Tx UE in advance, so enough retransmission resources should be reserved. 
In the RAN1#96 meeting, the following agreement was achieved [7]:

	Agreements:

· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 


And in the RAN1#96b meeting, the following agreements were achieved [8]: 
	R1-1905834
Revisit the issue 2.4 as in x5834 in RAN1#97
Agreements:

· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.

· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.

· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.

· FFS: whether different transmissions of a TB can take place across multiple configured grants.

· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.




Based on the agreements above, our understanding is that RAN1 has agreed to support both option1 and option2.
Obversation1: RAN1 has agreed to support both option1 (on demand allocation for retransmission) and option2 (pre-allocation for retransmission).

For option1, if the Tx UE thinks the previous transmission is not successfully transmitted (i.e. receiving NACK from Rx UE, or not receiving feedback from Rx-UE), the Tx UE may re-request retransmission resource for mode1/ mode2.
Proposal 3a: For option1, the Tx UE shall re-request retransmission resource when the previous transmission is deemed as failure.
For option2, there are some optimizations to increase resource utilization efficiency, e.g., in case the resources are not used for retransmissions, they can be used by other UEs to reduce resource underutilization at least for mode1.
Proposal 3b: For option2, whether each reserved retransmission resource will be used depends on the HARQ feedback. If the resources are not used, they can be released for use by other UEs at least for mode1.
In the RAN2#104 meeting, RAN2 has agreed to support the case a UE is configured to perform both mode-1 and mode-2 at the same time [6]:

	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 work assumption was confirmed at RAN2#105:

	1-12: Confirm that UE may be configured to perform both network controlled sidelink transmission and UE autonomous sidelink transmission.


When a UE is configured to adopt both mode-1 and mode-2, there exist the following two cases about how to map sidelink carriers to each mode:
· Case 1: intra-carrier mode coexistence. Each carrier will be configured with both mode-1 and mode-2 resource pools.
· Case 2: inter-carrier mode coexistence. Each carrier will be configured with only mode-1 or mode-2 resource pools.
Based on above analysis, for mode-1, when gNB schedules sidelink grant for new transmission or retransmission, the gNB may determine the specific HARQ process and contain the HARQ process ID in the scheduling DCI. 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. For intra-carrier mode coexistence case, the HARQ process maybe conflicted, i.e., when a specific HARQ process is chosen by the Tx UE to handle a mode-2 resource, meanwhile the gNB schedules the same HARQ process to handle a mode-1 resource. To avoid such problem, HARQ processes used to handle mode-1 resources and mode-2 resources shall be differentiated. For inter-carrier mode coexistence case, there is no HARQ process conflict problem, since all HARQ processes associated with a sidelink carrier will be either controlled by the gNB or coordinated by the Tx UE itself.

Proposal 4: For intra-carrier mode-1 and mode-2 coexistence scenario, HARQ processes used to handle mode-1 resources and mode-2 resources shall be differentiated.
3 Conclusion

In this paper, we have discussed some issues about HARQ support in NR sidelink, and have made the following proposals:
Proposal 1: For unicast/groupcast communication, each corresponding HARQ process at the Rx UE should be associated with Source ID, destination ID and HARQ process ID. 

Proposal 2: For unicast/groupcast communication, each corresponding HARQ process at the Tx UE should be associated with destination ID and HARQ process ID.

Obversation1: RAN1 has agreed to support both option1 (on demand allocation for retransmission) and option2 (pre-allocation for retransmission).

Proposal 3a: For option1, the Tx UE shall re-request retransmission resource when the previous transmission is deemed as failure.
Proposal 3b: For option2, whether each reserved retransmission resource will be used depends on the HARQ feedback. If the resources are not used, they can be released for use by other UEs at least for mode1.
Proposal 4: For intra-carrier mode-1 and mode-2 coexistence scenario, HARQ processes used to handle mode-1 resources and mode-2 resources shall be differentiated.
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