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Introduction

During RAN2 #106 meeting, RAN2 received one LS from RAN1 on how to perform HARQ feedback for groupcast, within this LS, two options were proposed[1]:

In HARQ feedback for groupcast,

When Option 1 is used for a groupcast transmission, it is supported 

all the receiver UEs share a PSFCH

FFS: a subset of the receiver UEs share a PSFCH

FFS: all or a subset of receiver UEs share a pool of PSFCH.

When Option 2 is used for a groupcast transmission, it is supported 

each receiver UE uses a separate PSFCH for HARQ ACK/NACK.

FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission

FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)

FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission

Note: Each PSFCH is mapped to a time, frequency, and code resource.

RAN2 concluded that with option 1 minor impact would be introduced, while majority argument is now existing in option 2. Therefore, we bring further discussion for option 2, especially how to minimize the impact to RAN2.

Discussion
Analysis to the options
To prevent making the issue over-complicated, the discussion below will be based on RAN1’s baseline agreement:

Option 1, all RX UEs only do NACK feedback on a common PSFCH;

Option 2, RX UEs do both ACK/NACK feedback, while each RX UE uses a separate PSFCH for HARQ ACK/NACK.

in which the FFS options will be omitted.
Both options are anticipated to bring higher reliability of groupcast transmission due to the real-time feedback. While in option 1 all RX UEs only transmit NACK on a common PSFCH, the TX UE may re-transmit after detecting on whether NACK is received. From RAN2 perspective, option 1 is easily to perform with minimized RAN2 spec impact. One issue raised if only option 2 is applied is that it can not deal with the DTX problem, in which case the RX UE might not be able to resolve the SCI/PSCCH properly, thus no NACK indication will be seen at all. In order to solve DTX issue, option 2 is introduced.
Option 2 requires each UE to use a separate PFSCH resource for HARQ feedback, therefore each RX UE will do either NACK, ACK or nothing on the UE specific feedback resource. In details,

Observation 1  From RAN1’s perspective, the DTX problem should be the core issue to solve by introducing option 2.
If Rx UE can receive packet correctly, it will transmit ACK on this PSFCH resource.

If Rx UE cannot receive packet correctly, it will transmit NACK on this PSFCH resource.

If Rx UE cannot detect any signal, even SCI, it will transmit nothing on this PSFCH resource.

According to this principle, the DTX issue will be solved by option 2.
However, there are some additional issues considering the standard impacts after introducing option 2.
Issue 1: Because in option 2, each Rx UE require one dedicated PSFCH resource. Corresponding, the larger the V2X group is, more PSFCH resource is required. If the group is too large, there will not be enough PSFCH resource to allocate to each member UE.
Issue 2: So far it is not agree to make AS layer be aware of any group member information in AS layer, therefore, it is hard to make any entity allocate PSFCH resource to each group member in AS layer.

Issue 3: It is agreed in RAN2 that there is no 1:M PC5 RRC connection in NR V2X groupcast, then even the group leader is aware of each group member in AS layer, it is also a difficulty to make group leader separate PSFCH resource within the group reliably.

Observation 2  After introducing option 2, more severe issues will be introduced, such as the PSFCH resource number limitation, how to acquire group member information in AS layer, as well as how to separate PSFCH resource within the group in AS layer.

However, if most companies thought DTX issue should anyway be solved, in the following, we will try to propose some solution to implement option 2 with minimized RAN2 impact.
Solution with minimized impact
To make sure that each RX UE has its own unique feedback resource (or PSFCH for HARQ ACK/NACK), as option 2 requires, there should be a centralized unit in charge of the feedback resource allocation, or the allocation mechanism provisioning. 

	Agreements:

At least for the case when the PSFCH in a slot is in response to a single PSSCH:

Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:

Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH

Sub-channel(s) (FFS details) associated with PSCCH/PSSCH

Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback

FFS detailed applicability of the above parameters 

FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)




According to RAN1’s current progress, for both option 1 and option 2, Rx UE will deduce its PSFCH resource through an implicit mechanism. In details, for time domain, there may be a configured time gap between PSFCH resource location and PSSCH resource location. For frequency domain, there may be a resource location index, each group member will know its own resource location index in option 2. In order to achieve this, the group member should also be indexed within each NR V2X group. Therefore, each group member will use its group index to map to frequency resource index, so that to find its dedicated resource location.

In order to index each group member, it can be implemented either from application layer, or from AS layer.

Proposal 1: In order to achieve option 2, all group members within a NR V2X group should be index so that each group member will use its group index to map to frequency resource index.

Observation 3: In order to index each group member, it can be implemented either from application layer, or from AS layer.
Application Layer solution
When all group members are indexed in application layer, application layer should pass the index information to AS layer, through the following format:
A complete UE ID list which includes all UE IDs within this group, with a sequence order should be  passed from application layer to AS layer. It needs to be ensured that the order of this UE ID list passed from each member UE’s application layer to its own AS layer, should all be the same. Correspondingly, each member UE will know the same sequence order for all group members.

An explicit index number should be passed from application layer to AS layer. Therefore, each member UE will know its group index in AS layer. However, in some cases, the group is very large, so that the number of group member is more than the number of PSFCH resource in frequency domain. Then some UEs may not be able to select a dedicated PSFCH resource, in order to indicate this, the group size should also be indicated together with the index number from application layer towards AS layer.

An example is shown below that two UE with different Group Member ID will be mapped to two unique feedback resource. If the mapping rule is applied to all UE in the group, option 2 can be achieved.

Observation 4  Option 2 could potentially be achieved if unique UE info, e.g., Group index together with the group size for each UE, or the complete list of Group Member ID is passed down to the AS Layer to help the UE determine its unique feedback resource. 
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Fig. UE with unique Group Member ID that is mapped to a unique feedback resource
 (The HARQ feedback resource in time and frequency domain is only for illustration and will only be determined by RAN1).
AS Layer solution
The AS Layer solution means the group management, including the feedback resource allocation, will be handled locally in AS Layer, and the function goes beyond the feedback resource allocation. This imposes a brunch of functionality requirements to AS Layer, which are listed in the following:

Authentication. Only the UE with group management entity will do the authentication to others ,while other UE needs to provide the info to get authenticated, and the following procedure continues, e.g., feedback resource allocation.
Maintain the group info and allocate the feedback resource for each UE in the group correspondingly.
Distribution of info related group management.
From the standard point of view, the above asks for a redesign on the RRC signaling in AS Layer for groupcast, e.g., function of the RRC entity might include:

Maintain the authentication context of the UE members
Maintain the feedback resource allocation of the UE members
Maintain the AS Layer link context of the UE members

Observation 5  Standard impact to AS Layer/RAN2 will be from 2 aspects: groupcast management functionalities, and the distribution function including the RRC design for groupcast. 

Nonetheless, it has been agreed that no need of 1:M PC5 RRC connection establishment for groupcast in the SI phase (RAN2#105):

Agreements on groupcast:

1: No need of 1:M PC5 RRC connection establishment and RLM/RLF declaration among group members for groupcast. Need of RRC signaling in groupcast manner is to be discussed in WI phase.

2: No any groupcast-specific RLM design which is different from the unicast-specific RLM procedures to be considered, from RAN2 point of view.
A connection-less approach like broadcast is possibly competent for the task, i.e., finishing all the authentication process and distribution of the group management info. Still, the reliability issue with the connection-less approach weakens the significance of the AS Layer solution, i.e., one might argue if such solution could offer better performance than the Application Layer solution.
Observation 6  Connection-less approach possibly works for the group management, however it weakens the advantage brought by AS Layer solution.
Comparison and further considerations
Based on the above analyse, it can be observed that compared to AS layer solution, Application Layer solution provides a scheme of simplicity for option 2, which imposes less standard impacts.

Proposal 2  Application Layer solution brings less standards impact and less workload to RAN2 and related WGs, e.g. SA2 as well. LS SA2 for FFS Application Layer Solution.
A synergy among working groups in 3GPP to implement an Application Layer solution is needed though. For example, which parameter or set of parameters should be passed down to lower layer, rather than only the Application-layer V2X Group identifier; and correspondingly the parameters shall be passed down to AS layer from the V2X Layer. 

Moreover, it has been observed that from the security perspective, similar parameter shall be passed down to AS Layer as well (it’s been already been defined in the ProSe Security process that a unique Group Member Identity is configured to the UE by ProSe Key Management Function, and provided to the UE PDCP layer for security function in AS Layer), therefore a holistic analyse together with SA3 shall be taken to tackle this issue and avoid redundant work.
Potential requirements will be imposed to Application Layer. It is however out of the the scope of 3GPP.
Proposal 3  Synergy with other WGs, e.g., SA2, RAN1, is needed for the Application Layer solution.
In addition, in NR V2X, a new QoS parameter shall be considered at least for groupcast. Within certain use case, a “range” parameter is passed down to AS Layer, specifically PHY Layer, to help to determine if HARQ feedback will be carried out considering the distance between RX UE and TX UE.  

This might bring the issue that while a UE has been allocated its feedback resource based on the Application Layer solution, it might not be using it when it is drifting away from the TX UE and beyond the range, which could result in ambiguity that the TX UE won’t be able to distinguish it from the UE with DTX problem.

Such issue roots in the non-ideal sync between Application Layer and the AS Layer PHY layer. 

Observation 7  When Application Layer solution, and ‘range’ parameter are simultaneously applied in the groupcast feedback process.
Observation 8  If option 2 is applied, when Rx UE is drifting away from the Tx UE and beyond the range scope, the Rx UE does not need to perfrom HARQ feedback. But Tx UE will regard this Rx UE having DTX issue, which will cause a mis-aligment between Tx UE and Rx UE.
This could be resolved by UE implementation, however it is proposed to clarify it in the early stage from the standard point of view. Here we category the cases into two, as also stated in TR 23.786:
Groupcast communication with relatively fixed group UE member, e.g., Platooning.
Groupcast communication with dynamic group management, e.g., Sensing info sharing.
In the first case, like Platooning, reliability is pursued for all UE members and the joining in or leaving is a rather slow process. It is proposed that range parameter shall not be used in such case, however if the range parameter is still passed down to AS Layer, the feedback behaviour shall not be determined by the range parameter. As for the second case, like sensing info sharing as the groupcast targeted case, it is proposed that option 2 is not feasible and only option 1 shall be applied.
Proposal 4  Option 2 can only be applied if there is no range-based HARQ feedback.

Proposal 5  Only option 1 shall be applied, when the range parameter is one of the determining factor in the group feedback process.

PSFCH resource configuration

According to RAN1 agreement, the PSFCH will be used to convey SFCI for sidelink unicast and groupcast. In addition, the following agreement had been made for PSFCH resource configuration:

	RAN1 96 bis
HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool


According to RAN1 agreement, the PSFCH used for HARQ feedback should be sent in the same resource pool as data transmission. However, it will cause some difficulty for understanding. The reason is that the resource pool used for data transmission is configured to Tx UE as a Tx resource pool. However, the HARQ feedback sent on PSFCH is from Rx UE after it receiving the data in an Rx resource pool. Then according to RAN1 agreement, it seems to require Rx UE to send HARQ feedback within an Rx resource pool. On the other hand, Tx UE should corresponding receive HARQ feedback sent from Rx UE within the Tx resource pool.

Observation 9  Data transmission on PSSCH and PSCCH is performed by Tx UE, but HARQ transmission is performed by Rx UE.
However, in LTE V2X, Tx resource pool is used for all kinds of signaling transmission, including both data and SCI, and Rx resource pool is used for all signaling receiving, including both data and SCI. The transmission and reception pool configuration and description is captured in TS 36.300 as below.
	TS36.300 23.10.3.1
Resource Pool for sidelink control information

The resource pools for sidelink control information when the UE is in coverage for sidelink communication are configured as below:

-
The resource pools used for reception are configured by the eNB via RRC, in broadcast signalling;

-
The resource pool used for transmission is configured by the eNB via RRC, in dedicated or broadcast signalling, if UE autonomous resource selection is used;

-
The resource pool used for transmission is configured by the eNB via RRC, in dedicated signalling if scheduled resource allocation is used:


But according to the above RAN1 agreement, the definition of Tx and Rx resource pool should be modified. To be more specific, for Tx UE, the Tx resource pool is used for signaling transmission on PSSCH and PSCCH, but used for reception of HARQ feedback on PSFCH. For Rx UE, the Rx resource pool is used for signaling reception on PSSCH and PSCCH, but used for transmission of HARQ feedback on PSFCH.

Proposal 6  RAN2 should consider how to configure PSFCH and define its function within Tx resource pool and Rx resource pool respectively, with respect to RAN 1 agreement.
Conclusion
In this contribution, we have analyzed the pros and cons provided after introducing HARQ feedback option 2, and provide some solutions with minimized RAN2 Spec impact, a brunch of proposals and observations have been made in the following:
Observation 1  From RAN1’s perspective, the DTX problem should be the core issue to solve by introducing option 2.
Observation 2  After introducing option 2, more severe issues will be introduced, such as the PSFCH resource number limitation, how to acquire group member information in AS layer, as well as how to separate PSFCH resource within the group in AS layer.

Proposal 1: In order to achieve option 2, all group members within a NR V2X group should be index so that each group member will use its group index to map to frequency resource index.

Observation 3: In order to index each group member, it can be implemented either from application layer, or from AS layer.
Observation 4  Option 2 could potentially be achieved if unique UE info, e.g., Group index together with the group size for each UE, or the complete list of Group Member ID is passed down to the AS Layer to help the UE determine its unique feedback resource. 

Observation 5  Standard impact to AS Layer/RAN2 will be from 2 aspects: groupcast management functionalities, and the distribution function including the RRC design for groupcast. 

Observation 6  Connection-less approach possibly works for the group management, however it weakens the advantage brought by AS Layer solution.
Proposal 2  Application Layer solution brings less standards impact and less workload to RAN2 and related WGs, e.g. SA2 as well. LS SA2 for FFS Application Layer Solution.
Proposal 3  Synergy with other WGs, e.g., SA2, RAN1, is needed for the Application Layer solution.
Observation 7  When Application Layer solution, and ‘range’ parameter are simultaneously applied in the groupcast feedback process.
Observation 8  If option 2 is applied, when Rx UE is drifting away from the Tx UE and beyond the range scope, the Rx UE does not need to perfrom HARQ feedback. But Tx UE will regard this Rx UE having DTX issue, which will cause a mis-aligment between Tx UE and Rx UE.
Proposal 4  Option 2 can only be applied if there is no range-based HARQ feedback.

Proposal 5  Only option 1 shall be applied, when the range parameter is one of the determining factor in the group feedback process.

Observation 9  Data transmission on PSSCH and PSCCH is performed by Tx UE, but HARQ transmission is performed by Rx UE.
Proposal 6  RAN2 should consider how to configure PSFCH and define its function within Tx resource pool and Rx resource pool respectively, with respect to RAN 1 agreement.
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