3GPP RAN WG2 Meeting #105bis
R2-1904216
Xi'an, China, 8th April -  12th April 2019

Agenda Item:
11.4.2
Source:
InterDigital Inc.
Title:
On Mode 1 Scheduling for NR V2X
Document for:
Discussion, Decision

1 Introduction
In RAN #83, a new WI was agreed for NR V2X.  As part of the work item, support for NW scheduled (mode 1) resource allocation should be designed[1]:
· Resource allocation [RAN1, RAN2]

· Mode 1

· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome

In this contribution, we consider MAC layer aspects mode 1 for the case of NR Uu scheduling NR sidelink.  Specifically, we discuss the differences compared with LTE mode 3 that are expected in sidelink BSR reporting and MAC layer multiplexing for NR mode 1.
2 MAC Layer Aspects of Mode 1 Scheduling
2.1 Sidelink BSR Reporting
In LTE V2X, a UE reports its buffer status to the network for mode 1 scheduling with a sidelink BSR containing a destination index, LCG, and buffer size.  Similarly in NR, it was agreed in the SI that the sidelink BSR will contain at least the destination information, LCG, and buffer size. How this information is derived, and whether additional information is required will depend on the new aspects in NR V2X.
An NR V2X UE can have data for any of unicast, groupcast, or broadcast.   While these transmissions may have different characteristics at the MAC (e.g. resource selection behaviour) and PHY (e.g. use of feedback) layers, the UE behaviour related to reporting pending and/or new data at the UE should be independent of the cast.  As a result, a single BSR reporting procedure should be possible, and the UE can send buffer status associated with all casts in a single message.    
Proposal 1:
A UE reports a single BSR that contains buffer status associated with unicast, groupcast, or broadcast.

In LTE V2X, buffer status corresponding to different destinations is reported by associating a destination index to each buffer status reported in BSR.  The destination index has a one-to-one mapping with one of the L2 destination IDs configured in the UE by upper layers and reported by the UE in SidelinkUEInformation.
For NR V2X, in addition to L2 destination ID for groupcast, a UE can be configured by upper layers with destination IDs specific to unicast and groupcast.  The destination IDs used by unicast, groupcast an broadcast are expected to use a separate address space, as discussed by SA2 [2].  The UE can therefore link each unicast/groupcast/broadcast destination ID to a unique destination index and report the destination index in the BSR, without explicitly including any “cast” information.   The destination index to destination address mapping can be derived from information in RRC signalling so that the mapping is common between UE and gNB.  
Proposal 2:
Destination index in BSR is mapped to a unicast, groupcast, or broadcast destination address based on RRC signalling (e.g. SidelinkUEInformation and/or other message).
For the case of broadcast, a mapping of destination index to L2 destination ID can be derived from the configured L2 destination IDs reported at RRC connection establishment, as in LTE.  For unicast or groupcast, in order to be able to re-use destination IDs, the upper layers may only assign the destination ID at the establishment of the link/group.  These details depend on further discussions in SA2, and impact when the destination index to destination ID mapping is performed by the UE and indicated to the gNB.
Proposal 3:
Send LS to SA2 to ask how/when destination ID for a unicast and groupcast is provided to the AS layer.

The LCG field in the BSR implicitly reports the QoS information associated with the buffered data, and how it is determined will depend on the QoS model.  NR V2X will use a flow-based model for unicast, and per-packet based for groupcast and broadcast.  The per-packet model is used in LTE V2X; a mapping of per packet QoS parameters (PPPP and PPPR) to LCG is configured by the network.  Mapping of QoS to LCG is used because the gNB is unaware of the number of logical channels at the UE, making a grouping of logical channels to LCG impossible.
The same applies for per-packet based broadcast and groupcast in NR V2X.  In NR V2X, the LCG should be derived from the NR QoS parameters.  
Proposal 4:
For groupcast and broadcast, the UE is configured with a mapping of between one or more QoS parameters and a LCG.

For NR, PQI, minimum communication range, and data rate have been agreed as QoS parameters.  RAN1 is currently discussing how to use the minimum communication range to ensure reliable communications.  The TX UE can employ the minimum communication range parameter (range parameter) to set appropriate values of TX power, MCS as well as configuring HARQ feedback, for example.  The details of such use is of course up to RAN1.

When a UE is configured with Mode 1, the network performs scheduling and TX parameter selection.  It is therefore up to the network to ensure reliable communication over the configured minimum communication range.  To achieve this, the gNB needs the range parameter provided by the UE upper layers and associated with the buffer size.  The same applies also to data rate and PQI.
Proposal 5:
For groupcast and broadcast, sidelink BSR informs the network of the PQI, minimum communication range, and data rate of buffered data.

On the other hand, the flow-based QoS model for NR V2X unicast is very similar to the Uu case.  One or more QoS flows are established by the upper layers and a SLRB is established using AS layer signaling.  Data for that SLRB will be expected as long as the upper layers maintains the flow.  In this case, mapping a LCG to a SLRB is possible.  
Proposal 6:
For unicast, the UE is configured with a mapping between logical channel and LCG.
2.2 Data Multiplexing in MAC

In LTE V2X, MAC layer multiplexing is based on a logical channel prioritization defined specifically for sidelink.  In the SL-SCH LCP, the UE does not map data intended for different ProSe destinations into the same MAC PDU.  For a given V2X sidelink transmission associated with a ProSe destination, the sidelink logical channels for that ProSe destination are served in order of decreasing priority until the grant or the data for the SL logical channels is exhausted.  Priority is determined by the PPPP, which is also tied to a latency or packet delay budget (PDB).
For NR V2X, a similar restriction on destination ID should exist for data associated with different casts (e.g. unicast vs broadcast), since the PHY layer may treat such transmissions differently.  Specifically, data associated with unicast will require HARQ feedback by the peer UE.  Logical channel associated with unicast should therefore be separate from groupcast/broadcast.  The MAC layer should therefore be aware of at least the cast type associated with a sidelink grant and multiplex only transmissions of logical channels with the same cast type in that grant.
Proposal 7:
The MAC layer is aware of cast associated with a grant.

Proposal 8:
Data associated with different casts are not multiplexed in the same MAC PDU
Furthermore, in addition to priority/latency, NR needs to support reliability, data rate and minimum communication range.   The reliability and minimum communication range requirements may need to be supported through appropriate selection of transmission parameters such as MCS or TX power,  A grant provided to the UE may therefore be suitable to certain reliability and/or range, and it would be preferable to restrict the logical channels which can use such grant.  Finally, for data rate, LCP can take into account parameters such as guaranteed bit rate, similar to Uu.  

Proposal 9:
Sidelink LCP supports LCH mapping restrictions to ensure that reliability and minimum communication range requirements applicable to a LCH are satisfied. 
3 Conclusion

In this contribution the following conclusions were made on design of mode 1 scheduling:
Proposal 1:
A UE reports a single BSR that contains buffer status associated with unicast, groupcast, or broadcast.

Proposal 2:
Destination index in BSR is mapped to a unicast, groupcast, or broadcast destination address based on RRC signalling (e.g. SidelinkUEInformation and/or other message).

Proposal 3:
Send LS to SA2 to ask how/when destination ID for a unicast and groupcast is provided to the AS layer.

Proposal 4:
For groupcast and broadcast, the UE is configured with a mapping of between one or more QoS parameters and a LCG.

Proposal 5:
For groupcast and broadcast, sidelink BSR informs the network of the PQI, minimum communication range, and data rate of buffered data.

Proposal 6:
For unicast, the UE is configured with a mapping between logical channel and LCG.

Proposal 7:
The MAC layer is aware of cast associated with a grant.

Proposal 8:
Data associated with different casts are not multiplexed in the same MAC PDU

Proposal 9:
Sidelink LCP supports LCH mapping restrictions to ensure that reliability and minimum communication range requirements applicable to a LCH are satisfied. 
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