3GPP RAN WG2 Meeting #108
R2-1914867
Reno, USA, 18th – 22nd November 2019

Agenda Item:
6.4.2
Source:

InterDigital Inc., Apple, OPPO, Ericsson, Mediatek, CATT, Convida Wireless, Spreadtrum, Fraunhofer HHI, Fraunhofer IIS
Title:
Need for Range Restriction for LCP
Document for:
Discussion, Decision

1 Introduction
In RAN2#107[1], (pre)configuration of transmission range to SLRB mapping was agreed: 
2-3: Transmission range to SLRB mapping is considered as one of the SLRB parameters for configuration.

In RAN2 #107bis [1] the need for an LCP restriction for Minimum Communication Range (MCR) was discussed without any conclusion.  In this contribution, the need for such restriction is discussed and details of how range restriction is provided are described.  
2 MCR Restriction for LCP
Upper layers associates a PC5 QoS context (which includes a PQI and optionally MCR), to each flow [3].  MCR is applicable to groupcast flows only.  A UE can therefore be configured by upper layers with groupcast flows associated with the same groupcast destination L2 ID that have different MCR. The UE would then map different flows corresponding to similar QoS and MCR requirements to a SLRB (and consequently a LCH) based on (pre)configuration.  
In the PHY layer, MCR is signalled by the TX UE and used by the RX UE in (at least) groupcast option 1 HARQ to determine whether or not to send HARQ feedback to the TX UE.  This is to ensure that HARQ feedback is used to meet the QoS requirements (e.g. reliability) for UEs which lie within the MCR.  When data with different MCR are multiplexed into a TB, the worst case (i.e. largest distance) MCR of the data multiplexed by the MAC layer into the TB would need to be signalled since it requires the RX UE’s within the largest range to provide HARQ feedback.
Observation 1:
When multiplexing LCHs mapped to different minimum communication range (MCR) into a TB, the largest MCR should be signalled to the peer UE in the SCI.

Multiplexing data with very different MCR requirements without a restriction increases the likelihood that most transmitted TBs will have a large MCR requirement.  This would increase the number of HARQ feedback transmissions in the group on average, compared to the case where a restriction is used to group similar MCR requirements into the same TB.  It also increases the average amount of retransmissions performed by the UE, and therefore the overall resource usage of sidelink.
This is shown in the example below, where the UE is assumed to have data to transmit from four logical channels configured with four different MCR (MCR1<MCR2<MCR3<MCR4) and multiplexed into two transmissions.  In case 2, where the transport blocks are assembled to group MCR requirements, the overall area covered by the two transmissions (and consequently the total number of UEs which would respond with HARQ feedback) would be smaller.  As a result, the average amount of retransmissions required would also be smaller.
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Observation 2:
Multiplexing data with large difference in MCR requirements results in larger number of HARQ retransmissions and larger sidelink resource usage on average.
In addition, the UE or the gNB can adjust its transmission parameters (e.g. MCS) so that the transmission can meet its MCR.  To ensure that transmissions have similar MCR requirements, more efficient MCS selection can be performed, where, for example, a more aggressive MCS can be used for transport blocks associated with a smaller MCR. 
Observation 3:
Multiplexing only data with similar MCR allows for more efficient link adaptation by the UE and/or gNB.

Furthermore, large MCR requirement may be achieved by performing more HARQ retransmissions and relying on HARQ combining at the RX UE.  In this case, including data with small MCR within the same TB as data with large MCR requirements would result in unnecessary retransmission of the small MCR data which may have been successfully received by the intended UEs without any (or minimimal) HARQ retransmissions.  
In RAN2#107bis, it was agreed to avoid multiplexing packets with and without HARQ enabled to avoid that HARQ-based retransmission is performed on data which does not require any:
2:
LCP will take HARQ A/N enabled/disabled into account, e.g. packet with HARQ enabled will be multiplexed only with packets with HARQ enabled.

The motivation for avoiding TBs that have very different MCR is therefore similar to the motivation for avoiding transmissions having different values of HARQ feedback enable/disable.
Observation 4:
Similar to LCP restriction for HARQ enable/disable agreed in RAN2#107bis, supporting LCP restriction for MCR avoids that data which does not require retransmission is included in a TB in which retransmission is performed. 
To address the above observations, an LCP restriction based on MCR can be considered so that only transmissions with similar MCR requirements are multiplexed together.  Since RAN2 agreed that transmission range to SLRB mapping is considered as one of the SLRB parameters, each SLRB or LCH should be associated with an MCR or range of MCR.  Since MCR has a very small granularity (i.e. meters), it would be more appropriate if the network can associate a SLRB or LCH with a range of MCR.  Furthermore, since flows for unicast and broadcast (as well as some flows for groupcast) may not have a range requirement, or some bearer may not be configured with QoS-to-bearer mapping, e.g., for default bearer, a LCH may be configured without a range requirement.  
Proposal 1:
A UE’s SLRB configuration may optionally contain a range of MCR which defines the transmission range to SLRB mapping.
Proposal 2:
LCP multiplexes only logical channels that have similar range of MCR in SLRB configuration.
The UE could be configured with an allowable range of MCR for a specific grant (similar to how mapping restriction based on PUSCH duration was defined in Rel15 Uu).  Such grant to MCR association, however, has not been yet been defined by RAN1 and there is currently no reason to tie a grant to a specific MCR.
Another way to implement the mapping restriction would be to limit the range of MCR that can be multiplexed in the same MAC PDU.  The UE may select a first LCH for multiplexing into the grant based on priority (as per current LCP) and then restrict additional LCHs which are selected so that large differences in MCR within a TB are avoided.  The UE restriction on LCH selection is then applied to all subsequent LCH after the first selected LCH.  How the UE determines similar MCR (e.g. NW configuration) is an implementation detail that can be further discussed as a next step. 
Proposal 3:
A UE multiplexes LCHs with MCR that have similar MCR as the MCR associated with the first LCH selected by LCP.  FFS how the UE determines similar MCR.
3 Conclusion

In this contribution the following observations were made on MCR restriction for LCP:
Observation 1:
When multiplexing LCHs mapped to different minimum communication range (MCR) into a TB, the largest MCR should be signalled to the peer UE in the SCI.

Observation 2:
Multiplexing data with large difference in MCR requirements results in larger number of HARQ retransmissions and larger sidelink resource usage on average.

Observation 3:
Multiplexing only data with similar MCR allows for more efficient link adaptation by the UE and/or gNB.

Observation 4:
Similar to LCP restriction for HARQ enable/disable agreed in RAN2#107bis, supporting LCP restriction for MCR avoids that data which does not require retransmission is included in a TB in which retransmission is performed. 

Based on these observations, the following conclusions were made:

Proposal 1:
A UE’s SLRB configuration may optionally contain a range of MCR which defines the transmission range to SLRB mapping.
Proposal 2:
LCP multiplexes only logical channels that have similar range of MCR in SLRB configuration.

Proposal 3:
A UE multiplexes LCHs with MCR that have similar MCR as the MCR associated with the first LCH selected by LCP.  FFS how the UE determines similar MCR.
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