
3GPP TSG-RAN WG2 Meeting #105bis                                                 R2-1903144
[bookmark: _GoBack]Xi’an, China, 08th - 12th April 2019 
                                   
Source:	CATT 
[bookmark: Title]Title:	Prioritization rule for SR-PUSCH collision
[bookmark: Source]Agenda Item:	11.7.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN# 83 meeting, WID IoT was agreed [1]. And one of the objectives is:
----------------------------------------------------------------------------------------------------------------------------
         2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].
----------------------------------------------------------------------------------------------------------------------------
In this document, further analysis addressing resource collision between SR and PUSCH is studied and solutions are provided.
Discussion
[bookmark: _Ref4442342]Further clarifications on the scenario
This scenario can be further split into two cases:
Case 1: The SR was triggered after the MAC PDU for PUSCH was assembled
In this case the PUSCH does not include a BSR reflecting the buffer status of the LCH that triggered the SR[footnoteRef:1]. Since waiting for the next SR occasion on PUCCH might not be acceptable for the triggering LCH, the on-going PUSCH transmission might be cancelled in favour of the PUCCH-SR. Thus (at least) MAC-level solutions for prioritizing PUCCH-SR over PUSCH are needed to address this case. It should be further noted that in this case, the BSR can only be sent as a follow-up of an SR procedure occurring either in preemption of the current PUSCH transmission or after it. In both cases, both the latency and reliability criterions for sending the BSR are under scheduler control, upon receiving the SR. Hence, for this Case 1, the only criterion for running the prioritization, from MAC perspective, is the priority of the LCHs involved in the collision, as also captured in the current TR and further discussed in Section 2.2.1. [1:  Note this also includes the case where the SR was triggered before the processing deadline for assembling the PUSCH but the PUSCH is for a re-transmission.] 

Proposal 1: LCH-priority criterion is used for the SR/PUSCH prioritization rule when the SR was triggered after the MAC PDU for PUSCH was assembled. 

Case 2: The SR was triggered before the MAC PDU for PUSCH was assembled
This may correspond e.g. to the case where the PUSCH resources do not meet the LCP mapping restrictions configured for the logical channel that triggered the BSR [2] or when the PUSCH was scheduled after the SR was triggered. In Rel-15, PUSCH containing UL-SCH is prioritized over PUCCH which makes sense since PUSCH will embed the BSR. But when SR is for some URLLC LCH, it is questionable whether it is reasonable to multiplex it in a “long” PUSCH transmission which will delay the BSR reception by the NW. Hence, the question is whether sending an SR can be faster e.g. if the NW schedules a preempting shorter PUSCH specifically addressing the SR. There are two possible sub-cases:
· SR overlapping with a single-slot PUSCH: to evaluate the feasibility of a faster SR procedure than the PUSCH transmission, we consider the case where the starting symbol of SR collides with that of a low priority PUSCH as shown in Figure 1. Here we assume that the gNB SR processing is same as that of a UE processing of a PDSCH (i.e. N1) and we assume the values for 30KHz SCS according to UE capability 2 in TS38.214. It can be seen that even having a PDCCH occasion immediately after gNB SR processing, the earliest PUSCH symbol resulting from the SR processing is the last symbol of the slot n, so there is no benefit of not multiplexing the BSR on the PUSCH.
· SR overlapping with a multi-slot PUSCH: referring again to Figure 1, assume that a lower priority PUSCH is configured with 2-slot aggregation i.e. in both slots n and n+1. Then if the SR occasion occurs after the starting symbol of the PUSCH in slot n, with Rel-15 design, it cannot be multiplexed in the PUSCH in either slot n or n+1 and would have to wait until the end of the second repetition. However, we believe RAN2 should differ the discussion on this usecase since 1) it might be rare in TSC networks and 2) RAN1 may also discuss this with potential PHY-based solutions.


[bookmark: _Ref435102]Figure 1: PUSCH/PUCCH-SR collision when SR was triggered before MAC PDU assembly
Observation 1: There is no point, latency-wise, in prioritizing a PUCCH-SR over a PUSCH transmission including a BSR reflecting the buffer status of the LCH that triggered the SR.
However the latency may not be the only criterion and the reliability is also a key criterion of URLLC for IIoT [3]. And it can be that even in the above single-slot PUSCH allocation, the PUSCH MCS may not meet the reliability constraints of the URLLC LCH that triggered the SR, which is another case where the PUCCH-SR could take priority over the PUSCH.
Proposal 2: Reliability criterion is used for the SR/PUSCH prioritization rule when the SR was triggered before the MAC PDU for PUSCH was assembled. 
An associated solution is further discussed in Section 2.2.2.
Solutions for colliding PUSCH and PUCCH-SR
[bookmark: _Ref4441815]Priority-based solutions
The study item concluded in Section 5.3.2 of the TR [4] that such resource conflicts could be addressed by MAC, with a prioritization rule based on SR and PUSCH priorities:
	Possible solutions include to define a prioritization handling rule to determine whether to transmit SR or PUSCH based on e.g. the priority of the LCH which triggers the SR and priorities of the data to be transmitted on the PUSCH resource.


However, as shown in Section 2.1, such approach is to be used only when the SR was triggered after the MAC PDU for PUSCH was assembled. Figure 2 elaborates the details of applying such principle, also accounting for the case where the PUSCH is for a re-transmission.


[bookmark: _Ref4431074]Figure 2: Optimal priority-based solution
Similar to the discussion of scenario 3 [4], such approach requires running a “virtual” LCP for PUSCH that may not result in any MAC PDU. Since scenario 3 involves two LCPs that may run multiple times, we propose in this context a low-complexity solution based on a generic, UE-specific, priority threshold priorityThreshold, commonly used for all prioritization rules. With this approach, the prioritization rule of Figure 2 simplifies to that of Figure 3.
[image: ]
[bookmark: _Ref4431992]Figure 3: PUSCH/PUCCH-SR prioritization based on a generic priorityThreshold
Proposal 3: RAN2 should consider a low-complexity prioritization rule where the SR priority is compared with a generic priority threshold.
[bookmark: _Ref4442425]Reliability-based solutions
As shown in Section 2.1, such approach is to be used only when the SR was triggered before the MAC PDU for PUSCH was assembled, in which case the PUSCH can include the BSR that triggered the SR. However, a BSR should not be allowed to be included in a PUSCH transmission if the latter does not meet the reliability requirement of the LCH that triggered the BSR, in which case sending a PUCCH-SR is more secure.
Proposal 4: A BSR is not assembled in a MAC PDU if the associated PUSCH does not meet the reliability requirement of the LCH that triggered the BSR.
In our companion contribution [6] we propose, in generic support of IIoT traffic, to extend the Rel-15 LCP channel mapping restriction parameter set to also include a reliability parameter to prevent an URLLC LCH with stringent reliability requirement to be carried over a non-reliable PUSCH destined to eMBB traffic. The MCS signalled in the UL grant characterises the PUSCH reliability and is the natural choice for this new parameter.
Proposal 5: A maximum MCS an LCH can use, maxMCS, characterizes its reliability requirement, which also applies to the BSR it triggers.
Conclusion
This contribution discusses the solutions for resources conflicts between SR and PUSCH. The resulting proposals are as follows:
Proposal 1: LCH-priority criterion is used for the SR/PUSCH prioritization rule when the SR was triggered after the MAC PDU for PUSCH was assembled. 
Proposal 2: Reliability criterion is used for the SR/PUSCH prioritization rule when the SR was triggered before the MAC PDU for PUSCH was assembled. 
Proposal 3: RAN2 should consider a low-complexity prioritization rule where the SR priority is compared with a generic priority threshold.
Proposal 4: A BSR is not assembled in a MAC PDU if the associated PUSCH does not meet the reliability requirement of the LCH that triggered the BSR.
Proposal 5: A maximum MCS an LCH can use, maxMCS, characterizes its reliability requirement, which also applies to the BSR it triggers.
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