3GPP TSG-RAN WG2 Meeting #112 electronic
R2-2010525
Online, November 2 – 13, 2020
Agenda item:
6.5.3
Source:
Samsung
Title:
PUSCH Carrying Multiplexed UCI in Intra-UE Prioritization
Document for:
Discussion & Decision
1 Introduction

RAN1 has sent an LS [1] on an uplink skipping condition when UCI is multiplexed in a PUSCH resource, with corresponding RAN1 agreement as follows:
	 Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.


This agreement seems to have a conflict with intra-UE prioritization, in particular when an uplink grant whose PUSCH transmission carries multiplexed UCI is de-prioritized. This contribution would like to discuss this issue and how to resolve the mismatch between RAN1 and RAN2 in intra-UE prioritization.
2 Discussion
The RAN1 agreement “the PUSCH with UCI multiplexing from the set cannot be skipped” indicates that PUSCH shall be transmitted regardless of the contents included in the corresponding uplink grant. This looks related with uplink skipping, which implies that if the uplink grant does not have any data to transmit, only padding is included in the uplink grant.

Observation 1. The recent RAN1 agreement indicates that a PUSCH transmission with multiplexed UCI (e.g. HARQ feedback) shall be transmitted regardless of the contents of the corresponding uplink grant.

The benefit of this decision can be considered as minimizing gNB’s blind decoding for PUCCH reception and suspension of other overlapping PUSCH transmissions within the same MAC entity in carrier aggregation. This benefit is from physical layer perspective. On the other hand, it seems to have a conflict with LCH-based prioritization, a MAC functions of intra-UE prioritization in Rel-16 IIOT WI.
The problem is that the PUSCH transmission with multiplexed UCI may not be transmitted. More specifically, MAC entity may not deliver a corresponding MAC PDU to PHY due to the de-prioritization of the uplink grant by LCH-based prioritization. For example in Figure 1, 
1) DG (Dynamic Grant) PUSCH overlaps with PUCCH in time,

2) PHY decides UCI is multiplexed in PUSCH transmission. PUCCH resource is not used.
3) DG is de-prioritized by overlapping CG with high MAC priority by LCH-based prioritization.

4) MAC PDU for DG is not delivered to PHY.

5) PHY does not transmit PUSCH nor PUCCH. UCI transmission is lost.
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Figure 1. LCH-based prioritization and loss of multiplexed UCI [2]
The latest RAN1 agreement is based on the assumption that the MAC PDU for DG will be delivered to PHY and actually transmitted. 

Observation 2. It is possible that PHY decides overlapping PUCCH is multiplexed in PUSCH resource whose uplink grant is de-prioritized by MAC. Then UCI is lost.
The RAN1 agreement is initially targeted to uplink skipping case where it is most likely that the uplink grant is de-prioritized whereas PHY believes the UCI will be sent to gNB. Thus, this case cannot be a corner case and simply ignored. To resolve the cross-WG issue, a simple correction in MAC specification is to allow the transmission of PUSCH carrying UCI and deliver the corresponding MAC PDU to PHY. 
Proposal 1. MAC allows the transmission of PUSCH carrying UCI and deliver the corresponding MAC PDU to PHY.
There may be several options how to resolve it and support Proposal 1, e.g.

Option 1) Uplink grant whose PUSCH carries multiplexed UCI cannot be de-prioritized by other overlapping resources.

Option 2) MAC PDU generation procedure (i.e., 5.4.2.1 in MAC spec) is modified.
In our view, we need to be careful to touch HARQ operation which is already optimally written procedural text. There may be unexpected impact to other functions. Thus, we see Option 1) is the simplest change with less (almost no) impact.

Proposal 2. Uplink grant whose PUSCH carries multiplexed UCI cannot be de-prioritized by other overlapping resources.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following observations and proposals:
Observation 1. The recent RAN1 agreement indicates that a PUSCH transmission with multiplexed UCI (e.g. HARQ feedback) shall be transmitted regardless of the contents of the corresponding uplink grant.

Observation 2. It is possible that PHY decides overlapping PUCCH is multiplexed in PUSCH resource whose uplink grant is de-prioritized by MAC. Then UCI is lost.
Proposal 1. MAC allows the transmission of PUSCH carrying UCI and deliver the corresponding MAC PDU to PHY.

Proposal 2. Uplink grant whose PUSCH carries multiplexed UCI cannot be de-prioritized by other overlapping resources.
TP is proposed in Section 4.
4 TP for 38.321
5.4.1
UL Grant reception

…
If the corresponding PUSCH transmission of a configured uplink grant is cancelled by CI-RNTI as specified in clause 11.2A of TS 38.213 [6] or cancelled by a high PHY-priority PUCCH transmission as specified in clause 9 of TS 38.213 [6], this uplink grant is considered as a de-prioritized uplink grant. If UCI is multiplxed by lower layer in the corresponding PUSCH as specified in TS 38.213 [6], the uplink grant is considered as a prioritized uplink grant.
When the MAC entity is configured with lch-basedPrioritization, for each uplink grant whose associated PUSCH can be transmitted by lower layers, the MAC entity shall:

1>
if this uplink grant is addressed to CS-RNTI with NDI = 1 or C-RNTI:

2>
if there is no overlapping PUSCH duration of a configured uplink grant which was not already de-prioritized, in the same BWP whose priority is higher than the priority of the uplink grant; and
2>
if there is no overlapping PUSCH duration where UCI is multiplexed by lower layers in the PUSCH transmission as specified in TS 38.213 [6]; and
2>
if there is no overlapping PUCCH resource with an SR transmission which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:

3>
consider this uplink grant as a prioritized uplink grant;

3>
consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);

3>
consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).

1>
else if this uplink grant is a configured uplink grant:

2>
if there is no overlapping PUSCH duration of another configured uplink grant which was not already de-prioritized, in the same BWP, whose priority is higher than the priority of the uplink grant; and
2>
if there is no overlapping PUSCH duration where UCI is multiplexed by lower layers in the PUSCH transmission as specified in TS 38.213 [6]; and
2>
if there is no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI = 1 or C-RNTI which was not already de-prioritized, in the same BWP, whose priority is higher than or equal to the priority of the uplink grant; and

2>
if there is no overlapping PUCCH resource with an SR transmission which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:

3>
consider this uplink grant as a prioritized uplink grant;

3>
consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);

3>
consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).

…
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