3GPP TSG-RAN WG2 Meeting #109e
R2-2000815
Elbonia, 24 February - 6 March 2020

Agenda item:
6.7.3.2
Source:
Nokia, Nokia Shanghai Bell
Title:
Intra-UE Prioritization Considering MAC CEs and Configured Grant Timer
WID/SID:
NR_IIOT-Core
Document for:
Discussion and Decision

1
Introduction
According to the revised WID of NR IIoT [1], the WI should address the following objectives for Rel-16:

	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 (L1 multiplexing of services of different priority is out of scope):

· 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 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 RAN2 #107 [2], it was agreed that only one MAC PDU should be generated when there is sufficient time for the UE to handle two or more colliding grant:

	RAN2 #107 Agreements:
· For The case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated



In RAN2 #108 [3], it was further confirmed that the MAC should select one of the conflicting grants for PDU generation based on the priority of LCHs that have data available and can be mapped to these grants. The specific agreements are: 

	RAN2 #108 Agreements:
· For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. 



In addition to LCH priority which has been agreed, another aspect that has been raised during email discussion on MAC Running CR [4] is whether MAC CE and configured grant timer should also be taken into account for intra-UE prioritization. This paper aims to provide some of our views toward this issue.

2
Discussions

2.1 
Consideration of MAC CEs
Until now, only data and SR have been considered in the intra-UE prioritization discussion, where basically it has been agreed that prioritization is done based on the associated logical channels (LCHs) priority, at least for the case where only one MAC PDU is generated [3]. However, in addition to data only, a MAC PDU could contain MAC CE multiplexed with data or MAC CE only (this may not be a typical case though). This may for instance cause ambiguity for the UE as it is not clear how to define the “highest LCH priority” for a grant that can only carry MAC CEs due to e.g. LCH mapping restriction, because RRC only configures priority for LCHs associated to data but not MAC CEs. Thus, the UE behavior should be defined to address this kind of situations. 

To decide the prioritization among conflicting grants by taking MAC CE into consideration, there could several different options, such as:

1. Prioritization does not account for MAC CEs:
Using this option, MAC does not consider the MAC CEs when deciding which grant to prioritize.  

2. Prioritization based on LCP ordering defined in existing specification:

-    C-RNTI MAC CE or data from UL-CCCH;

-    Configured Grant Confirmation MAC CE;

-    MAC CE for BSR, with exception of BSR included for padding;

-    Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-    data from any Logical Channel, except data from UL-CCCH;

-    MAC CE for Recommended bit rate query;

-    MAC CE for BSR included for padding.
Thus, priority of MAC CE(s) can be directly linked to their LCP order, meaning that all MAC CEs highlighted in yellow have higher priority than data from any LCH (except UL-CCCH), while all the MAC CEs highlighted in green have lower priority than data (except data from UL-CCCH). 

3. Prioritization based on MAC CE contents:

In this option, the contents of certain MAC CEs, such as BSR, could be considered. For examples, the prioritization may take priorities of LCHs/LCGs associating to a BSR into account.
Option 3 requires redefining the priority for at least some of the MAC CEs, for instance based on the corresponding/triggering logical channel(s), which may be too controversial to be discussed for Rel-16, particularly since we are approaching Rel-16 completion. On the other hand, such a change is not needed for Option 1 and Option 2, which makes them much simpler to discuss and agree upon. Between Option 1 and Option 2, we think that Option 1 should be adopted since it guarantees that high-priority data is always prioritized even if there is a pending MAC CE, which is not the case for Option 2, as will be explained next.

The issue with Option 2 is that, the decision on whether to prioritize a grant would need to be done based on the highest priority between MAC CEs and LCHs with data mapped/can be mapped into this grant, which may result in deprioritizing urgent (i.e. high-priority) data. For example, consider the scenario where a MAC PDU containing low-priority data and BSR MAC CE (not for padding) is already delivered to PHY, then due to conflicting grants, MAC needs to decide whether to generate a second MAC PDU to carry some high-priority data that arrived in the meantime. Given that BSR has a higher priority than data from any LCH (except from UL-CCCH), then MAC decides not to generate the second PDU, thus the high-priority data is deprioritized in this case. 

With Option 1, we do not take MAC CE’s priority into account. Considering the same example as before, under Option 1 the second MAC PDU is generated since it contains data that has higher priority than the data in the first MAC PDU, hence the higher-priority data gets prioritized. It is worth noting that this option is in line with our companion paper [5] where we propose that MAC determines if the MAC PDU for the conflicting grant is to be generated and delivered based on LCH priority comparison. For the cases where one of the PDUs is MAC CE-only, one possibility is to consider that the priority of this PDU is always lower than any other PDU that has some data. Further, if both MAC PDUs are MAC CE-only, which should be a corner case anyway, it could be left up to UE implementation to decide which grant to prioritize
The discussion above for Option 1 mainly focuses on the cases where two MAC PDUs are generated. However, there are also cases where only one MAC PDU is generated, i.e. there is enough time to decide which grant to select. For such cases, with Option 1, MAC selects the grant that can take highest priority LCH and builds the PDU without considering MAC CE in the decision.
Based on the above observations and discussions, we propose the following: 

Proposal 1: For cases where no MAC PDU has been generated, MAC selects the grant that can take highest priority LCH and builds the PDU without considering MAC CE in the decision.

Proposal 2: For cases where one MAC PDU is already generated, MAC does not consider the MAC CEs when deciding whether another MAC PDU should be generated and delivered.
· The priority of a MAC CE-only MAC PDU is always lower than the priority of any other MAC PDU that has some data.
· If both MAC PDUs are MAC CE-only, it is up to UE implementation to decide which one to prioritize.
2.2 
Consideration of Configured Grant Timer
Another factor that could be considered is configured grant timer. When dealing with conflicts involving a CG, using the CG occasion may be forbidden as the configured grant timer of the related HARQ process is running. That is, the buffer of HARQ process associating to this CG occasion is already occupied by TB of another earlier transmission. 
From our point of view, when the configured grant timer is running, then basically all CG occasions relating to this HARQ process are not to be considered as “valid” resources that the UE can use. Hence, when dealing with conflict between a grant and one of such CG occasions, this is tantamount to the situations without any PUSCH conflict. That is, the MAC may neglect the CG occasion restricted by the configured grant timer, and process another overlapping grant directly. 

Some of the proposals suggested that, even if the configured grant timer is running, if we have new data arrived and the priority of which is higher than that of the data in the TB stored by the HARQ buffer, then we should allow the MAC to process the CG occasion and overwrite the existing TB, in order to facilitate more rapid transmission of higher priority data. Although in principle we think it makes some sense, adopting such feature may trigger a lot of debates that would potentially delay Rel-16 schedules. In light of this, we intend not to take such enhancement into account for the time being, but indeed we agree that enhancements relating to configured grant timer are worth considering in the near future.
Proposal 3: Enhancement relating to Configured Grant Timer is not considered for intra-UE prioritization in Rel-16.
3
Conclusions
This contribution provides our opinions on whether MAC CE and configured grant timer should be taken into account for intra-UE prioritization. 

We have the following proposals for MAC CE-related issues:
Proposal 1: For cases where no MAC PDU has been generated, MAC selects the grant that can take highest priority LCH and builds the PDU without considering MAC CE in the decision.

Proposal 2: For cases where one MAC PDU is already generated, MAC does not consider the MAC CEs when deciding whether another MAC PDU should be generated and delivered.
· The priority of a MAC CE-only MAC PDU is always lower than the priority of any other MAC PDU that has some data.
· If both MAC PDUs are MAC CE-only, it is up to UE implementation to decide which one to prioritize.
On the other hand, regarding whether configured grant timer should be considered, we propose that:

Proposal 3: Enhancement relating to Configured Grant Timer is not considered for intra-UE prioritization in Rel-16.
References
[1] RP-192324, Revised WID: Support of NR Industrial Internet of Things (IoT), Nokia, Nokia Shanghai Bell, RAN Plenary #85, Newport Beach, USA, Sept. 2019.

[2] RAN2 #107 Chairman’s Notes
[3] RAN2 #108 Chairman’s Notes
[4] R2-1916352, MAC Running CR for NR IIOT, Samsung, Reno, USA, Nov. 2019.
[5] R2-2000814, Intra-UE Prioritization for conflicts with existing MAC PDU, Nokia, Nokia Shanghai Bell, Elbonia, Feb. 2020.
