
3GPP TSG-RAN2 Meeting #126
R2-2404456
Fukuoka, Japan May 22nd – 26th, 2024
Agenda Item:
8.7.4
Source: 
Xiaomi Communications
Title:  
Discussion on scheduling enhancements of XR traffic
Document for:
Discussion and Decision

1 Introduction
In last RAN2 meeting, we discussed on scheduling enhancements of XR traffic and the latest progress is captured in [1]:
	· RAN2 will study whether/how to resolve the issue of data with low remaining time being delayed due to other data from LCHs with higher LCH priority when using the existing LCP procedure. At least the following alternatives will be studied:

· Alternative 1: Enhance LCP restrictions/LCH selection.

· Alternative 2: Enhance LCH prioritization.

· RAN2 should consider potential impact on traffic from SRBs.

· RAN2 will study enhancing existing DSR with additional information, e.g. multiple pairs of remaining time/buffer information, importance. FFS whether this only includes more information on delay-critical data or also information about non-delay critical data.




In this contribution, we provide some general views on the need for using delay/deadline information, for support of UL scheduling to enable high XR capacity.
2 Discussion
Even though DSR is introduced and gNB will know that for an LCG the amount of data buffered with a remaining time before discard below the configured threshold, together with the shortest remaining time, currently we did not introduce any LCH enhancement for it. Thus, gNB can be aware data pending for transmission in UE is approaching the deadline of PDB, and assign a grant for UE immediately. However, if UE does not prioritize packets transmission approaching the PDB, it still leads to huge amount of data approaching the deadline of PDB. Hence, LCP enhancement is discussed in last meeting and two options are considered. 
The first option is Enhance LCP restrictions/LCH selection. One enhancement is to allow the UE to only select LCHs that are buffered with delay-critical data for an uplink grant without touching the priority configured for each LCH. A option is to introduce a new type of uplink grant dedicated to delay-critical data. The UE should only select the LCHs buffered with delay-critical data for LCP procedures on such grants. However, this approach would need RAN1 to introduce a new type of uplink grant which may have RAN1’s impact. So, we are hesitating to introduce this. Even if a new type of uplink grant is not introduced and a new LCP restriction is adopted to constrain to only the LCHs with delay-critical data when the gNB allocates a UL grant to the UE, the UE will first select the LCHs with delay-critical data during LCP and would possibly starve the SRB. 
Observation 1 Enhance LCP restriction to constrain only the LCHs with delay-critical data would have the risk of starving the SRB.
Proposal 1   Enhance LCP restrictions/LCH selection will not be considered for LCP enhancements for Rel-19 XR.
While for option 2, it does have such problem by adapting the LCH priority of the LCH depending on whether it has delay-critical data. Note that adapting the LCH priority has already been captured in MAC. For example, for BSR triggered by retxBSR-Timer expiry, the MAC entity considers that the logical channel that triggered the BSR is the highest priority logical channel that has data available for transmission at the time the BSR is triggered as show below:

	For BSR triggered by retxBSR-Timer expiry, the MAC entity considers that the logical channel that triggered the BSR is the highest priority logical channel that has data available for transmission at the time the BSR is triggered.


A similar way is that for DSR triggering, the MAC entity considers that the logical channel that triggered the DSR or the logical channel that has delay critical data is the highest priority logical channel that has data available for transmission at the time the DSR is triggered or until the transmission of data is finished. And it does not need to be prioritized over the transmission of MAC CE and CCCH SDU. Then logical channel prioritization is defined in 5.4.3.1 of TS 38.321 will not be impacted.

Observation 2 Adapting the LCH priority has already been captured in MAC for retxBSR-Timer expiry case.

Proposal 2   Enhance LCH prioritization will be considered for LCP enhancements for Rel-19 XR.

· When DSR is triggered, the logical channel that triggers the DSR or the logical channel that have delay critical data will be the highest priority logical channel that has data available for transmission at the time the DSR is triggered.
Another question is within a logical channel, does the UE needs to prioritize packets transmission before PDB exhausts when allocation of resources for a selected logical channel. Currently, UE allocate resources to a logical channel will be restricted by PBR as shown below. Some companies proposed that for logical channel with delay critical data, the PBR will be exempted. However, that would largely impact other logical channels unfairly and lead to more DSR reporting for other logical channels. 
	The MAC entity shall, when a new transmission is performed:

1>
allocate resources to the logical channels as follows:

2>
logical channels selected in clause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>
decrement Bj by the total size of MAC SDUs served to logical channel j above;

2>
if any resources remain, all the logical channels selected in clause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

NOTE 1:
The value of Bj can be negative.


And another way is UE will allocate resources in a decreasing priority order for packets according to the remaining discarding timer. However, since discarding timer is maintained in PDCP, that would introduce additional interaction cross layers. For simplicity, it is not preferred.

Some companies also asked whether we should also consider other factors, e.g. importance except the remaining time. From our understanding, the uplink data will eventually be scheduled when congestion is not happening. If congestion does happen and PSI-based discard is activated, SDUs in PDU sets with low importance do not trigger DSR and are likely to be discarded on time and eventually will not be included in the allocate resources of the logical channel. Hence, we do not see much benefit for consider importance.
Proposal 3   Prioritization within a logical channel (e.g., by remaining timer or by importance) will not be considered
Some companies would like to ensure there is no impact on SRB traffic. As in legacy, the NW can ensure that as the NW can configure the SRB with higher priority and for SRBs, the PRB value can only be set to infinity. Hence, we don’t think LCP enhancements for Rel-19 XR will impact SRB much.
Proposal 4   LCP enhancements for Rel-19 XR will not impact SRB.
Currently, UE’s buffer size status is known by gNB via BSR and DSR, which presenting the all the data and only the delay-critical data. In our standing, since BSR can present both delay-critical data and non-delay-critical data at the same time, then the gNB can easily deferred the data volume of delay-critical data and non-delay-critical data respectively and can gives UE the grant accordingly. 
The first question arises from whether gNB need to have more details on the delay-critical data, e.g., different levels of delay-critical data with different remaining time or importance. Hence some companies proposed to enhance DSR to report more information than one remaining time value. Considering that LCP may not be enhanced to support scheduling enhancement of allocating resources according to the remaining discarding timer or importance, we doubt whether it is needed for gNB to have such accurate information. 
Some companies also proposed to enhance DSR to allow the gNB to be additionally informed of the non-delay critical data buffer status considering that regular BSR may not triggered along with DSR triggering because regular BSR triggering condition is different from DSR. That is true. However, NW can configure either periodic BSR or padding BSR to contain the whole data. So, we do not see the benefit of adding non-delay critical data in DSR. 
Proposal 5    RAN2 is suggest not to enhance existing DSR with additional information (e.g. multiple pairs of remaining time/buffer information, importance, information about non-delay critical data).

3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Observation1   Enhance LCP restriction to constrain only the LCHs with delay-critical data would have the risk of starving the SRB.
Proposal 1    Enhance LCP restrictions/LCH selection will not be considered for LCP enhancements for Rel-19 XR.

Observation 2 Adapting the LCH priority has already been captured in MAC for retxBSR-Timer expiry case.
Proposal 2   Enhance LCH prioritization will be considered for LCP enhancements for Rel-19 XR.

· When DSR is triggered, the logical channel that triggers the DSR or the logical channel that have delay critical data will be the highest priority logical channel that has data available for transmission at the time the DSR is triggered.
Proposal 3   Prioritization within a logical channel (e.g., by remaining timer or by importance) will not be considered

Proposal 4   LCP enhancements for Rel-19 XR will not impact SRB.

Proposal 5    RAN2 is suggest not to enhance existing DSR with additional information (e.g. multiple pairs of remaining time/buffer information, importance, information about non-delay critical data).
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