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1. Introduction
As captured in the new WID of XR [1], scheduling enhancement using delay/deadline information shall be discussed for UL transmission in Rel-19.
	The Rel-19 XR ph3 objectives are as follows:
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105


In this contribution, we will provide our views on the enhancement of UL delay-sensitive scheduling.
2. Discussion
2.1 LCP enhancement for delay critical data.
Current LCP mechanism is based on Bj and strict priority order of LCHs, which means after selecting LCHs based on LCP mapping restrictions, LCHs with higher priority and Bj > 0 shall be served first. Since the remaining delay budget is not taken into account during LCP procedure, delay critical data of a low-priority LCH is likely to be blocked by the non-delay critical data of a high-priority LCH. Even when a UL grant is provided according to the reported delay information in DSR, current LCP mechanism cannot guarantee that delay critical data shall be multiplexed in the corresponding MAC PDU first, which may lead to certain PDUs or PDU Sets exceeding their PDB/PSDB.
For example, LCH1 belonging to LCG1 has a higher priority than LCH2 belonging to LCG2. The delay information of LCG 2 has been reported to the network and a UL grant has been provided accordingly. However, before the LCP procedure is applied to the UL grant, there is buffered data for LCH1 or new data is coming to LCH1. Since LCH1 has higher priority than LCH2, the resources shall be allocated to LCH1 first, which may lead to not enough resources for the delay critical data of LCH2.
Observation 1: Current LCP mechanism does not take remaining delay budget into account, which may block the transmission of delay critical data.
To solve the issue, a delay-awareness LCP mechanism can be introduced. That is, UE shall prioritize the transmission of delay critical data when performing LCP, and the following options can be considered:
· Option 1: For an LCH, delay data and non-delay shall be associated with different priority values.
· Option 2: For an LCH, one priority value is used when it has delay data, and another one is used when it has no delay data.
· Option 3: Different delay levels are associated with different priority values. For example, multiple delay levels can be introduced to distinguish urgent delay data, non-urgent delay data, or non-delay data.
· Option 4: delay critical data shall always be served before non-delay critical data.
· Option 5: The network can dynamically control whether a UL grant shall apply delay-awareness LCP mechanism.
From our perspective, Options 1, 3, and 5 are preferred because they have the least impact on the transmission of other LCHs.
Proposal 1: RAN2 to introduce delay-awareness LCH mechanism, and the following options can be considered:
· Option 1: For an LCH, delay data and non-delay shall be associated with different priority values.
· Option 2: For an LCH, one priority value is used when it has delay data, and another one is used when it has no delay data.
· Option 3: Different delay levels are associated with different priority values.
· Option 4: delay critical data shall always be served before non-delay critical data.
· Option 5: The network can dynamically control whether a UL grant shall apply delay-awareness LCP mechanism.

In Rel-18, the concept of PDU Set has been introduced, and all PDUs belonging to a PDU Set may be needed for the decoding of the corresponding information unit. In this situation, all PDUs belonging to a PDU Set shall share the same delay budget and be discarded as a whole. Similarly, to avoid only part of a PDU Set is multiplexed in a MAC PDU but all PDUs are needed for decoding, which still brings extra delay for a PDU Set, RAN2 should also consider whether to maximize the transmission of a PDU Set during delay-awareness LCP procedure.
Proposal 2: RAN2 considers whether to maximize the transmission of a PDU Set during delay-awareness LCP procedure when all PDUs are needed for a PDU Set.

Regarding the configured UL grant originally for XR traffic, delay-awareness LCP mechanism can be applied to multiplex the delay-critical data with a higher priority. However, there exist other types of periodic traffic (e.g., voice or URLLC service) that are configured with configured UL grant as well. For these services, if delay-awareness LCP is applied to the configured UL grants, delay-critical data of XR traffic may occupy the resources originally reserved for the periodic voice or URLLC traffic, which shall bring extra delay for these services and cause a bad user experience. For this, we propose different configured UL grant configurations can have different strategies for whether to apply delay-sensitive LCP mechanism.
Proposal 3: Different configured UL grant configurations can have different strategies for whether to apply delay-sensitive LCP mechanism.

Similarly, whether to apply delay-awareness LCP mechanism for RAR UL grant should also be considered. To avoid delay-critical data occupying the resources originally assigned for the transmission of Msg3, the following options can be considered:
· The network simply configures UE not to apply delay-awareness LCP mechanism for RAR UL grant, or
· The network dynamically indicates to UE whether to apply delay-awareness LCP mechanism for a dedicated RAR UL grant.
Proposal 4: RAN2 considers whether to apply delay-awareness LCP mechanism for RAR UL grant.

2.2 Delay critical data without UL-SCH resources
In the previous section, we discuss the delay-sensitive LCP mechanism for UL data with UL-SCH resources. However, delay critical data without UL-SCH resources may also suffer extra delay because of the current SR/DSR mechanism.
When a UE has a UL packet whose remaining delay time is almost exhausted, it should quickly notify the gNB that it has delay critical data to be scheduled. However, in the current BSR/DSR mechanism, if there is no UL-SCH resource, UE needs to  “send SR -> receive UL grant 1 and then send BSR/DSR -> receive UL grant 2 and then send the delay critical data”. The delay of such a mechanism is illustrated in Figure 1.
[image: ]
Figure 1: delay of UL data caused by current SR/DSR mechanism
Since the size of a PDU or PDU set for XR service is usually large while the UL grant 1 triggered by SR is small, it is highly likely that UL grant 1 cannot accommodate all the delay critical data. As a result, the UE still needs to wait for UL grant 2 for the transmission of delay critical data. In this case, the round-trip time of the whole procedure may last long and cause the remaining delay budget of delay critical data to be exhausted before it can be transmitted. 
Observation 2: Current SR mechanism may bring extra delay for the transmission of delay critical data without UL-SCH resources.
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Figure 2: delay of UL data if priori-knowledge of delayed buffer size is associated with an SR
As illustrated in Figure 2, if prior knowledge of delayed buffer size is associated with an SR transmission, the gNB will get the expected buffer size information after the reception of the SR and then perform scheduling accordingly. For example, if an SR is associated with a big delayed buffer size, a larger UL grant shall be provided for the delay critical data. Since there is no need to wait for further BSR/DSR and UL grant 2, the latency of delay critical data shall be reduced.
Proposal 5: Priori knowledge of delayed buffer size can be associated with SR transmission to help gNB schedule an appropriate size of UL grant for delay critical data without waiting for further DSR/UL grant.

Summary
[bookmark: OLE_LINK3]This contribution provides our analysis on the enhancement of UL delay-sensitive scheduling, and has the following proposals:
Observation 1: Current LCP mechanism does not take remaining delay budget into account, which may block the transmission of delay critical data.
Proposal 1: RAN2 to introduce delay-awareness LCH mechanism, and the following options can be considered:
· Option 1: For an LCH, delay data and non-delay shall be associated with different priority values.
· Option 2: For an LCH, one priority value is used when it has delay data, and another one is used when it has no delay data.
· Option 3: Different delay levels are associated with different priority values.
· Option 4: delay critical data shall always be served before non-delay critical data.
· Option 5: The network can dynamically control whether a UL grant shall apply delay-awareness LCP mechanism.
Proposal 2: RAN2 considers whether to maximize the transmission of a PDU Set during delay-awareness LCP procedure when all PDUs are needed for a PDU Set.
Proposal 3: Different configured UL grant configurations can have different strategies for whether to apply delay-sensitive LCP mechanism.
Proposal 4: RAN2 considers whether to apply delay-awareness LCP mechanism for RAR UL grant.

Observation 2: Current SR mechanism may bring extra delay for the transmission of delay critical data without UL-SCH resources.
Proposal 5: Priori knowledge of delayed buffer size can be associated with SR transmission to help gNB schedule an appropriate size of UL grant for delay critical data without waiting for further DSR/UL grant.
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