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1		Introduction
In MAC, resource allocation consists of two rounds. In the second round, UE allocates residual resources to logical channels in decreasing priority order. In this paper, we discuss residual resource allocation for XR. Specifically, when gNB receives delay information and data volume information from UE, gNB allocates residual resources to transmit urgent data in buffers. We also discuss transmission of a whole PDU set and its benefits. 
2		Residual Resource Allocation
In MAC spec, UE allocates resources to logical channels in decreasing priority order. The resource allocation consists of two rounds. In the first round, UE allocates resources to logical channels according to the bucket size associated with the logical channels. The purpose of the first round is to provide a prioritized guaranteed bit rate for the logical channels.   
In the second round, if there are residual resources left from the first round, UE allocates the residual resources to logical channels in decreasing priority order. Different from the first round, UE allocates the residual resources to a logical channel until either the data from the logical channel is exhausted or all the residual resources are exhausted, whichever comes first. 
From the observation above, in the second round, if a high-priority logical channel does not have urgent data to transmit but a low-priority logical channel has urgent data to transmit, UE still allocates residual resources to high-priority channels to transmit non-urgent data first. That may increase the chance to drop urgent data. For example in the Fig. 1, UE allocates residual resources to the high-priority logical channel to transmit non-urgent data 8 and 9 instead of urgent data 8, 12, 13.

  
Fig. 1: Legacy residual resource allocation.
[bookmark: _GoBack]To reduce the chance of discarding PDUs, it is beneficial to introduce an intermediate round between the first round and the second round. In the intermediate round, UE allocates the residual resources to logical channels, in decreasing priority order, to transmit only urgent data. If a logical channel does not have urgent data, the logical channel will not be allocated resources in the intermediate round. For example in Fig. 2, UE allocates residual resources in decreasing priority order. Since high-priority logical channel does not have urgent data, UE allocates residual resources to middle-priority and low-priority channels to transmit their urgent data. After the intermediate round, if there are residual resources, UE performs the second round of resource allocation. 


Fig. 2: Enhanced residual resource allocation.

 Proposal 1: Allocate residual resources to transmit urgent data first before transmitting non-urgent data.  
3		PDU Set Transmission 
In the current MAC spec, when UE receives an uplink grant, it determines the size of the MAC PDU from the grant and allocates resources (i.e. number of bytes to transmit) to logical channels. The number of bytes to include in the MAC PDU from a logical channel is determined by a token bucket associated with the logical channel. Moreover, to avoid segmenting a MAC SDU, MAC also allows UE to include the whole MAC SDU in the MAC PDU, regardless of the token bucket. 
Rel-18 XR supports transmission of application packets via a PDU set. It may happen that there is not enough tokens in the token bucket to transmit a whole PDU set. Since the XR application needs the whole PDU set to process the application packet (e.g. replaying a video frame), XR application needs to wait to receive the rest of the PDU set before it can process the packet, which increases the delay and the chance to misses delivery deadline of the PDU set. It may be beneficial to allow UE to include a whole PDU set in a MAC PDU even if there are not enough tokens in the token bucket.  
Proposal 2: Allow UE to include a PDU set in MAC PDU even if there are not enough tokens in the bucket.    
4		Conclusions
In conclusion, we have the following proposals: 
Proposal 1: Allocate residual resources to transmit urgent data first before transmitting non-urgent data.   
Proposal 2: Allow UE to include a whole PDU set in MAC PDU even if there are not enough tokens in the bucket.   
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