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1	Introduction
In RAN2#119 e-meeting [1], the following agreements for XR-awareness and XR-specific capacity improvement were reached.
	· XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
· RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
· RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)
· 1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).


In this contribution, we will discuss the issues related to LCP to improve system capacity.
2 Discussion
2.1  Introduction to current LCP procedure
In current specification [2], after UE obtains an UL grant for a new transmission, firstly UE will select the logical channels for the UL grant based on the transmission information of the UL grant and the mapping restrictions of logical channel, and then UE will allocate resources to the selected logical channels based on the priority and Bj of the selected logical channels, as shown in Figure 1. 
[image: ]  
Figure 1: LCP procedure
	[bookmark: _Toc109217552][bookmark: _Toc52796483][bookmark: _Toc52752021][bookmark: _Toc46490326][bookmark: _Toc37296200][bookmark: _Toc29239841]5.4.3.1.2	Selection of logical channels
The MAC entity shall, when a new transmission is performed:
1>	select the logical channels for each UL grant that satisfy all the following conditions:
2>	the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and
2>	maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and
2>	configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and
2>	allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) when CA duplication is deactivated for this DRB in this MAC entity; and
2>	allowedCG-List, if configured, includes the configured grant index associated to the UL grant; and
2>	allowedPHY-PriorityIndex, if configured, includes the priority index (as specified in clause 9 of TS 38.213 [6]) associated to the dynamic UL grant; and
2>	allowedHARQ-mode, if configured, includes the uplinkHARQ-mode for the HARQ process associated to the UL grant.
NOTE:	The Subcarrier Spacing index, PUSCH transmission duration, Cell information, and priority index are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.
[bookmark: _Toc109217553][bookmark: _Toc52796484][bookmark: _Toc52752022][bookmark: _Toc46490327][bookmark: _Toc37296201][bookmark: _Toc29239842]5.4.3.1.3	Allocation of resources
…..
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.
……


It is worth noting that in the current specification, UE allocates resources only to the selected logical channels. That is to say, even if there are remaining resources, UE will not allocate them to the logical channel that is not selected initially. 
Observation 1: In the current LCP mechanism, UE allocates resources only to the selected logical channels. 
In addition, it is also worth noting that in the current specification, LCP mechanism does not consider the remaining PDB of data. 
Observation 2: The current LCP mechanism does not consider the remaining PDB of data. 
2.2  UL XR traffic characteristic
In 3GPP TR 38.838 [3], the UL traffic models for VR, Cloud gaming, and AR applications are provided. For each XR service, the baseline values of data rate, packet size, frame generation rate, periodicity, PDB as well as jitter are specified for evaluation, as summarized in the following table 1. 
Table 1: Traffic models for UL XR applications
	Category
	Data Rate
(Mbps)
	Packet Size (byte)
	Frame generation rate (fps)
	Periodicity
(ms)
	PDB
(ms)
	Jitter
(ms)

	UL VR
	0.2
	100
	-
	4
	10
	No jitter

	UL Cloud Gaming
	0.2
	100
	-
	4
	10
	No jitter

	UL AR
	10
	variable
(following truncated Gaussian distribution)
	60
	16.67
	30
	[-4,4]


According to Table 1, we can see that UL AR service requires significant throughput with quite stringent PDB requirement, and the PDB of UL XR traffic is larger than the periodicity of UL XR traffic.
Observation 3: UL AR requires significant throughput with quite stringent PDB requirement.
Observation 4: The PDB of UL XR traffic is larger than the periodicity of UL XR traffic.
According to 3GPP TR 38.838 [3], UL AR service has one stream model and multiple streams model. For multiple streams model, different streams may have different priority.
	[bookmark: _Toc83729063][bookmark: _Toc92217058][bookmark: _Toc90374090][bookmark: _Toc90374009][bookmark: _Toc90373841][bookmark: _Toc85778429][bookmark: _Toc92217062][bookmark: _Toc90374094][bookmark: _Toc90374013][bookmark: _Toc83729067]5.5.2	AR UL stream(s) 
In this clause, we provide four different options for AR UL traffic model. Given that AR has multiple streams in UL, one can choose a model from various options depending on what/how to model the streams. Four options are as follows.
-	Model 1: one stream model
-	Model 2: Two streams model
-	Model 3A: Three streams model A
-	Model 3B: Three streams model B
5.5.2.4	Model 3B (three streams model B)
In Model 3B, three streams are considered
-	Stream 1: pose/control
-	Traffic model/requirement for stream 1 follows clause 5.2.
-	Stream 2: I-stream for video 
-	Stream 3: P-stream for video


According to the analysis in [4], different streams may be mapped to different LCHs.
Observation 5: For UL AR service, different streams (e.g. I-frame stream and P-frame stream) may be mapped to different LCHs with different priority.
In the following section, we will analyse whether the current LCP mechanism is suitable for XR service.
2.3  Potential LCP enhancements for XR 
1) The remaining PDB 
Considering that the current LCP mechanism does not consider the remaining PDB of data and UL XR service has more stringent PDB requirement than the legacy service, if a UE performs LCP mechanism for XR service according to the current specification, the UE will always preferentially transmit the data on LCH with higher priority. This may result in the UE being unable to transmit data on the LCH with a lower priority within the PDB requirements. 
As shown in Figure 2, since the PDB of UL XR traffic is larger than the periodicity of UL XR traffic, when data burst 2 (I stream) arrives, data burst 1(P stream) may not be completely transmitted, and still be buffered in the LCH. In this case, if data burst 2 and data burst 1 that have not been transmitted are associated with different LCHs, and the priority of data burst 2 is higher than the priority of the data burst 1, UE will preferentially transmit the data burst 2 according to the current specification, which may cause data burst 1 to exceed its PDB requirement.
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Figure 2: Example of data burst arrival
Observation 6: Since the current LCP mechanism does not consider the remaining PDB of data, when data on LCH with higher priority arrives, the UE always preferentially transmits data on LCH with higher priority, which may result in the UE being unable to transmit data on LCH with lower priority within the PDB requirement.
We see two main approaches to solve the issue:
1. Considering the remaining PDB of the data buffered in the LCH during LCP procedure. For example, the logical channel containing data with the smallest remaining PDB can be considered as the highest priority temporarily. 
2. Remapping the data to another LCH, e.g. when data on LCH with higher priority arrives, the data on LCH with lower priority can be remapped to LCH with higher priority. Taking the case presented in Figure 3, in T1, the I frame of GOP 1 (i.e., data burst 1) arrives and data burst 1 is mapped to LCH 1, and, in T2, the P frame of GOP 1 (i.e., data burst 2) arrives and data burst 2 is mapped to LCH 2. In T3, the I frame of the next GOP (i.e., data burst 3) arrives while data burst 2 has not been transmitted completely. In this case, in order to avoid the impact of arrival of data burst 3 on data transmission of data burst 2, the remaining data of data burst 2 can be remapped to LCH 1, together with data burst 3.
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Figure 3: Example of the mapping of data burst and LCH
[bookmark: _GoBack]Proposal 1: In order to solve the impact of arrival of data of a high-priority logical channel on data transmission of a lower-priority logical channel, RAN2 should study the following approaches:
1. Consider the remaining PDB of the data buffered in the LCH during LCP procedure.
2. Remapping of data to an LCH with higher priority.
2) The remaining resource 
In the current LCP mechanism, a UE allocates resources only to the selected logical channels. Considering that UL AR service requires high data throughput in uplink and that system capacity is a recognized issue for XR services, it would be beneficial to ensure that no scheduled resource is wasted. In order to improve system capacity, we propose RAN2 to study how to avoid wasting radio resources by allowing them to be used for data belonging to logical channels which would not be mapped to such resources according to the current LCP mechanism. 
Proposal 2: RAN2 should study how the resources unused by the current LCP procedure can be reused to carry data of logical channels which would otherwise not be mapped to such resources. 
3	Conclusions
In this contribution, we discussed the issues related to LCP for XR-specific capacity improvement. Based on our discussion, we conclude with the following observation and proposals:
Observation 1: In the current LCP mechanism, UE allocates resources only to the selected logical channels. 
Observation 2: The current LCP mechanism does not consider the remaining PDB of data. 
Observation 3: UL AR requires significant throughput with quite stringent PDB requirement.
Observation 4: The PDB of UL XR traffic is larger than the periodicity of UL XR traffic.
Observation 5: For UL AR service, different streams (e.g. I-frame stream and P-frame stream) may be mapped to different LCHs with different priority.
Observation 6: Since the current LCP mechanism does not consider the remaining PDB of data, when data on LCH with higher priority arrives, the UE always preferentially transmits data on LCH with higher priority, which may result in the UE being unable to transmit data on LCH with lower priority within the PDB requirement.
Proposal 1: In order to solve the impact of arrival of data of a high-priority logical channel on data transmission of a lower-priority logical channel, RAN2 should study the following approaches:
1. Consider the remaining PDB of the data buffered in the LCH during LCP procedure.
2. Remapping of data to an LCH with higher priority.
Proposal 2: RAN2 should study how the resources unused by the current LCP procedure can be reused to carry data of logical channels which would otherwise not be mapped to such resources. 
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