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Discussion
1      Introduction

A study item of Study on XR Enhancements for NR was approved in RAN#94e meeting [1] and revised in RAN#95e meeting [2]. In previous e-meetings, some agreements have been made. In this contribution, we present our further analysis on XR-specific capacity enhancement for NR.
2      Discussion
2.1     UL CG enhancement
In RAN1#110, there is no consensus in RAN1 on the benefits of enhancing SPS for the purpose of XR capacity enhancement. And RAN2 considers SPS enhancements may not be needed in Rel-18 XR as listed below. Therefore, in this contribution, we focus on CG enhancements for XR specific capacity enhancement.
	Refer to agreements in RAN1#110 meeting

Conclusion

There is no consensus in RAN1 on the benefits of enhancing SPS for the purpose of XR capacity enhancement.

Refer to agreements in RAN2#119 e-meeting

RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.


For NR UL CG, the existing standards support two CG transmission configurations: 

· CG Type 1: RRC provides UL grant configuration, UE periodically repeats transmission according to RRC configuration.
· CG Type 2: RRC configures some parameters. PDCCH provides UL grant. Activate/deactivate the corresponding CG configuration(s) based on L1 signaling instructions. The DCI activation signaling only supports activation of a single CG grant. DCI deactivate signaling releases single or multiple CG grants.

At present, CG supports simultaneous activation of multiple UL grants. As a result, the traditional CG cannot well adapt to the characteristics of multi-flow and variable packet size of XR service, which will increase the processing delay of XR service. Therefore, it is necessary to enhance CG respectively (UL CG Type2). It can better adapt to the characteristics of multi-flow and variable packet size of XR service, and improve the utilization rate of system resources to meet the requirements of low latency and high reliability of XR service.

We propose that UL CG is enhanced to adapt to the transmission characteristics of multi-stream and variable packet size of XR service. It supports simultaneous activation of multiple CG configurations. Multiple CG configurations that can be activated simultaneously are configured by high-level signaling, and DCI indicates the activation of multiple CG configurations. 

· RRC signaling can be used for UE configuration ConfiguredGrantConfigType2ActivationStateList or ConfigActivationStateList indicates a set of CG configurations that can be activated simultaneously. For example, according to XR service requirements, it is configured to contain several CG configurations that can be simultaneously activated for XR service requirements.

· DCI is used to indicate specific CG configurations activated simultaneously. It can be indicated as an entry of the simultaneously activated configurations list.
Proposal 1 Study the enhancement methods of UL CG. Support activation of multiple CG configurations.
2.2     Multiple PDSCHs/PUSCHs CG transmission occasions in a period
In the last meeting, RAN1 decided to support single DCI scheduling multi-PDSCHs/PUSCHs as captured below.
	Refer to agreements in RAN1#110 meeting

Agreement

RAN1 to make decision on the following in RAN1#110bis-e
· Support single DCI scheduling multi-PDSCHs/PUSCHs which is currently supported for FR2-2 to other SCS in FR1/FR2


Due to jitter, non-integer period and other issues, XR traffic may have burst packets of different numbers and lengths. The current single DCI multi-PDSCH/PUSCH design may limit XR. Considering XR traffic burst consists of packets of different sizes, in the current NR design, due to the same size of PDSCH, DCI will grant PDSCH more than the maximum packet size, which will lead to waste of resources. When transmitting DCI, gNB cannot accurately know the possible traffic in the future. If gNB transmits a PDSCH/PUSCH grant for smaller size of packets, more frequently DCIs transmission will cause delays. If gNB over-assigns resources to solve unexpected traffic, it will cause waste of resources and unnecessary UL beam reservations.

Because of jitter and delay, XR packet has the characteristics of unpredictable arrival time. CG is designed for periodic data transmission, which can reduce PDCCH transmission and scheduling delay. Traditional CG configuration is mainly used for small packet transmission. The current CG configuration allows only one PDSCH/PUSCH transmission time per cycle for TB transmission. We suggest configuring multiple PDSCHs/PUSCHs transmission in each cycle to solve this problem. The solution is configuring multiple sets of CG in a cycle, but multiple PDCCHs transmissions are required to activate multiple CG configurations separately. This is inefficient and may result in additional power consumption for XR UE and redundant HARQ-ACK bits.

Compared with the dynamic scheduling solution, the CG scheme can reduce the DCI/UCI overhead, thereby increasing the PDCCH/PUCCH capacity. The following data are mentioned in OPPO article [1]: take AR/VR 30Mbps transmission for example, the packet size is between 31250 bytes and 93750 bytes. Even for the smallest packets, multiple PUSCHs/PDSCHs is needed for transmission, so CG can increase a lot of PDCCH/PUCCH capacity.

For XR, larger video frame data size may require multiple PUSCH transmissions per video frame cycle, so we can enhance CG to create multiple PUSCHs in the same CG. Two mechanisms can be used to achieve multiple PUSCH effects in the same cycle. One is multiple PUSCHs activated on the same CG occasion. The second is multiple CG activated by one DCI. The two methods can achieve similar results. We are slightly preferring the use of the second option due to it has more flexibility. Multiple PUSCHs can be activated in the same CG, but different PUSCHs have different channel capacity. This can reduce resource consumption while solving the jitter problem. As shown in Figure 1, three CGs were activated by the same DCI. CG2 is the main transmission channel, CG1 and 3 are auxiliary transmission channels. Resources are mainly transmitted by PUSCH resources in CG2. Channel resources of CG1 and 3 can be used when traffic offset is caused by jitter, delay or other issues. Due to the small capacity granted by CG1 and 3, it will have less waste of resources.
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Figure 1 Single DCI activates multiple CG configurations

Proposal 2 Study an improved scheme for single DCI activating multiple different CG configurations. For example, multiple CG activated by the same DCI has different PUSCH capacities.

2.3     Dynamic adaptation of CG parameters
XR traffic is composed of periodic traffic bursts, and it may suffer jitter when it arrives. These traffic bursts may have different packet sizes (lengths) and different numbers of packets in each burst. The operation based on dynamic grant can be used to process XR traffic, but it will bring additional signaling (PDCCH) and additional power consumption (PDCCH decoding). In view of the periodicity characteristics of XR, more energy-saving periodic schemes (such as CG) may be more suitable for XR operation. However, the mismatch between the XR flow and the CG cycle may lead to some problems. In addition, the inconsistency between CG cycle and XR flow caused by jitter will also cause delay.

Therefore, the traditional CG configuration scheme is only applicable to the traffic with a fixed packet size. Once the configuration is completed, the time domain and frequency domain resources will not change accordingly. We propose to study the method of dynamically adjusting CG parameters to adapt to traffic burst.

In order to solve the problem that CG cannot adapt to the change of XR frame size. The scenario shown in the following figure can be considered. It is assumed that four PUSCH resources are configured in a CG cycle. Burst XR traffic arriving in the next three cycles requires 4, 2, 5 PUSCH resources respectively. According to the current processing methods such as case 1 in the second cycle, it will waste two PUSCH resources, and in the third cycle due to insufficient channel resources, it needs to use DG for additional resource scheduling which resulting in delay. 

When CG configures multiple PUSCHs for transmission, we consider a dynamic self-configuration scheme. As case 2 shows, a signal UCI can be transmitted at an early PUSCH transmission time. This signal can indicate that the subsequent configuration of PUSCH transmission is abandoned, or the new PUSCH is added. When gNB receives UCI, it can also dynamically schedule the remaining PUSCH in the current XR cycle to improve system efficiency.
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Figure 2 Variable Frame Size in CG Configuration

Proposal 3 It is suggested to study the method of dynamically adjusting CG parameters. For example, UCI signal is sent to adjust the granted resource according to the flow.

2.4     CG periodicity configuration enhancement
In the previous standard of RAN, the common periods of DL and UL video streams are 30 fps, 60 fps, 90 fps and 120 fps. According to the message arrival time formula, the common cycle of XR and the existing configuration of CG are shown in the following table:
Table 1 XR Service CG Common Period

	XR
	30 fps, 60 fps, 90 fps and 120 fps
	{33.33ms,16.67ms,11.11ms, 8.33ms}.

	CG
	15khz
	{1/7ms,0.5ms,1ms,...,320ms, 640ms }

	
	30khz
	0.5x{1/7ms,0.5ms,1ms,...,320ms, 640ms }

	
	60khz
	0.25x{1/7ms,0.5ms,1ms,...,2560ms }


It is easy to observe that the cycle of XR flow does not match the cycle of CG. The existing method is to configure multiple CG configurations to solve non-integer periodic problems. As shown in Figure 3, for the case of 60 fps, we can configure three groups of CGs with the same period of 50ms, and configure three different offsets (i.e., 0ms, 17ms, 34ms) to match the three XR frames in the 50ms period. Each XR frame can be transmitted on the corresponding CG occasion with this configuration. But this method may lead to resource waste. Mutliple CG configurations also results in large HARQ-ACK overhead. On the other hand, addressing the non-integer periodicity for CG can be similar with the situation of CDRX discussed in power saving enhancement. Similar solutions can be discussed for CG enhancement and CDRX enhancement.
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Figure 3 Using multiple CG configurations to solve non-integer periodic problems

Though the non-integer periodicity issue of XR can be handled by configuring multiple CG configurations, it will lead to an oversupply of CG occasions and waste of resources. Therefore, supporting non-integer periodicity for CG is preferred. However, we hope to use the above scheme as a reference for the improved scheme to prove the effectiveness of enhancing the non-integer period of CG.
Proposal 4 In order to solve the problem of non-integer period, configuring multiple CG solutions should be the benchmark of other methods.

To solve the non-integer period problem of XR traffic, the following two methods can be used to enhance CG:

The first method is to set multiple periodic values in the CG configuration, which can effectively avoid delay accumulation. As shown in Figure 4, the number of transmission frames per second of XR traffic is 60fps, if the CG configuration periodicity is 17ms, it will lead to delay accumulation. Consider configuring two CG periodicities in one CG configuration and the two periodicities are applied in a semi-static pattern. This method can ensure that the two are realigned after each interval of time.
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Figure 4 Configure a CG periodicity pattern with two periodicities
The second method is to periodically adjust the configuration and align the cycle to ensure that the delay is not too large. For example, a delay alignment mechanism can be set up to send an alignment signal CG-UCI every other period of time, so that the current signal slot and traffic arrival time are aligned to avoid delay accumulation. The difficulty of this method is to select the appropriate timing of the alignment signal CG-UCI. It ensures that the delay is within the acceptable range and does not generate a lot of additional resource consumption due to CG-UCI.

Proposal 5 To solve the non-integer period problem, we recommend specifying the following two schemes: 

1. Establishment of two distinct periodic values 

2. Introduction of periodicity realignment mechanisms

2.5     HARQ-ACK and CBG enhancements
The code block group (CBG) is introduced in NR Rel-15 to improve the retransmission efficiency for the service with characteristics of high data rate or transmission on high frequency or large transmission block size. CBG based transmission can improve system resource utilization and spectrum efficiency. Current SPS mechanism does not support CBG-based transmission. It will result in reduced spectral efficiency due to retransmission when transmitting XR services with high rate and large packet. Therefore, we suggest that we should study the CBG-based SPS/CG transmission that supports multiple TBs. The emphasis of this method is to design the number of CB in CBG according to different situations, the method of TB dividing CBG, the method of HARQ-ACK feedback, etc.

In XR service, we consider introducing a CBG-based SPS configuration scheme. The downlink SPS is enhanced to adapt to the characteristics of high transmission rate of XR service.

UE receives the signaling sent by the base station, and the signaling carries the SPS code block configuration information. The configuration information is used for UE to receive downlink SPS PDSCH based on CBG. The configuration can be used for all/part/single SPS transmission configuration. For example, CBG-based SPS transmissions can adopt the same or different transmission configurations due to different service transmission and priorities.

Proposal 6 Support CBG-based SPS transmission with multiple TBs.
3      Conclusions

In this contribution, we present our analysis on XR-specific capacity enhancements. Following proposals are made:
Proposal 1 Study the enhancement methods of UL CG. Support activation of multiple CG configurations.
Proposal 2 Study an improved scheme for single DCI activating multiple different CG configurations. For example, multiple CG activated by the same DCI has different PUSCH capacities.

Proposal 3 It is suggested to study the method of dynamically adjusting CG parameters. For example, UCI signal is sent to adjust the granted resource according to the flow.

Proposal 4 In order to solve the problem of non-integer period, configuring multiple CG solutions should be the benchmark of other methods.

Proposal 5 To solve the non-integer period problem, we recommend specifying the following two schemes: 

1. Establishment of two distinct periodic values 

2. Introduction of periodicity realignment mechanisms

Proposal 6 Support CBG-based SPS transmission with multiple TBs.
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