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1	Introduction
[bookmark: _Hlk127457765]In RAN2 123[1]. RAN2 sent an LS to RAN1 on HARQ PID determination. The following are the remaining issue of Rel-18 XR WI,
	· CG enhancements – multi-PUSCH CG
· RAN2 to confirm RAN1’s agreement that both type-1/2 can be configured for a multi-PUSCH CG and configured uplink grants within a single periodicity of a multi-CG configuration are located in consecutive slots
· Whether validity requirements for multi-PUSCH should be included in the condition for UL grant reception
· CG enhancements – UTO-UCI
· How the MAC entity determines whether a configured uplink grant is going to be used for PUSCH transmission or not
· Impacts of UTO-UCI on MAC procedures (have not been discussed so far)



In this contribution, a discussion on CG enhancement will be conducted for XR service based on RAN1’s progress.
2	Discussion
[bookmark: _Hlk109915489]2.1 Progress of RAN1
In RAN1#114, RAN1 send an LS R1-2308674, indicating following RRC parameters,
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)
	Required for initial access or IDLE/INACTIVE
	Specification

	NR_XR_enh-Core
	Multiple CG PUSCH transmission occasions in a CG period 
	[bookmark: _Hlk146296294]nrofSlots_InCGperiod
	new
	Number of consecutive slots for CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
	INTEGER(2..32)
	Per BWP, in ConfiguredGrantConfig
	No
	38.331

	NR_XR_enh-Core
	Indication of unused CG PUSCH occasion(s) by UCI 
	nrof_UTO_UCI
	new
	Indication of UTO-UCI is enabled if nrof_UTO_UCI is configured. nrof_UTO_UCI is the number of bits in the UTO-UCI bitmap.
	INTEGER(3..8)
	Per BWP, in ConfiguredGrantConfig
	No
	38.331


Regarding RAN1’s agreement,
	Agreement
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations
Strong concerns have been raised on the above proposal in terms of benefit and UE complexity by CATT, ZTE, Huawei, Apple, MTK, and Google.
Agreement
For a multi-PUSCH CG configuration, the range value of the higher layer parameter indicating number of consecutive slots (N in previous agreements) is:
· Max value=16 or 32
· Up to UE capability
· Min value=2

Agreement
For a CG configuration with UTO-UCI indication enabled:
· For the range value for the RRC parameter Nu (Nu is the size of bit-map): (3, …, 8)

Conclusion
There is no consensus to introduce RRC parameter UTO_offset. This over-rides earlier RAN1 agreements.


For the coordination with RAN1, we propose that, 
Proposal 1: Based on RAN1’s progress, introduce the following RRC parameters to ConfiguredGrantConfig IE,
· An RRC parameter indicates whether to enable UTO-UCI.
· An RRC parameter (nrof_UTO_UCI) indicates Nu, ranges from 3 to 8, which indicates the size of UTO-UCI bit-map.
· An RRC parameter (nrofSlots_InCGperiod) and corresponding UE capability indicates number of consecutive slot(N). The minimum is 2 and maximum is 16 or 32, up to UE capability.
Also,
	Agreement
The following TP with stage 2 description for physical layer enhancements is endorsed in principle for TS 38.300. Send an LS to RAN2. Final LS in R1-2308659.
-----------------< Start of TP>--------------------
16.X.4    Capacity
16.X.4.1        Physical Layer Enhancements
The following enhancements for configured grant-based PUSCH transmission are introduced:

-     Support of multiple CG PUSCH transmission occasions within a single period of a CG configuration

-     Indication of unused CG PUSCH occasion(s) of a CG configuration with Uplink Control Information multiplexed in CG PUSCH transmission of the CG configuration.

-----------------< End of TP>--------------------


Therefore,
Proposal 2: Update TP based on RAN1 LS R1-2308659.
2.2 Activation condition of Multi-PUSCH CG
In legacy, the activation of CG/SPS is a gNB implementation issue. CG and SPS are generally introduced for voice service, since voice service packet has relatively stable size and period.
The activation of CG and SPS requires the establishment of radio bearer for voice service and transmission/reception of voice service packet. 
For XR and Multi-PUSCH CG, we assume that the activation condition is similar as legacy, i.e., the establishment of radio bearer for XR traffic and the reception of XR traffic packets. But one additional condition, namely the reception of jitter range and periodicity from CN or UE, should be introduced since Multi-PUSCH CG aims to handle the jitter of XR traffic.
Proposal 3: RAN2 to agree that the activation of Multi-PUSCH CG should met the following conditions,
· The establishment of XR traffic radio bearer
· The reception of XR traffic packets
· The reception of jitter range and periodicity of XR traffic.
2.3 Multi-PUSCH CG Configuration
For the configuration of Multi-PUSCH TO, the CG configuration requires the number of TOs and the interval between TOs to be configured. There are two options for the interval between TOs. The first option is that the time domain interval between all TOs is a single value, and the second option is that the time domain interval between TOs is configured by the RAN. We believe that both of these configurations should not be excluded at the current stage.
Proposal 4: RAN2 to agree that the number of TO and the time domain interval of TO should be provided in ConfiguredGrantConfig IE.
If interval of TOs is single valued, all TOs are uniformly distributed within CG period. If not, the interval between TOs is uneven. It is generally believed that jitter obeys the Poisson distribution in time domain, that is, the probability of small jitter is high, so it is not a wise choice to use a uniform interval between TOs.


We believe that the other reason for using uneven TOs is that it can cover a longer period with fewer TOs and makes it better for adopting jitter. And it can better adapt jitter and reduce signaling overhead. 
This consideration comes with that too many TOs can affect the scheduler's resource allocation strategy, e.g., radio resources may not be used by other UEs due to potential TO transmissions, and too many TOs may also cause the signaling overhead of the indicated unused CG TOs to become significant.
Observation 1: Uneven interval between TOs is more appreciated since jitter obeys Poisson distribution other than Uniform distribution. Too many multi-PUSCHs CG TOs can cause overhead and difficulty in indicating unused CG PUSCH TOs.
We simulated different TO distributions using jitter within the range of [-4, 4]ms, where the jitter distribution is shown in the figure below:
[image: ]
The simulation results are shown in the figure, where the uneven interval and TO-number-fewer distributions achieved almost the same delay and jitter coverage as the even interval and TO-number-more distributions for the same TO range.
[image: ]
Hence, both even and uneven interval of TO should be discussed.
Proposal 5: The time domain interval of TO within CG period can be single or multiple value.
In addition, due to the non-integer period issue also existing in DRX, CG can refer to the solutions in DRX. According to the Chairs note in RAN2#122, the DRX cycle is configured based on rational numbers. Therefore, the CG period can also be a rational number.
Proposal 6: RAN2 to agree to introduce rational period for CG, as already agreed in DRX.
2.4 BSR for UTO indication
Another issue that affects RAN2 is whether to use TOs that have been indicated as unused. This issue has already been discussed in RAN1, where it was stated that unused TOs cannot be used by UEs for transmission, while TOs that have not been indicated as unused can be used or not used by UEs.
	Agreement
A CG PUSCH occasion indicated as “unused” earlier, is not allowed to be indicated as “NOT unused later”.
A CG PUSCH occasion indicated as “NOT unused” earlier, can be indicated as “unused” later.
FFS: Whether there is specification impact


However, when indicating an unused TO, besides UTO-UCI, padding BSR, especially in CG TO, can also be a similar indication. Any padding BSRs with zero buffer size can indicate that the UE has no data in uplink thus no more TO is needed.
Please note that truncated BSR can not be used for such indication, since the omitted LCG may still has data available.
Additionally, the time when the UE assemble TB and padding BSR is earlier than when it sends the corresponding UTO-UCI. Therefore, UE is aware whether TB contains padding BSR and decide whether to send UTO-UCI. If padding BSR exists, UE does not need to send the corresponding UTO-UCI, thus avoiding unnecessary signaling.
Proposal 7: RAN2 to agree that padding long or short BSR with zero buffer can also indicate the following TO(s) will not be used.
2.5 Retransmission-less CG
In the previous meeting, the main topic of discussion was about Retransmission-less CG, including specific configurations, UE capability-related issues, and specification impacts. The characteristics of HARQ Mode B and HARQ timers are largely derived from NTN, but the reliability requirements for traffic flow in NTN are different from those in XR. Data transmitted using Retransmission-less CG is generally considered to be pose and control data, and haptic data possibly being included in the future. This data is crucial for reducing user dizziness, and we therefore suggest that RAN2 discuss reliability enhancements for the data transmitted by Retransmission less CG, such as using PUSCH repetition and Low SE MCS table.
Proposal 7: RAN2 to introduce reliability assurance mechanism for retransmission-less CG, e.g., PUSCH repetition, using Low SE MCS table.
3	Summary
This contribution discusses potential capacity enhancement for XR, the following are the observations and proposals that may be taken into consideration.
RAN1 coordination:
Proposal 1: Based on RAN1’s progress, introduce the following RRC parameters to ConfiguredGrantConfig IE,
· An RRC parameter indicates whether to enable UTO-UCI.
· An RRC parameter (nrof_UTO_UCI) indicates Nu, ranges from 3 to 8, which indicates the size of UTO-UCI bit-map.
· An RRC parameter (nrofSlots_InCGperiod) and corresponding UE capability indicates number of consecutive slot(N). The minimum is 2 and maximum is 16 or 32, up to UE capability.
Proposal 2: Update TP based on RAN1 LS R1-2308659.
Activation of Multi-PUSCH CG:
Proposal 3: RAN2 to agree that the activation of Multi-PUSCH CG should met the following conditions,
· The establishment of XR traffic radio bearer
· The reception of XR traffic packets
· The reception of jitter range and periodicity of XR traffic.
Multiple-PUSCH CG configuration:
Proposal 4: RAN2 to agree that the number of TO and the time domain interval of TO should be provided in ConfiguredGrantConfig IE.
Observation 1: Uneven interval between TOs is more appreciated since jitter obeys Poisson distribution other than Uniform distribution. Too many multi-PUSCHs CG TOs can cause overhead and difficulty in indicating unused CG PUSCH TOs.
Proposal 5: The time domain interval of TO within CG period can be single or multiple value.
Proposal 6: RAN2 to agree to introduce rational period for CG, as already agreed in DRX.
Indication of UTO:
Proposal 7: RAN2 to agree that padding long or short BSR with zero buffer can also indicate the following TO(s) will not be used.
Reliability of Retx-less CG aspect:
Proposal 7: RAN2 to introduce reliability assurance mechanism for retransmission-less CG, e.g., PUSCH repetition, using Low SE MCS table.
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