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1. [bookmark: _Ref513464071]Introduction
The Rel-18 New WID on XR Enhancements for NR has the following objectives on capacity [1]:
	-	Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);


In this contribution, we discuss the CG enhancements under RAN1 scope and provide evaluations on XR capacity improvements when supporting the multi-PUSCH CG enhancements.
2. Discussion
During SI phase discussions and evaluations in RAN1 [2], CG enhancements were found to be beneficial for supporting UL transmission of XR traffic (e.g. with large/variable payload sizes and stringent latency) and observed to outperform that of the baseline DG techniques in terms of capacity. 
In the following, the aspects indicated below on the CG enhancements are discussed: 
· What parameters can be configured for multi-PUSCH CG
· When/How to indicate the unused PUSCH occasions in multi-PUSCH CG
· Whether/how to support HARQ with multi-PUSCH CG
2.1 Configuration and parameters for multi-PUSCH CG
When supporting XR traffic in UL, the video encoder at the UE may generate different types of video frames (e.g. I-frame, P/B-frame) and encoding patterns at a particular frame rate (e.g. 60fps, 90fps). The generated video frames or the corresponding PDU sets may consist of variable payload sizes at each periodic occasion. 
During UL transmission, multiple PDUs in a PDU set may need to be delivered in multiple TBs within a PDU set delay bound (PSDB) [3]. In this regard, the different TBs may be delivered in multiple PUSCH occasions, where each PUSCH occasion can consist of multiple symbols. For ensuring that the different TBs can be delivered within the delay bound, each slot in a CG period can be configured with one or multiple PUSCH occasions. In this case, when multiple slots are associated with a single CG period (e.g. in a TDD frame), each CG period can contain multiple PUSCH occasions. When configuring multiple consecutive PUSCH occasions per slot, the symbol length of each PUSCH occasion (e.g. indicated in SLIV for the first PUSCH occasion) and other time/frequency domain parameters can be the same. Such configuration for multi-PUSCH CG can be done with RRC signaling. The following Figure 1 illustrates the multi-PUSCH CG configuration.
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Figure 1: An illustration of multi-PUSCH CG configuration consisting of 4 consecutive PUSCH occasions per slot and 2 slots per CG period.
The Rel-16 NR-U CG [4] supports configuring multiple PUSCH occasions per slot and multiple slots in a CG period. However, for NR-U CG such parameters can be configured only under the restriction of configuring the cg-RetransmissionTimer, associated with HARQ and autonomous retransmission. For multi-PUSCH CG enhancements, since the NR-U CG configuration allows more flexibility and reduces spec impact, the parameters from NR-U can be reused without the associated restriction. 
Proposal 1: For multi-PUSCH CG configuration, reuse at least the following CG parameters from R16 NR-U CG: 
· Number of consecutive PUSCH occasions per slot 
· Number of slots per CG period
The number of PUSCH occasions per slot and the number of slots in a CG period for supporting XR traffic may depend on the payload size of the PDU set and the PDU set delay bound. During the SI phase, some companies have indicated that the number of PUSCH occasions can vary anywhere between 1 to 5, depending on the video frame size and channel conditions. In R16 NR-U CG, the parameter values that can be configured are as follows [5]:
[bookmark: _Hlk127178553]cg-nrofPUSCH-InSlot-r16       INTEGER (1..7)                     OPTIONAL,   -- Need R
cg-nrofSlots-r16              INTEGER (1..40)                    OPTIONAL,   -- Need R
For Rel-18 CG enhancements, the parameter values from R16 NR-U CG can be used as the baseline.  
Proposal 2: For multi-PUSCH CG, the parameter values from R16 NR-U CG corresponding to the number of PUSCHs in a slot and number of slots per period are used as baseline
2.2 Indication of the unused PUSCH occasions in multi-PUSCH CG
When the CG PUSCH occasions are configured semi-statically, there is a likelihood of the PUSCHs configured per CG period to be more than necessary. For ensuring that the CG PUSCH occasions are not over-provisioned for a UE and that any excess PUSCHs can be reallocated for other UEs in need of the resources, the UE can dynamically indicate any unused PUSCH occasions.
For periodic UL transmissions, the UE can be configured with an initial number of PUSCHs per CG period. When the number of TBs carrying the PDUs of PDU set are less than the initial PUSCHs, the UE can send an indication to gNB for cancelling some of the PUSCH occasions. For example, the UE can determine the number of unused PUSCH occasions based on the XR data in the buffers and the number of configured PUSCHs in CG that can accommodate the TBs corresponding to the XR data.
The UE can indicate the unused PUSCHs via different options, and this can be done on different PUSCH occasions. In one option, the UE can indicate in the first PUSCH occasion any of the unused PUSCH occasions in a configured CG slot. Indicating in the first PUSCH may allow more time for the network for reallocating the PUSCH occasions/resources to other UEs. In the first option, the UE may also need to indicate the number of PUSCHs and/or which of the PUSCH occasions are unused (e.g. offset of which PUSCH occasion onwards are the unused PUSCHs).  Alternatively, in the second option, the UE can indicate the unused PUSCH occasions in the Nth PUSCH occasion, where the N can be configurable. When using the second option, the UE may be allowed to delay indicating any of the unused PUSCHs up to the Nth occasion. If there are any unused PUSCHs beyond the Nth occasion, for example, the UE can indicate the remaining occasions onwards of the Nth occasion are unused. The second option may allow less time for the network to reallocate the unused PUSCH occasions to other UEs but incurs less overhead and allows more flexibility for indicating the unused PUSCHs (e.g. in a single bit flag). In this case, the second option is preferable and can be considered as baseline given that N can be configurable. The evaluation results showing the capacity performance of the multi-PUSCH CG scheme supporting the indication of unused PUSCH occasions is provided in Section 3.     
Proposal 3: Discuss the following options on which PUSCH occasion can be used for indicating the unused PUSCHs 
· Option 1: First PUSCH occasion (e.g. UE indicates the number of PUSCHs and/or which of the PUSCH occasions are unused)
· Option 2: Nth PUSCH occasion, where N is configurable (e.g. UE indicates the remaining PUSCHs from the Nth occasion onwards are unused) 
The next issue to be discussed is on how to indicate the unused PUSCH occasions in multi-PUSCH CG. During the SI phase discussions, the different options considered include reusing the CG-UCI from R16 NR-U CG or introducing new type of UCI. The CG-UCI for NR-U is included in every PUSCH occasion and can indicate several parameter fields including COT info, HARQ process ID, RV, and NDI [4]. Since the R18 multi-PUSCH CG enhancement shares many of the common configuration aspects as that of NR-U CG, extending the CG-UCI to include a new bit-field for indicating the unused PUSCHs can be beneficial in terms of spec impact. However, many of the fields in the existing CG-UCI may not be necessary for R18 NR purposes and can result in additional overhead and usage of resources when the CG-UCI multiplexed in PUSCH. On the other hand, introducing a new UCI type for multi-PUSCH CG allows to limit the amount of overhead when indicating the unused PUSCHs either in PUCCH or by multiplexing the UCI in PUSCH, at the expense of higher spec impact.       
Proposal 4: Discuss the following options on the signaling type to be used for indicating the unused PUSCH occasions in multi-PUSCH CG
· Option 1: CG-UCI (extend from NR-U by introducing a new bit-field)
· Option 2: New type of UCI  
2.3 HARQ with multi-PUSCH CG
For ensuring reliable transmission of XR traffic, whether and how HARQ feedback and retransmissions can be supported when configured with muti-PUSCH CG should be discussed. In this regard, there can be two alternative techniques for consideration for potential extension, namely the HARQ designs for R16 NR CG or R16 NR-U CG. 
In the HARQ design applied for R16 NR CG, the UE monitors for DCI upon transmitting a TB in a CG PUSCH occasion. If a DCI containing dynamic grant is received before the expiry of the configuredGrantTimer, the UE assumes NACK for the TB transmission and retransmits the TB using the received grant. If the UE does not receive DCI within the configuredGrantTimer, the UE assumes ACK for the previous TB transmission.      
In the HARQ design for R16 NR-U CG, a cg-RetransmissionTimer along with the configuredGrantTimer is used for deciding on whether to perform autonomous retransmission up to a max number of retransmissions. Since NR-U supports transmission of multiple TBs in multiple PUSCH occasions, the UE selects different HARQ process IDs for the different PUSCH occasions and starts a cg-RetransmissionTimer for each initial transmission of the TBs. The UE may receive HARQ feedback in CG-DFI for each of the HARQ processes associated with the different TBs. If a CG-DFI, containing an ACK bitmap for the HARQ processes is not received within the cg-RetransmissionTimer, the UE autonomously retransmits the TBs up to a max number so long the configuredGrantTimer is valid.
Extending the HARQ design from R16 NR CG to the R18 multi-PUSCH CG allows the retransmissions to be performed with dynamic grants rather than using the configured PUSCH occasions in CG, although at some expense of higher resource usage. Extending the NR CG design also reduces the complexity at the UE for deciding on the number of PUSCHs and which of the PUSCH occasions are unused, since the UE does not need to account for whether any of the configured PUSCH occasions would be used for retransmissions. In comparison, the HARQ design for NR-U CG allows direct extension of the feedback mechanism for the multi-PUSCH CG case (e.g. via the CG-DFI for multiple HARQ processes) and allows reusing the configured CG PUSCH occasions for retransmissions without the need for additional DG allocation. However, such approach may complicate and conflict with the technique for the UE to determine and indicate any of the unused PUSCH occasions. In this case, the NR CG design is slightly preferable compared to the NR-U CG design for HARQ.
Proposal 5: Discuss the following alternatives that can be used as baseline for extending the HARQ framework design for multi-PUSCH CG
· Alt 1: HARQ design for R16 NR CG 
· Alt 2: HARQ design for R16 NR-U CG
When considering the applicable HARQ design for multi-PUSCH CG, it is important for the HARQ feedback to be provided early given the strict delay budget associated with the XR traffic. Since each slot associated with a CG period can consist of one or multiple PUSCH occasions, the earliest opportunity to provide HARQ feedback can be X symbols after each slot. For example, if the UE performs transmissions of 4 TBs in 4 PUSCH occasions in a slot, the corresponding HARQ feedback for the transmissions can be expected at the end of the slot. This would allow any retransmissions to be performed as early as in the next UL slot, even though the next UL slot may be associated with the same CG period.   
Proposal 6:  For multi-PUSCH CG, HARQ feedback is provided after each slot in a CG period (e.g. X symbols after the end of each slot)              
3. [bookmark: _Hlk101735739]Simulation Results
In this section, SLS results on capacity performance for the single stream traffic model in UL are provided. The SLS results are provided for Indoor Hotspot (InH) deployment scenario using baseline evaluation assumptions and parameters as listed in (Annex A) as per TR 38.385.
System capacity is defined as the maximum number of supported UEs out of which at least Y% of UEs are satisfied (e.g., PDB and PER requirements are met for UL traffic), where Y=90 (baseline) is used in the simulations. A UE is declared satisfied if more than 99% of packets are successfully transmitted within the PDB. 
The system capacity achieved with CG (baseline) and enhanced CG schemes are compared with baseline DG. For the baseline DG the scheduling delay incurred due to the transmission of SR/BSR and PDCCH is assumed to have a mean value of 5ms, while no scheduling delay is assumed for the CG (baseline) and enhanced CG schemes. The capacity performance when using DG, CG and enhanced CG is evaluated for UL AR traffic with 10Mbps, and PDB of 10ms.   
The baseline schemes used in the evaluations are:
· DG (with PF scheduling)
· Single PDCCH schedules 1 PUSCH
· Overhead: 2 PUCCH symbols per PUSCH
· Mean scheduling delay: 5ms

The CG schemes evaluated in the simulations are:
· Baseline CG 
· Configured with 2 PUSCH occasions per CG occasion/period. The length of each PUSCH occasion is 2 symbols. 
· Periodicity: 10ms
· Enhanced multi-PUSCH CG with flexible re-allocation of PUSCH occasions  
· Configured with at least 2 PUSCH occasions per slot. The length of each PUSCH occasion is 2 symbols
· Periodicity: 10ms
· Overhead: 1 PUCCH symbol per slot
· For this scheme, we assume the UE can indicate to gNB the unused CG PUSCH occasions. The gNB can re-allocate these PUSCH occasions and the associated resources to other UEs that need additional resources. 

UL system capacity for Indoor hotspot (with parameters as defined in Table 1 in Annex) is evaluated for FR1 (4 GHz) using SU-MIMO with DG (baseline), CG, and enhanced CG with flexible re-allocation of PUSCH occasions. A UE is declared satisfied if more than 99% of packets are successfully transmitted within PDB value of 10ms.
Figure 1 shows the UL results for system capacity for AR with PDB of 10ms in an InH deployment. It is observed that for the Uplink AR case, where aggregated video is sent in the UL, baseline CG as well as enhanced CG outperforms the baseline DG scheme. Baseline DG can support 7 UEs per cell, baseline CG can support 9 UEs per cell, while enhanced CG outperforms both with a capacity of 10 UEs per cell. Baseline DG is severely impacted by scheduling delay of 5 ms, which heavily eats into the stringent 10ms PDB requirement. 
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Figure 1: FR1 UL AR 10 Mbps (10ms PDB) for Indoor Hotspot scenario
Observation 1: Enhanced CG scheme with flexible (re)allocation of PUSCH occasions outperforms baseline DG schemes. The performance improvement offered by enhanced CG over baseline DG is more pronounced for stringent PDB requirements (e.g. 10ms)
4. Conclusion
[bookmark: _Hlk101735808]In this contribution, the following observation and conclusions is made:
Observation 1: Enhanced CG scheme with flexible (re)allocation of PUSCH occasions outperforms baseline DG schemes. The performance improvement offered by enhanced CG over baseline DG is more pronounced for stringent PDB requirements (e.g. 10ms)

Proposal 1: For multi-PUSCH CG configuration, reuse at least the following CG parameters from R16 NR-U CG: 
· Number of consecutive PUSCH occasions per slot 
· Number of slots per CG period
Proposal 2: For multi-PUSCH CG, the parameter values from R16 NR-U CG corresponding to the number of PUSCHs in a slot and number of slots per period are used as baseline
Proposal 3: Discuss the following options on which PUSCH occasion can be used for indicating the unused PUSCHs 
· Option 1: First PUSCH occasion (e.g. UE indicates the number of PUSCHs and/or which of the PUSCH occasions are unused)
· Option 2: Nth PUSCH occasion, where N is configurable (e.g. UE indicates the remaining PUSCHs from the Nth occasion onwards are unused) 
Proposal 4: Discuss the following options on the signaling type to be used for indicating the unused PUSCH occasions in multi-PUSCH CG
· Option 1: CG-UCI (extend from NR-U by introducing a new bit-field)
· Option 2: New type of UCI  
Proposal 5: Discuss the following alternatives that can be used as baseline for extending the HARQ framework design for multi-PUSCH CG
· Alt 1: HARQ design for R16 NR CG 
· Alt 2: HARQ design for R16 NR-U CG
Proposal 6:  For multi-PUSCH CG, HARQ feedback is provided after each slot in a CG period (e.g. X symbols after the end of each slot)              

Annex A
The following show the parameters from TR 38.835 used in system level simulations for XR.
Table 1: Assumptions for System-level simulations
	Scenario
	Indoor hotspot
	Dense Urban

	Layout
	120m x 50m
ISD: 20m
TRP numbers: 12
	21 cell with wraparound
ISD：200m

	Carrier frequency
	FR1:4GHz
	FR1:4GHz


	Bandwidth
	FR1:100MHz
	FR1:100MHz


	Subcarrier spacing
	FR1: 30 kHz
	FR1:30kHz

	BS height
	3m
	25m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB
	FR1: 5 dB


	UE noise figure
	FR1: 9 dB
	FR1: 9 dB

	BS receiver
	MMSE-IRC
MMSE-IRC

	UE receiver
	

	UE speed
	3 km/h

	Channel estimation
	Realistic

	MCS
	Up to 256QAM

	BS antenna pattern
	Ceiling-mount antenna radiation pattern, 5 dBi
	3-sector antenna radiation pattern, 8dBi

	UE antenna pattern
	FR1: Omni-directional, 0 dBi,
	FR1: Omni-directional, 0 dBi,


	TX power 
	gNB: FR1: 24dBm/20MHz;

	gNB: FR1:44dBm/20MHz

	gNB antenna configuration 
	gNB:
· FR1:32Tx antenna port, (M,N,P,Mg,Ng; Mp,Np)=(4,4,2,1,1;4,4), (dH, dV) = (0.5, 0.5)λ
The antenna tilt is 90 degrees.
	gNB: 
· FR1:64 Tx antenna port, (M,N,P,Mg,Ng; Mp,Np)=(8,8,2,1,1;4,8), (dH, dV) = (0.5λ, 0.5λ)
The antenna tilt is 12 degrees.

	UE Tx power
	Max Tx power: 23 dBm, (P0 = -90, alpha = 1.0)
	Max Tx power: 23 dBm, (P0 = -74, alpha = 0.6)

	UE antenna configuration
	UE: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	UE distribution
	100% of users are indoor 3km/h
	80% of users are indoor, 20%of users are outdoor

	Number of UEs per cell
	Up to 12
	Up to 8

	Transmission scheme
	Reciprocity-based precoding

	Scheduling Algorithm
	DL: SU-MIMO with PF

	TDD Frame structure
	DDDSU (D:10D:2G:2U)

	Target BLER
	10% first transmission BLER

	HARQ/repetition
	3 HARQ retransmission

	Channel estimation
	Realistic Channel estimation

	CSI acquisition
	Realistic, CSI report periodicity 20ms, CSI processing delay is 4ms. CSI quantization

	Overhead
	3 symbols per 14 symbol (2 symbol PDCCH+1 symbol DMRS)

	UE receiver
	MMSE-IRC



Table 3: UL Traffic model for AR
	 
	
Aggregated video stream
(for AR) 


	Packet Arrival distribution
	Periodic (periodicity: 1/60fps) (no jitter)

	Data rate
	10 Mbps

	Packet Size distribution
	Truncated Gaussian, same parameters as DL 

	Air Interface PDB
	10ms

	Capacity KPI
[X, PDB]
	[99%,30ms] (baseline)

	Jitter
	Jitter: same model as for DL  
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