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Introduction
[bookmark: _Hlk30969022]In RAN1#110b-e meeting, XR-specific capacity enhancements techniques were discussed with the following agreements:
Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 
In this contribution, we discuss the capacity enhancement for supporting XR services.
Discussion
1. 
2. 
1) Increase CG PUSCH transmission occasions in a duration
According to earlier RAN1 discussions on traffic model, the packet size is very large. Taking AR/VR 10Mbps as example, the mean packet size is 20833 bytes. If 100MHz bandwidth with 30kHz SCS is used for transmission and 16 QAM and 1/3 code rate is assumed, 4 slots are required to transmit the maximum and the minimum packets respectively. Therefore, multiple CG PUSCH transmission occasions in each period should be supported to reduce the detection of PDCCH. 
Furthermore, multiple CG PUSCH transmission occasions in each period can also resolve the periodicity mismatch issue. One example is shown in Figure 1, to support 60fps for UL video, the periodicity is configured as 50ms instead of 50/3ms, but three sets of PUSCH occasions are evenly configured in each CG period. In this way, it is no need to define new periodicities.


Figure 1: Multiple CG PUSCH transmission occasions in a 50ms-period (60fps)
The following alternatives to support multiple CG PUSCH transmission occasions in each period were proposed in RAN1 #110b:
· Alt-1: Single CG configuration with multiple PUSCH occasions per CG period
· Alt-2: Single DCI based activation of multiple CG configurations.
We prefer Alt-1, because it does not consume too much CG configurations for one traffic. To configure multiple PUSCH occasions per CG period for Alt-1, the following methods can be considered:
· Option 1: Using multi-slot TDRA for a CG configuration.
· Option 2: Multiple PUSCH occasion offsets per CG period are configured by RRC, and R17 CG activation is reused. The same symbols are used for CG transmission in the multiple PUSCH occasions.
R17 multi-slot TDRA can support at most 8-slot PUSCH transmission. If reuse R17 multi-slot TDRA for option 1, it may be not enough to solve the periodicity mismatch issue. Furthermore, if single-slot scheduling is used by DG, it is inefficient to increase DCI size to support multi-slot TDRA for CG activation. Then how to determine the TDRA field for CG activation should be discussed. We prefer option 2, because Option 2 has little impact on PHY specification and only multiple PUSCH offsets need to be defined in RRC signaling. 
Proposal 1: RAN1 prioritizes single CG configuration with multiple PUSCH occasions per CG period.
Proposal 2: To configure multiple PUSCH occasions per CG period, multiple PUSCH occasion offsets per CG period are configured by RRC, and R17 CG activation is reused.

2) Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
Assuming M (>1) CG PUSCH occasion(s) is configured and dynamic indication is transmitted in the first CG PUSCH occasion, we compared the following three dynamic indication schemes of the unused CG PUSCH occasion(s) or resource(s) by the UE:
· Case 1: Dynamic indication of the last N CG PUSCH occasion(s), where 0 < N < M. 
· [bookmark: _Hlk118386913]Case 2: Dynamic indication of the last T CG PUSCH occasion(s), where 0≤T < M. The first CG PUSCH occasion is always fully transmitted. If , the indication can further include the RB(s) in the th CG PUSCH occasion.
· Case 3: Dynamic indication of the last S CG PUSCH occasion(s), and the indication can further include the RB(s) in the th CG PUSCH occasion, where 0≤S < M. The first CG PUSCH occasion may be partially transmitted.


Figure 2: Dynamic indication schemes of the unused CG PUSCH occasion(s) or PRB(s) by the UE
For case 1, the indication overhead of case 1 is lowest, since slot-level indication is enough. However, compared with case 1, case 2 and case 3 can save 17.2% and 17.5% RBs respectively. Table 1 shows the comparison between dynamic indication schemes of the unused CG PUSCH occasion(s) or resource(s) by the UE, and the simulation parameters are listed in Table 2. The gain of case 2 is almost same as case 3, and the advantages of case 2 include:  
· Simple reception of CG-UCI which is multiplexed on fixed REs;
· No additional time delay for decoding the first CG PUSCH.
Proposal 3: RAN1 prioritizes dynamic indication of the unused CG PUSCH occasion(s) and/or PRB(s) in one CG PUSCH occasion by the UE. PUSCH occasion carrying dynamic indication (i.e., the 1st occasion) is always transmitted in full resources.
Table 1: Comparison of dynamic indication schemes of the unused CG PUSCH occasion(s) or resource(s)
	
	Avg. number of consumed RBs
(per UE per packet)

	The maximum packet size
	840.8

	Case 1
	679.1

	Case 2
	562.2

	Case 3
	560.5



In RAN1 #110b, the following alternatives were proposed to dynamically indicate the unused CG PUSCH occasion(s) or resource(s) by the UE:
· Alt-1: Dynamic indication based on CG-UCI
· Alt-2: Dynamic indication based on new dedicated UCI
· Alt-3: Dynamic indication based on MAC CE
In order to fast identify the unused occasion(s) or resource(s), we prefer to use physical layer signaling for indication. The main advantage of Alt-1 compared with Alt-2 is no additional impact on multiplexing procedure, i.e. channel coding, rate matching and resource mapping, and only new information is needed to be defined.
Proposal 4: Dynamic indication based on CG-UCI should be used to indicate the unused CG PUSCH occasion(s) and/or RB(s) in one PUSCH occasion.

3) Non-integer period
In earlier RAN1 meetings, it was agreed that 60 frame per second (fps) is baseline for both DL and UL video stream and 30 fps, 90 fps as well as 120 fps can be also optionally evaluated. Based on the formula of arrival time of packet, the corresponding periodicities are {33.33ms, 16.67ms, 11.11ms, 8.33ms}. It is easy to observe that the periodicity of XR/CG and periodicity of CG are not matched. As discussed above, configure multiple CG PUSCH transmission occasions in a duration can solve the periodicity mismatch issue. Another way is to introduce non-integer number(s) in the periodicity of CG. The UE needs to calculate/derivate the PUSCH occasion(s) based on the non-integer value by using the enhanced CG occasion calculation formula, i.e. the current CG occasion formula with ceiling operation:
· CG Type 1:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	ceiling(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity)
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
· CG Type 2:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	ceiling((SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity)
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
The following periodicities are supported for CG depending on the configured subcarrier spacing [symbols]
· {100/3/14, 50/3/14, 100/9/14, 25/3/14} for 15kHz
· 0.5 x {100/3/14, 50/3/14, 100/9/14, 25/3/14} for 30kHz
· 0.25 x {100/3/14, 50/3/14, 100/9/14, 25/3/14} for 60kHz with normal CP
· 0.25 x {100/3/12, 50/3/12, 100/9/12, 25/3/12} for 60kHz with ECP
· 0.125 x {100/3/14, 50/3/14, 100/9/14, 25/3/14} for 120kHz
· 0.0625 x {100/3/14, 50/3/14, 100/9/14, 25/3/14} for 480kHz
· 0.03125 x {100/3/14, 50/3/14, 100/9/14, 25/3/14} for 960kHz
Proposal 5: The periodicity mismatch issue can be solved by introducing non-integer values for CG periodicity and adding ceiling operation in CG occasion calculation formula.
Conclusions
In this contribution, we discuss the capacity enhancement for supporting XR services with following proposals:
Proposal 1: RAN1 prioritizes single CG configuration with multiple PUSCH occasions per CG period.
Proposal 2: To configure multiple PUSCH occasions per CG period, multiple PUSCH occasion offsets per CG period are configured by RRC, and R17 CG activation is reused.
Proposal 3: RAN1 prioritizes dynamic indication of the unused CG PUSCH occasion(s) and/or PRB(s) in one CG PUSCH occasion by the UE. PUSCH occasion carrying dynamic indication (i.e., the 1st occasion) is always transmitted in full resources.
Proposal 4: Dynamic indication based on CG-UCI should be used to indicate the unused CG PUSCH occasion(s) and/or RB(s) in one CG PUSCH occasion.
Proposal 5: The periodicity mismatch issue can be solved by introducing non-integer values for CG periodicity and adding ceiling operation in CG occasion calculation formula.
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Appendix
Table 2: Simulation parameters for Dense Urban
	Parameters
	Value

	Scenario
	Dense Urban 
hexagonal layout with (19, 3) Sectors

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Duplex Mode / Simulation bandwidth
	100MHz

	SCS
	30KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
 (dH, dV) = (0.5λ, 0.5λ)

	UE Antenna Configuration
	4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	Transmit Power
	51dBm

	Antenna Height
	3 m for BS and 1.5 m for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE speed
	3km/h

	Scheduling Algorithm
	SU-MIMO+PF

	Channel estimation
	Realist

	BS receiver
	MMSE-IRC
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