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Introduction
[bookmark: _Ref494215420]For RAN Rel-18, a new WID “XR Enhancements for NR” has been approved in RAN#98e. RAN1 has been involved with the following areas: XR-specific capacity improvements [1]. 
	Specify the enhancements related to capacity:
-	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);



The contribution further discusses the issues for XR-specific capacity improvements, including multiple CG PUSCH transmission occasions (TOs) in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE [2].
Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK13][bookmark: OLE_LINK9][bookmark: OLE_LINK2]Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
As XR video frames are periodic and have high requirements for low latency, it is beneficial to adopt configured grant (CG) to transmit XR UL video frames, which does not require scheduling request (SR) and buffer status report (BSR). However, one CG PUSCH TO in a period maybe not enough to transmit a XR video frame with a large packet size. Therefore, it is necessary to configure multiple CG PUSCH TOs in a period to transmit large size video frame, and the impact of jitter can also be mitigated by multiple TOs.
TDRA determination of multiple CG PUSCH transmission occasions
Regarding the time domain resource allocation (TDRA) determination of multi-PUSCHs CG resources, an agreement was achieved in RAN1#113 meeting [3].
	Agreement
[bookmark: OLE_LINK10]For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
· Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
· Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· [bookmark: OLE_LINK22]N is configured by higher layers
· [bookmark: OLE_LINK14]A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· PUSCH is used in each of N consecutive slots per CG period
· Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.



The first issue is for multiple CG PUSCH occasions in a period, whether PUSCH repetitions can also be supported. We support this mixed pattern of multiple occasions and repetitions for CG PUSCH as XR traffic requires high reliability requirements. The repetitions of multi-PUSCHs within a CG configuration is an efficient method to improve its reliability.  Moreover, sometimes retransmission cannot be valid due to strict PDB. Therefore, repetition of CG PUSCH has its benefits for XR. 
In addition, support of repetition has minimum specification impact by reusing current framework. Specifically, for Type-1 CG-PUSCH, if repK is configured, the corresponding repetition factor  is applied for this multi-PUSCH CGs. For Type-2 CG-PUSCH, if the number of repetitions K is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table associated with activation DCI; otherwise K is provided by the higher layer configured parameters repK. UE can determine  consecutive slots for all multi-PUSCHs transmissions of a PUSCH repetition Type A within a CG configuration, where N is the number of multi-PUSCH allocated within a configured grant. 
[bookmark: OLE_LINK17]Proposal 1: Support repetition for a multi-PUSCHs CG configuration.

[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The second issue is retransmission of multiple TBs with a single DCI with corresponding initial transmissions with CG PUSCHs. If there is no need to support dynamic multi-PUSCH, actually it is true for XR traffic, to support re-transmission of multi-PUSCH CGs by a single DCI would increase the total DCI size. But it would reduce the singling overhead of PDCCH. Considering to support this feature, further enhancements at least including the following aspects. 
· It seems that only DCI format with pusch-TimeDomainAllocationListForMultiPUSCH can be applied for multi-PUSCH CGs re-transmission scheduling.
· A single SLIV is determined from TDRA for multi-PUSCH CGs initial transmission in a configured period. For re-transmission, different SLIVs can be indicated by DCI like Rel-17 multi-PUSCH. From our perspective, the latter is hard to be extended.
· NDI fields can be used to indicate which PUSCH occasion in a CG period need to re-transmit. 
[bookmark: OLE_LINK25]Proposal 2: Support retransmission of multiple TBs with a single DCI with corresponding initial transmissions with CG PUSCHs.

[bookmark: OLE_LINK24][bookmark: OLE_LINK26]The third issue is extending SPS PDSCHs collision resolution for CG PUSCHs, it is not necessary to do this enhancement. Because the multi-PUSCH occasions in a CG period is similar as CG-PUSCH repetitions, N is configured by higher layers, the first CG-PUSCH occasion is same as the legacy rule. There is no difference between those two CG-PUSCH type, also one is repetition, another is different TB. From this point of view, SPS PDSCHs collision resolution for CG PUSCHs can reuse the legacy mechanism. 
[bookmark: OLE_LINK29]Proposal 3: It is not necessary to enhance SPS PDSCHs collision resolution for CG PUSCHs.

[bookmark: OLE_LINK30]The forth issue is whether to support one TB over multiple slots. It is out of scope of Rel-18 XR WI. So it can be down prioritized. 
Proposal 4: It is not necessary to support one TB over multiple slots for multi-PUSCH CGs in a CG period.
[bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK16]Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
According to large and varying packet size, [4] provides the maximum packet size of DL video and AR UL traffic is 3 times of minimum value. The size of a packet is determined by the given data rates and frame rates, which is modelled as a random variable following truncated Gaussian distribution. A packet of UL pose/control traffic is relatively fixed, i.e. VR/CG UL traffic.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK12][bookmark: OLE_LINK18][bookmark: OLE_LINK32]As CG PUSCH occasions is semi-statically configured, it cannot adapt the varying size of XR video frames. If the number of CG PUSCH occasion(s) is larger than the actual required number, the CG PUSCH occasion(s) may be wasted; while if the number of CG PUSCH occasion(s) are not large enough to transmit the current XR video frame, additional DG scheduling is required, which will cause additional delay and may not meet the requirements of PDB, as well as additional DCI overhead is needed. To avoid the delay, multiple CG PUSCH transmission occasions in a period should be able to transmit a relatively large XR frame. However, it may cause a waste of unused CG PUSCH occasion(s). When a UL XR video frame arrives, UE knows how many PUSCH occasion(s) are needed for this frame, and which PUSCH occasions are not used. It is necessary to dynamically indicate the unused CG PUSCH occasion(s) based on UCI by the UE. Then the network can free this unused occasions and recycle them to schedule other UEs, so as to improve the system capacity. 
What information the UCI contains?
Regarding the content of UTO-UCI, an agreements was achieved in RAN1#113 meeting [3].
	Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· 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 valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
Option B-b2:
· 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



Among all those four options, Option B-a and Option B-b2 can be excluded first. Because UE cannot predict the traffic in the latter XR traffic periods. So the sliding window for UTO periods or CG-PUSCH TOs cannot work. 
Between Option A-1a and Option A-2a, the only difference is UTO-UCI on the transmitted CG PUSCH whether or not applicable to the CG-PUSCH TOs within the UTO period or only TOs after UTO_offset from the end of the transmitted CG PUSCH. Both of them can work well, so we are fine with either Option A-1a and Option A-2a.
Proposal 5: For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, support either Option A-1a and Option A-2a.

Furthermore, according to the FFS points in Option A-1a and/or Option A-2a, we give our considerations below. 
Configure the RRC parameter UTO_period
As for the range value of UTO_period, there are two options in the above agreement. 
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
In our opinion, Alt-1 is preferred, i.e., to configure the range value of UTO_period in time unit (e.g., XR traffic periodicity). UE only have a knowledge of how many CG PUSCH transmission occasion(s) need to be used in current XR traffic periodicity. And UE doesn’t know the XR packet in the next XR traffic periodicity, even if the UTO-UCI used to indicate the unused CG PUSCH TO(s) is related to the next XR traffic periodicity, which can’t be determined by UE. As for Alt-2, it needs further clarification whether the CG periodicity is consistent with XR traffic periodicity. It is not clear the intention of configuring multiple of CG periodicity in one XR traffic periodicity.
Proposal 6: Configure the RRC parameter UTO_period, and the range value of UTO_period is in time unit (e.g., XR traffic periodicity).

The offset value
For Option A-2a, the other issue needs to be considered is about the offset value. From our perspective, when the unused CG PUSCH occasions is re-cycled and scheduled to other UEs by gNB, a time offset is required between the transmitted CG PUSCH carrying UTO-UCI and the unused CG PUSCH TO(s). UTO-UCI is included in every CG PUSCH that is transmitted in UTO_period, and UL XR packets need to be sent as soon as possible when it arrives. Except for scenarios where some CG PUSCH occasion(s) are skipped due to the collision with semi-static UL/DL symbol(s), the unused PUSCH TO(s) should be located in the end of the UTO_period to ensure early XR packet transmission as soon as possible. gNB knows the location of the unused CG PUSCH TO(s) when the first transmitted CG PUSCH carrying with the UTO-UCI. Moreover, if the gNB does not receive the early indication when UL jitter exists. It is acceptable that first a few of CG PUSCH occasion(s) may be wasted. 
In addition, there is no need to consider the issue on specify a UTO_Offset between the transmitted CG PUSCH and the UTO_period. If the UTO_Offset exists, the indication in UTO-UCI may related to the next XR traffic periodicity, which can’t be determined by UE. That is to say, the UTO_Offset = 0.
Proposal 7:  To determine the indicated CG PUSCH by a UTO-UCI indication, support that UTO_offset = 0.

The bit-map determined by UTO-UCI
The other issue is about the bit-map determined by UTO-UCI. There are two alternatives as described in the FL summary in RAN 1#113 meeting [5].
	For a CG configuration with UTO-UCI indication enabled, select one of the following alternatives:
· Alt-1) The UTO-UCI includes a bit-map of Nx bits. Nx is ¨determined by configuration. 
· Note: The size of bit-map is the same for different UTO-UCI indication.
· Alt-2) The UTO-UCI includes a bit-map of Nx bits. The maximum value of Nx is Nx_max. Nx_max is determined by configuration.
· Note: The size of bit-map may vary for different UTO-UCI indication. 

Note: A bit in the bit-map with value “1” implies that the corresponding CG PUSCH TO is indicated as “unused”. A bit in the bit-map with value “0” implies that the corresponding CG PUSCH TO is indicated as “ NOT unused”.


In our opinion, if Option A-1a list in the agreement above is selected, we prefer to select Alt-1. If Option A-2a list in the agreement above is selected, we prefer to select Alt-2. We have two examples in Figure 1 and Figure 2 to describe more clearly.
[bookmark: _GoBack]In Figure 1 and Figure 2, The UTO_period is equal to one XR traffic periodicity. Assuming 8 CG PUSCH occasions are configured in a CG period corresponding to one XR traffic periodicity, which means the size of the bit-map in the UTO-UCI is 8 bits and is the same for different UTO-UCI indication. A bit in the bit-map with value “1” implies that the corresponding CG PUSCH TO is indicated as “unused”. A bit in the bit-map with value “0” implies that the corresponding CG PUSCH TO is indicated as “ NOT unused”.
The size of bit-map is the same for different UTO-UCI indication with Option A-1a is shown in the Figure 1. Nx is determined by configuration with the number of CG PUSCH occasions in UTO_period, that is, 8 bit. The bitmap corresponding to UTO_period is set to 00001111, the last four CG PUSCH occasions are unused and the first four CG PUSCH occasions are used. A fixed size of the bit-map, which is much easier to configure and do not require any additional parameter compared to Alt-2. The size of the bitmap in the UTO-UCI may be equal to the number of the multiple CG PUSCH TOs in UTO_period.
The size of bit-map may vary for different UTO-UCI indication with Option A-2a is shown in the Figure 2. Assuming the UTO_offset is 0, Nx_max is determined by configuration with the number of CG PUSCH occasions in UTO_period, that is, 8 bit. In the first CG PUSCH, the bitmap corresponding to UTO_period is set to 00001111. In the second CG PUSCH, the bitmap corresponding to UTO_period is set to 0001111. In the third CG PUSCH, the bitmap corresponding to UTO_period is set to 001111. In the fouth CG PUSCH, the bitmap corresponding to UTO_period is set to 01111. The bitmap is vary for different UTO-UCI indication. It is necessary to indicate the past CG PUSCH TO, which offers more flexibility.


Figure 1: same bit-map size for different UTO-UCI indication with Option A-1a.


Figure 2: vary bit-map size for different UTO-UCI indication with Option A-2a

Proposal 8: For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, support one of the following alternatives:
· Alt-1 with Option A-1a.
· Alt-1) The UTO-UCI includes a bit-map of Nx bits. Nx is ¨determined by configuration. 
· Note: The size of bit-map is the same for different UTO-UCI indication.
· Alt-2 with Option A-2a.
· Alt-2) The UTO-UCI includes a bit-map of Nx bits. The maximum value of Nx is Nx_max. Nx_max is determined by configuration.
· Note: The size of bit-map may vary for different UTO-UCI indication. 
Note: Option A-1a and Option A-2a corresponding to the agreement in RAN1#113.

Conclusion
In this contribution, we discuss the enhancements related with capacity improvements, and give the following observations and proposals. 
Proposal 1: Support repetition for a multi-PUSCHs CG configuration.
Proposal 2: Support retransmission of multiple TBs with a single DCI with corresponding initial transmissions with CG PUSCHs.
Proposal 3: It is not necessary to enhance SPS PDSCHs collision resolution for CG PUSCHs.
Proposal 4: It is not necessary to support one TB over multiple slots for multi-PUSCH CGs in a CG period.
Proposal 5: For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, support either Option A-1a and Option A-2a.
Proposal 6: Configure the RRC parameter UTO_period, and the range value of UTO_period is in time unit (e.g., XR traffic periodicity).
Proposal 7:  To determine the indicated CG PUSCH by a UTO-UCI indication, support that UTO_offset = 0.
Proposal 8: For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, support one of the following alternatives:
· Alt-1 with Option A-1a.
· Alt-1) The UTO-UCI includes a bit-map of Nx bits. Nx is ¨determined by configuration. 
· Note: The size of bit-map is the same for different UTO-UCI indication.
· Alt-2 with Option A-2a.
· Alt-2) The UTO-UCI includes a bit-map of Nx bits. The maximum value of Nx is Nx_max. Nx_max is determined by configuration.
· Note: The size of bit-map may vary for different UTO-UCI indication. 
Note: Option A-1a and Option A-2a corresponding to the agreement in RAN1#113.

Reference
[bookmark: _Ref100505738][bookmark: OLE_LINK28]RP-223502, “New WID on XR Enhancements for NR”, RAN#98e, December 12-16, 2022.
R1-2304572, “Discussion on XR-specific capacity enhancements”, RAN1#113, May 22nd – May 26th, 2023.
Chair's notes, RAN1#113.
TR 38.838, Study on XR (Extended Reality) Evaluations for NR.
R1-2306089, “Moderator Summary#4 (Final) – XR Specific Enhancements”, RAN1#113, May 22nd – May 26th, 2023. 
image2.emf
CG-

PUSCH 

#5

CG-

PUSCH 

#3

CG-

PUSCH 

#1

CG-

PUSCH 

#2

CG-

PUSCH 

#4

A UTO_ period, values in time unit (e.g., XR traffic periodicity)

Unused PUSCH occasions

CG-

PUSCH 

#6

CG-

PUSCH 

#7

CG-

PUSCH 

#8

UTO-UCI with 

00001111

UTO-UCI with 

0001111

UTO-UCI with 

001111

UTO-UCI with 

01111

UTO_Offset =0

UTO_Offset =0

UTO_Offset =0

UTO_Offset =0


Microsoft_Visio___1.vsdx
CG-PUSCH #5
CG-PUSCH #3
CG-PUSCH #1
CG-PUSCH #2
CG-PUSCH #4
A UTO_ period, values in time unit (e.g., XR traffic periodicity)
Unused PUSCH occasions
CG-PUSCH #6
CG-PUSCH #7
CG-PUSCH #8
UTO-UCI with 00001111
UTO-UCI with 0001111
UTO-UCI with 001111
UTO-UCI with 01111
UTO_Offset =0
UTO_Offset =0
UTO_Offset =0
UTO_Offset =0



image1.emf
CG-

PUSCH 

#5

CG-

PUSCH 

#3

CG-

PUSCH 

#1

CG-

PUSCH 

#2

CG-

PUSCH 

#4

A UTO_ period, values in time unit (e.g., XR traffic periodicity)

Unused PUSCH occasions

CG-

PUSCH 

#6

CG-

PUSCH 

#7

CG-

PUSCH 

#8

UTO-UCI with 

00001111


Microsoft_Visio___.vsdx
CG-PUSCH #5
CG-PUSCH #3
CG-PUSCH #1
CG-PUSCH #2
CG-PUSCH #4
A UTO_ period, values in time unit (e.g., XR traffic periodicity)
Unused PUSCH occasions
CG-PUSCH #6
CG-PUSCH #7
CG-PUSCH #8
UTO-UCI with 00001111



