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[bookmark: _Ref100246227]Introduction
In Rel-17 “Study on XR Evaluation for NR” [1], the video stream in eXtended Reality (XR) and Cloud Gaming (CG) application, such as VR/AR and CG, are periodically generated based on the source codec frame generation rate, e.g. 60 FPS. For DL traffic in VR/CG, the packet inter-arrival time at the gNB would be varied caused by the delay jitter of network transport, while the packet arrival of the UL XR traffic would be periodic from the UE application layer to MAC/physical layer for scheduled UL transmission also with non-negligible delay jitter. The pose/control information as the classical UL XR traffic is usually generated with the 4ms periodicity with a small packet size, e.g. 100 bytes. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB).
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]A UE can transmit UL data using CG resources after configuration (of a CG Type 1) or activation (of a CG Type 2), without the need of receiving UL grant from the gNB. The UL configured grant also has a fixed amount of resource allocation at each periodicity. The reserved resource allocation could be based on average packet size or minimum packet size of XR service with consideration of the system resource utilization. The larger the resource is allocated for CG, the less number of CG users is supported. According to the TR 38.835[2], the enhanced CG transmission for XR-specific traffic could improve the UL system capacity. In the CG enhancement, multiple PUSCH occasions per CG period are pre-configured with the semi-statically configured periodicity not relying on the SR.
The study results of “Study on XR Enhancements for NR” [3] has the conclusion that the XR-specific capacity enhancements would mainly focus on the enhancements of CG PUSCH transmission, including multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE. 
The main potential technology points had been determined in RAN1#113 meeting [4], however, some remaining issues need to be further discussed.
In this contribution, we discuss the CG configuration for the non-consecutive CG PUSCHs transmission occasions based on the NR-U framework in Section 2. The remaining issues of the UTO-UCI, such as the UTO_period for the indication in the UTO-UCI are further discussed in Section 3.
The CG configuration for the non-consecutive CG PUSCHs transmission occasions
Based on the agreements in RAN1#113 [4], the time domain resource allocation for multi-PUSCH CGs had been determined based on the NR-U framework, in which the valid CG PUSCH in each of N consecutive slots per CG period would be the consecutive UL slots in time domain.
	Agreement
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.
· N is configured by higher layers
· 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.

Conclusion
For time domain resource allocation for multi-PUSCH CGs, there is no consensus for further enhancement for operation on TDD

Agreement
The UTO-UCI indication for a CG configuration is applicable to only valid CG PUSCH TOs, if any.
· Note: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB. Otherwise, it is valid.



However, the non-consecutive and valid CG PUSCH occasions in a multi-PUSCHs CG configuration should be supported to have the flexibility to adapt to the UL XR traffic arrival with jitter. The consecutive CG PUSCH occasions are configured for multi-PUSCHs CG in a XR packet generation period, UE can transmit the large size XR packet within interval in a timely matter. However, UL XR packet arrival from application layer to MAC/physical layer expects to have jitter. The consecutive CG PUSCH occasions would not adapt to the variation of the XR packet arrival time within a XR packet generation period. When the CG PUSCH occasions are not configured successively in a multi-PUSCHs CG period, UE would have buffer between CG occasions to adapt to the variation of XR traffic arrival from application layer based on the jitter information of UL XR traffic. In addition, the configuration of non-consecutive and valid CG PUSCH occasions could reserve some UL resources for the retransmission of the HARQ from prior CG occasion(s) in order to reduce the resource waste of the configured CG PUSCH occasions and the transmission delay.
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(a) Alt-1: Multiple offsets configured for the non-consecutive
 and valid CG PUSCH occasions per CG period
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(b) Alt-2: The bitmap configured for the non-consecutive
 and valid CG PUSCH occasions per CG period
Figure 1: The multi-PUSCHs CG configuration with the non-consecutive CG PUSCH occasions
The non-consecutive and valid CG PUSCH occasions can be configured during a CG period. There are two alternatives can be considered as following:
· Alt-1: Multiple offsets configured for the non-consecutive CG PUSCH occasions in a CG period. 
When the N consecutive slots and the offset value for the first CG PUSCH occasion are configured, the valid CG PUSCH occasions would be determined based on the available/valid UL slots in the TDD configuration. gNB could configure multiple offsets for the valid CG PUSCH occasions to with each offset associated with the CG occasion to achieve non-consecutive CG PUSCH occasions. As shown in Figure 1-(a), when the N=16 slots and timeDomainOffset=4 slots are configured, there are 4 valid CG PUSCH occasions are determined. The offset set {offset#1, offset#2,…, offset#M} are configured for each non-consecutive and valid CG PUSCH occasion, in which each offset is the time gap between the end of timeDomainOffset and the configured valid CG PUSCH occasion.
· Alt-2: The bitmap configured for the non-consecutive and valid CG PUSCH occasions. 
There is a bitmap with M bits for all valid CG PUSCH occasions in a CG period, in which the value “1” denotes the configured CG PUSCH occasion and the value “0” denotes no CG PUSCH occasion. For example, there is a bitmap with 4 bits, when the N=16 slots and timeDomainOffset=4 slots are configured as shown in Figure 1 - (b), in which the value “1010” denotes the non-consecutive and valid CG PUSCH occasions in the first CG period.
For the two alternatives above, the bitmap could be much simpler alternatives for the configuration of the non-consecutive and valid CG PUSCH occasions in a CG period. 
[bookmark: _Hlk142350680]Observation 1: For the two alternatives for the non-consecutive CG PUSCH occasions, the bitmap used in the indication of CG PUSCH occasion configuration could be much simpler than the multiple offsets configuration for the non-consecutive and valid CG PUSCH occasions.
Furthermore, the integer period of CG configuration cannot align with the non-integer XR packet generation period, e.g. 16.67ms for 60FPS. The non-equal period to the nearest integer period, such as 16ms or 17ms, would be chosen in the CG configuration in order to align with XR packet generation period. The certain time period, e.g. 50ms for 60FPS, including 3 frame periods can be applied to resolve the non-integer XR packet generation period problem, in which 3 CG periods with the values 17ms, 17ms, 16ms, respectively. The parameters of a CG configuration could be configured per N CG periods, e.g. N=3 for 60FPS. The bitmap for the non-consecutive and valid CG PUSCH occasions in the certain time period can be configured as “1010 101 101” as shown in Figure 2, in which the “1” denotes the configured CG PUSCH occasion and the value “0” denotes no CG PUSCH occasion.
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[bookmark: _Ref142342341]Figure 2: The multi-PUSCHs CG configuration with the non-consecutive CG PUSCH occasions
(CG PUSCH occasion pattern in a certain time period)
Observation 2: The bitmap used in the indication of CG PUSCH occasion configuration for the non-consecutive CG PUSCH occasion pattern in a certain time period could align with the non-integer XR packet generation period and CG period.
Thus, the non-consecutive CG PUSCH occasions should be supported in the specification to allow gNB implementation to allocate the resource of the CG occasions in adaptation to the variation of XR traffic arrivals from application.
Proposal 1: Multi-PUSCHs CG configuration should be supported including:
· The configuration of non-consecutive CG PUSCH occasions should be supported to provide the flexibility of gNB implementation for the adaptation of different XR traffic; 
· There are two alternatives to determine the non-consecutive CG PUSCH occasions should be considered as following:
· Alt-1: Multiple offsets configured for the non-consecutive CG PUSCH occasions in a CG period.
· Alt-2: The bitmap configured for the non-consecutive CG PUSCH occasions in a CG period or in certain time period, e.g. 50ms for 60FPS.
[bookmark: _Ref127277262]The information in UTO-UCI
According to the agreements in RAN1#112bis-e [5], the information in UTO-UCI had been defined as the “unused” CG PUSCH occasions and the UTO-UCI is transmitted in every CG PUSCH occasion. The main information of UTO-UCI had been agreed in RAN1#113[4]. However, there is still some remaining issues in the UTO-UCI needs to be further discussed, such as the UTO_period for the indication in the UTO-UCI.
	Agreement
Indication of UTO-UCI by CG PUSCHs associated to a CG configuration, is enabled by configuration of an RRC parameter.
· FFS on whether/how to extend to multiple CG configurations

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


According to the potential alternatives in the agreement in RAN1#113[4], there are two main aspects to be further discussed:
· The UTO_offset: the time offset between the CG PUSCH conveying a UTO-UCI and the start of the time of UTO_period.
· UTO-UCI indicator within a configured period or a sliding window: the UTO-UCI to indicate the UTOs within the configured period or to the sliding window.
The motivation of the UTO_offset is proposed that it can ensure the “unused” CG PUSCH occasions be reused for gNB. The UTO_offset could be configurable based on the gNB processing time. However, the processing time is different for the different gNB, which is transparent to the UE. UE can provide the additional information, i.e. the unused CG PUSCH information, to gNB and leave the decision of how to use them to the gNB. How to reuse the unused CG PUSCH should be up to gNB implementation based on its processing capability. UE could indicated the CG PUSCH within a UTO period, i.e. UTO_period, in which there is not any time offset between the UTO_UCI indicator and the start time of UTO_period.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Thus, the time offset between the UTO_UCI indicator and the start time of UTO_period would not be needed, i.e, UTO_Offset = 0.
Proposal 2: The time offset between the UTO_UCI indicator and the start time of UTO_period should not be specified, i.e, UTO_Offset = 0.

[bookmark: _Ref142315724][image: ]
[bookmark: _Ref142579861]Figure 3: The UTO-UCI indicator within the configured period
The UTO-UCI indicator within the configured period, e.g., XR packet generation period, could be much simpler implementation for gNB and could provide the additional information for alignment between gNB and UE. The UTO-UCI associated CG PUSCH occasions within the time duration in Option A-1a and Option A-2a are the same. According to the discussion in the RAN1#113 [4], the UTO-UCI in the Option A-1a and Option A-2a was commented to have the redundant information of the previous CG PUSCH occasions. However, the additional indication for the previous CG PUSCH occasions in the UTO-UCI within the configured period would be necessary to guarantee the alignment between gNB and UE in case of any mis-detection of CG PUSCH. For instance, when the previous CG PUSCH is not received successfully by gNB, UE could send the UTO-UCI with the utilization information of all CG PUSCH occasions within the configured period to the gNB. gNB can double check whether the packet in the previous CG PUSCH occasion was successfully received, as shown in Figure 3. 
Furthermore, the fixed configured period of UTO_period is confined within the CG period, i.e. XR traffic periodicity, and not extended outside the CG period, which is to avoid any prediction of future XR packet size and much simpler for gNB implementation. Especially for that the CG period is configured as the value equal to the XR traffic periodicity, UE only feedback the UTO-UCI for the current XR frame packets or XR PDU sets but not to predict the following XR packets.
Observation 3: The UTO-UCI indicator within the configured period could be much simpler implementation for gNB and could provide the additional information for alignment between gNB and UE.
[image: ]
[bookmark: _Ref142315752]Figure 4: UTO-UCI indicator to the sliding window
For the Option B-a and Option B-b2, the indicator to the sliding time duration or number of CG PUSCH occasions is applied. The motivation of these two alternatives is that the information within the UTO-UCI would be updated according to the timeline to avoiding the redundant indication for the previous CG PUSCH occasions. The drawbacks for the indicator to the sliding time duration or number of CG PUSCH occasions would not be neglected, such as the non-alignment between gNB and UE, the UTO_period disassociated with the CG period etc. 
Taken an example as shown in Figure 4, the packet including the UTO-UCI in the first valid CG PUSCH occasion is mis-detected and not received successfully. UE would continue to send the next the XR PDU at the second CG PUSCH occasion with the UTO-UCI piggybacked, in which the information is associated with the subsequent CG PUSCH occasions. gNB would receive the second packet and UTO-UCI without any information about the first CG PUSCH occasion, which results in the misalignment between the gNB and UE. Furthermore, when the XR PDUs might be successfully decoded out of order due to the jitter and HARQ retransmission, gNB might not obtain the full frame packet or PDU set due to the information lost in the previous CG PUSCH occasions. 
Another problem is that the sliding window, i.e. UTO_period, is disassociated with the CG period. During the discussion of the CG enhancement, the CG period is configured based on the XR frame period as well known. When the UTO-period is extended to the next CG period, UE needs to send the UTO-UCI based on the prediction of the next frame packet arrival time and the packet size. However, the prediction of the packet arrival time and the packet size need to be performed with the sliding window of UTO-UCI.
Observation 4: The drawbacks for Option B-a and Option B-b2 would not be neglected, such as the non-alignment between gNB and UE, the UTO_period disassociated with the CG period etc.
Proposal 3: The UTO_period should not be longer than the CG period, i.e. XR traffic periodicity, and not extended outside the CG period due to uncertain XR packet arrival time and packet size.
Proposal 4:  The Option A-1a as following should be supported, in which the value of UTO_period would not larger than XR traffic periodicity:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· 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.
Conclusion
In this contribution, we discuss the CG enhancement scheme for XR-specific traffic and have the following observations and proposals.
Observation 1: For the two alternatives for the non-consecutive CG PUSCH occasions, the bitmap used in the indication of CG PUSCH occasion configuration could be much simpler than the multiple offsets configuration for the non-consecutive and valid CG PUSCH occasions.
Observation 2: The bitmap used in the indication of CG PUSCH occasion configuration for the non-consecutive CG PUSCH occasion pattern in a certain time period could align with the non-integer XR packet generation period and CG period.
Observation 3: The UTO-UCI indicator within the configured period could be much simpler implementation for gNB and could provide the additional information for alignment between gNB and UE.
Observation 4: The drawbacks for Option B-a and Option B-b2 would not be neglected, such as the non-alignment between gNB and UE, the UTO_period disassociated with the CG period etc.
Proposal 1: Multi-PUSCHs CG configuration should be supported including:
· The configuration of non-consecutive CG PUSCH occasions should be supported to provide the flexibility of gNB implementation for the adaptation of different XR traffic; 
· There are two alternatives to determine the non-consecutive CG PUSCH occasions should be considered as following:
· Alt-1: Multiple offsets configured for the non-consecutive CG PUSCH occasions in a CG period.
· Alt-2: The bitmap configured for the non-consecutive CG PUSCH occasions in a CG period or in certain time period, e.g. 50ms for 60FPS.
Proposal 2: The time offset between the UTO_UCI indicator and the start time of UTO_period should not be specified, i.e, UTO_Offset = 0.
Proposal 3: The UTO_period should not be longer than the CG period, i.e. XR traffic periodicity, and not extended outside the CG period due to uncertain XR packet arrival time and packet size.
Proposal 4:  The Option A-1a as following should be supported, in which the value of UTO_period would not larger than XR traffic periodicity:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· 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.
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