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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 with 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 [3], the enhanced CG transmission for XR-specific traffic could improve the UL system capacity. In the CG enhancement, the multiple PUSCH occasions per CG period are pre-configured with certain periodicity without relying on SR and the UE can indicate to gNB unused CG PUSCH occasion(s) based on UCI.
According to the scope of Work Item “Study on XR Enhancements for NR” [3], the XR-specific capacity enhancements 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. 
	RP-223502, New WID on XR Enhancements for NR
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);
-	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 firstly review the multiple occasions of CG transmission in Rel-16 in Section 2.1. The potential discussion issues of enhanced CG transmission are discussed in Section 2.2. The consideration about the configuration of the multiple CG occasions in a period and determination of transmission occasions are provided in Section 2.3 and Section 2.4, respectively. The control signaling carried in UCI to indicate the occupation of transmission occasion is discussed in Section 3.
The multiple CG occasions in a period
0. The resource allocation in Rel-16 CG transmission 
In Rel-16 CG transmission, the time domain resource allocation of the CG PUSCH occasion can be configured or indicated as the either of the following PUSCH mapping types in Table 6.1.2.1-1 in TS 38.214[4]. 
Table 6.1.2.1-1: Valid S and L combinations
	[bookmark: MCCQCTEMPBM_00000109]PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A (repetition Type A only)
	0
	{4,…,14}
	{4,…,14} 
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…,12}
	{1,…,12} for repetition Type A, {1,…,23} for repetition Type B


 
When the repetition is applied in the Rel-16 CG transmission, the multiple CG PUSCH occasions can be configured based on the repetition number in a CG period. There are three types of PUSCH repetition in CG PUSCH transmission, as following:
· PUSCH repetition Type A with a Type 1 or Type 2 configured grant (as shown in Figure 1): The initial Transport Block Size (TBS) is determined based on the the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S. The PUSCH mapping type is set to Type A or Type B. For the PUSCH repetition Type A, the S+L is not larger than 14, i.e. the Transport Block (TB) is in a slot.
· PUSCH repetition Type B with a Type 1 or Type 2 configured grant (as shown in Figure 2): The initial TBS is determined based on the the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S. The PUSCH mapping type is set to Type B. In this case, S+L can be larger than 14, i.e. the TB can cross a slot.
· TB processing over multiple slots with a Type 2 configured grant (as shown in Figure 3): The initial TBS is determined based on the number of slots used for TBS determination, the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S. The PUSCH mapping type is set to Type A or Type B. For the processing over multiple slots, the S+L is not larger than 14 but the TB is over multiple slots.
[image: ]
[bookmark: _Ref127286298]Figure 1. PUSCH repetition Type A with a Type 1 or Type 2 configured grant
[image: ]
[bookmark: _Ref127286327]Figure 2. PUSCH repetition Type B with a Type 1 or Type 2 configured grant
[image: ]
[bookmark: _Ref127545718][bookmark: _Ref127545712]Figure 3. TB processing over multiple slots with a Type 2 configured grant
The above PUSCH repetition among the multiple transmission occasions in CG PUSCH transmission can be considered as the starting point of the multiple transmission occasions in the enhanced CG transmission.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: The multiple transmission occasions of PUSCH repetition in CG PUSCH transmission can be considered as the starting point of the multiple transmission occasions discussion in the enhanced CG transmission. 
0. [bookmark: _Ref127209487]The potential discussion issues in enhanced CG transmission 
Apart from the Transport Block (TB) repetition transmission in CG PUSCH transmission for coverage enhancement, the enhanced CG transmission is used for the XR-specific traffic with the variable packet size and arrival time. More than one TB transmission and using less than the reserved resource should be both supported in a CG period.
The procedure of enhanced CG transmission and detailed discussion issues are provided as following:
· gNB would configure the parameters of the enhanced CG transmission that via the high layer signaling. The higher layer signaling parameter configuration of enhanced CG transmission should be further discussed, especially for the procedure impacting to the UE behaviors in CG transmission, e.g. the periodicity, the number of CG transmission occasions in a CG period, the pattern of multiple CG transmission occasions in a CG period, the resource mapping type of the CG PUSCH occasion etc. The detailed discussion can refer Section 2.2.
· gNB would configure or activate a CG configuration for UE, whether the Type 1 CG and Type 2 CG for enhanced CG transmission are both considered. For the Type 1 CG, the reserved resource would be configured with the consideration of both the variable packet size and the traffic arrival time of a XR data burst, which is a XR frame generated within a short period of time and contains one or more PDUs. For the Type 2 CG, the configured grant transmission can be activated by DCI after the SR for the first XR-specific packet and the resource is reserved based on the BSR information.
· The UE behaviors in enhanced CG transmission needs to be specified, such as allowing UE to transmit different TBs among the multiple CG PUSCH occasions in a CG period, which is different from the existing Rel-16 CG transmission. Furthermore, UE should be allowed to transmit the transport blocks at any of the CG PUSCH occasion(s) for the uncertain packet arrival time.
· During a CG period, less CG transmission occasions than those configured in a CG period could be used for XR-specific traffic transmission. UE would send the transmission occasion utilization information to inform gNB to improve the resource utilization. The detailed transmission occasion utilization information, such as information related to the unused CG transmission occasions, should be carefully discussed.
· The design of UCI to carry the transmission occasion utilization information would be further specified, such as new UCI or CG-UCI.
Proposal 2: The following issues of the enhanced CG transmission should be further specified including:
· The parameter configuration of enhanced CG transmission;
· The type of enhanced CG transmission for XR-specific traffic transmission;
· The UE behaviors in the enhanced CG transmission;
· The detailed information related to the transmission occasion utilization carried in UCI;
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]The design of UCI to carry the transmission occasion utilization information.
0. The configuration of multiple CG occasions in a CG period
Similar to the CG configuration in Rel-16, the parameters which have the potential impact to the enhanced CG transmission for XR listed in the following should be further discussed.
For the parameters related to the time domain resource allocation:
· The number of the transmission occasions in a CG period should be separately configured for the enhanced CG PUSCH transmission for XR services. According to the motivation of CG enhancement, the multiple CG transmission occasions are used for the UL packet transmission with variable packet size during a CG period. It can be configured based on the average packet size or the upper bound of the packet size, which is indicated by the application layer, to ensure the sufficient UL resource for XR transmission at each period
· The resource mapping type of the CG PUSCH occasion, i.e. PUSCH mapping type A or type B, would affect the different TBs transmission among the transmission occasions, especially for the repetition type B. When the S+L is larger than 14, the nominal TB would be segmented into several TB segments, which can increase the complexity of transmission. 
· The pattern of the multiple transmission occasions in a CG period, e.g. centralized or distributed in a CG period, and the same pattern in a slot of each transmission occasion should be both supported in enhanced CG transmission. 
· The position information of the multiple transmission occasions, such as the offset of the transmission occasion for the first Transport Block (TB) in a CG period and the time gap between the adjacent transmission occasions, would be also considered to support the flexible transmission occasion configuration for XR-specific traffic transmission.
Furthermore, the other parameters related to the resource allocation, such as MCS, number of symbols, number of PRBs, number of layers, would not be adjusted in a CG period from the scope of Work Item “Study on XR Enhancements for NR” [3]. The parameters related to the frequency domain resource allocation and spatial domain resource allocation could be the same as those in Rel-16 CG transmission for the less specification impact. 
Proposal 3: The following configuration parameters related to time domain resource allocation should be mainly discussed including:
· The number of the transmission occasions in a CG period;
· The resource mapping type of the CG PUSCH occasion, i.e. PUSCH mapping type A or type B;
· The pattern of the multiple transmission occasions in a CG period, e.g. centralized or distributed in a CG period;
· The position information of the multiple transmission occasions, such as the offset of the transmission occasion for the first Transport Block (TB) in a CG period and the time gap between the adjacent transmission occasions.
Proposal 4: The parameter configuration related to the frequency domain resource allocation and spatial domain resource allocation could be the same as those in Rel-16 CG transmission for the less specification impact.
0. Determination of Transmission occasions
When multiple transmission occasions are introduced in a CG period, the key aspect of UL CG transmission for XR packet would be the determination of transmission occasions, i.e. when to transmit the data packets and how much data would be sent. We mainly discuss the decision matrices of UL CG transmission occasions for XR.
In the repetition transmission in Rel-16 CG, the packet is always transmitted from the first transmission occasion in a CG period and for K repetition, in which the first transmission is configured by RRC signaling or activated by DCI. The TBS (TB size) is determined based on the reserved resource and the MCS of one transmission occasion, or based on that over the multiple slots, if the TB processing over multiple slots is supported. Therefore, all of reserved resources in a CG period are used for the TB transmission. 
However, it is different from the repetition transmission in Rel-16 CG that multiple transmission occasions in the enhanced CG transmission for XR are introduced for adapting the large range of packet size for XR-specific traffic. The resource in a CG period can be reserved in advance as large as possible to reduce the unnecessary waiting time of any remaining TB due to insufficient resource reserved for XR. When the packet size in UE buffer is less than the reserved resource, UE could use a part of transmission occasions in a CG period and the unused CG transmission occasions can be released for other users. The occupation of the transmission occasions, such as the unused CG transmission occasions, would be fed back to gNB via the UCI. Then, the gNB could dynamically schedule the other users on the unused CG transmission occasions. The detailed information carried in UCI can be found in Section 3. Thus, UE could use a part of the configured CG transmission occasions in a CG period.
Furthermore, the TB processing over the multiple slots should also be supported in the enhanced CG transmission for the larger XR packet transmission. When the packet size is larger than the reserved resource of the single CG occasion, UE could send the packet at the adjacent CG transmission occasions, i.e. the TBS is determined over the multiple slots. The number of sequent transmission occasions is configured by high layer signaling. Moreover, when the XR packets arrive at the gNB associated with the same frame, or the same PDU set, UE could also transmit these packet sets together as a TB at the sequent transmission occasions. If the TB processing over multiple slots is supported in the enhanced CG transmission, a HARQ processing can be associated with the multiple transmission occasions, which can reduce the budget of HARQ processing.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 5: When the multiple CG transmission occasions configured in a CG period, UE could use a part of the configured CG transmission occasions.
Proposal 6: The TB processing over multiple slots should also be supported in enhanced CG transmission.
1. [bookmark: _Ref127277262]UCI design on the unused Tx occasions
When the multiple transmission occasions are configured in a CG period in a single CG configuration, UE can transmit the UL packets at some or all of the CG transmission occasions. UE would send the information about the utilization of the transmission occasions to inform gNB which CG occasions are unused. The two options of UCI were proposed, i.e. new UCI or CG-UCI. 
Since the overhead of UCI related to the utilization of the transmission occasions limits the type of UCI, we propose that the detailed information carried in the UCI would be prioritized, and then further consider which type of UCI to be chosen. gNB could configure the resource of UCI
The main potential indications carried in UCI are listed as following:
· Option 1: The bitmap indication to indicate the utilization of each transmission occasion or each transmission occasion group, as shown in Figure 4-(a);
· Option 2: The used/un-used indication to indicate whether the following transmission occasion(s) or transmission occasion group(s) in the CG period are used or unused, as shown in Figure 4-(b);
· Option 3: The transmission occasion skipping indication to indicate skipping a number of following transmission occasions or transmission occasion groups in the CG period, as shown in Figure 4-(c).
[image: ] 
(a) Option 1: The bitmap indication

 (b) Option 2: The used/un-used indication 

(c) Option 3: The transmission occasion skipping indication 
[bookmark: _Ref127285379]Figure 4. The potential indications carried in UCI
For Option 1, the size of information field is N bits associated with the number of transmission occasions or transmission groups. A “1” value for a bit indicates a used occasion (group) and a “0” value for a bit indicates an unused occasion (group). When the CG periodicity is aligned with the periodicity of the XR traffic with offset for MAC/physical layer process, the indication could be used to indicate the CG occasion utilization in a CG period, e.g. the indication is sent at the beginning of a CG period since the MAC/physical layer would receive the XR packet from application layer at the UE in advance in preparation of CG-PUSCH transmission. However, when the packet arrives at the median of the CG period, especially for type 1 CG, the indication would not indicate the actual transmission. 
For Option 2, the size of information field can be 1 bit. A “1” value for a bit indicates the following transmission occasion(s) or transmission occasion group(s) in the CG period are used and a “0” value for a bit indicates following transmission occasion(s) or transmission occasion group(s) in the CG period are unused. The indication could be sent followed each transmission occasion or transmission occasion group to indicate following a CG occasion or CG occasions utilization.  Option 2 is useful when the whole multiple PDUs of a XR packet does not send to the MAC/Physical layer for process at a time in a period.  The MAC/physical layer would only receive the information whether there are XR PDU(s) to be transmitted at the next configured CG transmission occasion.  
For Option 3, the size of information field can be 1 bit or N bits. For 1 bit indication, a “1” value indicates skipping the certain number of following CG occasions or CG occasion groups, which is configured by RRC signaling, a “0” value indicates not to skip the following CG occasions or CG occasion groups. For the N bits indication, the size of information field is associated with the skipping steps, which is configured by RRC signaling. Taken 2 bits indication as example, a “00” value indicates not to skip the following CG occasions or CG occasion groups, the other values indicate the different number of skipping CG occasions or CG occasion groups. The indication could be sent followed the received transmission occasion or transmission occasion group. Option 3 would be used when only some XR PDUs but not all would be received from application layer at the MAC/physical layer in a CG period. The MAC/physical layers have clear picture of one or more CG occasions or CG occasion groups would not be used.  
Therefore, the detailed transmission occasion utilization information could impact the UCI size and the resource position configured for UCI. The above options related to the transmission occasion utilization information carried in UCI could be discussed as the baseline for further down selection.

Proposal 7: The detailed information related to the utilization of the transmission occasions in the UCI would be prioritized.
Proposal 8: The following potential indication carried in UCI could be discussed as the baseline for further down selection:
· Option 1: The bitmap indication to indicate the utilization of each transmission occasion or each transmission occasion group;
· Option 2: The used/un-used indication to indicate whether the following transmission occasions or transmission occasion groups in the CG period are used or unused;
· Option 3: The transmission occasion skipping indication to indicate skipping a number of following transmission occasions or transmission occasion groups in the CG period.
Conclusion
In this contribution, we discuss the CG enhancement scheme for XR-specific traffic and have the following proposals.
Proposal 1: The multiple transmission occasions of PUSCH repetition in CG PUSCH transmission can be considered as the starting point of the multiple transmission occasions discussion in the enhanced CG transmission. 
Proposal 2: The following issues of the enhanced CG transmission should be further specified including:
· The parameter configuration of enhanced CG transmission;
· The type of enhanced CG transmission for XR-specific traffic transmission;
· The UE behaviors in the enhanced CG transmission;
· The detailed information related to the transmission occasion utilization carried in UCI;
· The design of UCI to carry the transmission occasion utilization information.
Proposal 3: The following configuration parameters related to time domain resource allocation should be mainly discussed including:
· The number of the transmission occasions in a CG period;
· The resource mapping type of the CG PUSCH occasion, i.e. PUSCH mapping type A or type B;
· The pattern of the multiple transmission occasions in a CG period, e.g. centralized or distributed in a CG period;
· The position information of the multiple transmission occasions, such as the offset of the transmission occasion for the first Transport Block (TB) in a CG period and the time gap between the adjacent transmission occasions.
Proposal 4: The parameter configuration related to the frequency domain resource allocation and spatial domain resource allocation could be the same as those in Rel-16 CG transmission for the less specification impact.
Proposal 5: When the multiple CG transmission occasions configured in a CG period, UE could use a part of the configured CG transmission occasions from any position in enhanced CG transmission.
Proposal 6: The TB processing over multiple slots should also be supported in enhanced CG transmission.
Proposal 7: The detailed information related to the utilization of the transmission occasions in the UCI would be prioritized.
Proposal 8: The following potential indication carried in UCI could be discussed as the baseline for further down selection:
· Option 1: The bitmap indication to indicate the utilization of each transmission occasion or each transmission occasion group;
· Option 2: The used/un-used indication to indicate whether the following transmission occasions or transmission occasion groups in the CG period are used or unused;
· Option 3: The transmission occasion skipping indication to indicate skipping a number of following transmission occasions or transmission occasion groups in the CG period.
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