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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 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);



In this contribution, we provide our views for XR-specific capacity enhancements, 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 [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 transmission occasion 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 transmission occasions in a period to transmit large size video frame. And the impact of jitter can also be mitigated by multiple transmission occasions, UE can choose one or multiple for UL.
Increasing CG PUSCH transmission occasions in a period has been discussed in the R18 XR SI stage. And multiple PUSCH occasions per CG period with single CG configuration was agreed in the RAN1#111 meeting. Specifically, there are three options to support multiple PUSCH transmission occasions. 
· Option 1: considering the design of CG mechanism in Rel-16 NR-U.
· [bookmark: OLE_LINK6]Option 2: considering the design of multi-PDSCHs/PUSCHs scheduled by a single DCI in Rel-17 52.6GHz.
· Option 3: considering the design of PUSCH repetition in Rel-17.
[bookmark: OLE_LINK5][bookmark: OLE_LINK10]Take Figure 1 as an example. There are four CG PUSCH transmission occasions in a period. The specific configuration is also shown in the Figure 1.


Figure 1: 4 CG PUSCH transmission occasions in a period
[bookmark: OLE_LINK1]For Option 1, configure multiple PUSCH occasions within a CG period has been introduced in Rel-16 NR-U. In 38.214 [3], the related configuration is described as follows. Multiple PUSCH occasion in a period can be configured by the two parameters: cg-nrofSlots and cg-nrofPUSCH-InSlot. An example for Option 1 is that those two parameters are used to define multiple CG-PUSCH occasions, including how many slots those occasions can occupied, and how many occasions there are in a slot. However, there is a restriction that the multiple PUSCHs are within consecutive slots. And whether or not it has to work together with CG-UCI, including HARQ process, RV and NDI mechanism.  
	A set of allowed periodicities P are defined in [12, TS 38.331]. The higher layer parameter cg-nrofSlots, provides the number of consecutive slots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCH-InSlot provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation follows the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions, and the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps. The same combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots.



[bookmark: OLE_LINK4]For Option 2, multi-PDSCHs/PUSCHs scheduled by a single DCI were studied in Rel-16 NR-U and Rel-17 52.6GHz WI. The restriction of consecutive slots for multiple PUSCH occasions in a period is removed. By configuring multiple SLIVs across slots in the TDRA table, flexible time-domain resource allocation of single DCI scheduling multiple PUSCHs can be achieved. The multi-PDSCH/PUSCH numbers are determined by the number of SLIVs in the TDRA table, which supports at most 8-slot PUSCH transmission. Such as the SLIVs in a row of multi-PUSCH TDRA table indicate the CG-PUSCH transmission occasions in a period. However, it has to support multi-PUSCH for dynamic scheduling first, at least the configured multi-PUSCH TDRA table including multiple SLIVs. Otherwise, there would be no indications for those multiple transmission occasions. In addition, it may increase DCI size to support multi-PUSCH, such as RV, NDI fields, even if those multi-PUSCH only are wanted by CG-PUSCH, not by dynamic grant. For Type-2 CG-PUSCH activation, which may have some impact on DCI format 0_1.
For Option 3, PUSCH repetition in Rel-17 can be reused, for example, the occasions for PUSCH repetitions can be used as multiple CG-PUSCH transmission occasions, a similar configuration/activation method can be applied, such as an occasion number can be configured by RRC or indicated in activation DCI. For XR traffic with a large packet size, a similar mechanism of PUSCH repetitions can be considered due to its low DCI overhead.
In short, the configuration of multiple CG PUSCH occasions in Option 1/2/3 are summarized in Table 1, and the Cons and Pros of the three methods are also listed in it.
Table 1: Summary for Option 1/2/3
	Options
	CG-PUSCH transmission occasions in a period are given by
	Cons
	Pros

	Option 1
	cg-nrofSlots and cg-nrofPUSCH-InSlot
	· Consecutive slots
· Same time domain length for multiple occasions
	· Both slot level and mini-slot TDRA

	Option 2
	SLIVs in a row of multi-PUSCH TDRA table
	· [bookmark: OLE_LINK3]Impact the DCI format 0_1
· Configure multi-PUSCH TDRA table
	· Different TDRA for multiple occasions

	Option 3
	PUSCH repetition occasions
	· Consecutive slots
· Same time domain length for multiple occasions
	· Both slot level and mini-slot TDRA



Actually, the multi-PUSCH transmission occasions located in consecutive slots is not an essential problem for XR traffic. UL packets need to be sent as soon as possible if they have arrived. So Option 1 and Option 3 can both work.  
Proposal 1. Multiple CG PUSCH transmission occasions can be supported by three options:
· Option 1: considering the design of CG mechanism in Rel-16 NR-U.
· Option 2: considering the design of multi-PDSCHs/PUSCHs scheduled by a single DCI in Rel-17 52.6GHz.
· Option 3: considering the design of PUSCH repetition in Rel-17.

[bookmark: OLE_LINK17]Another issue need to be discussed is how to handle HARQ process ID, Redundancy Version (RV), and New Data Indicator (NDI) field in the multiple CG PUSCH transmission occasions. 
HARQ process
For multiple CG-PUSCH occasions in a period, HARQ process ID for each occasion need to defined. In the current specification, there are up to 16 HARQ processes, except for the NTN use case, which is up to 32 HARQ processes. The HARQ process ID is indicated for the first scheduled PDSCH/PUSCH and the number is incremented by one for subsequent PDSCHs/PUSCHs.
There can be two alternatives for HARQ process ID. 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Alt 1: the first CG-PUSCH occasion reused the mechanism of Rel-17 CG-PUSCH HARQ process ID calculation. While the HARQ process ID of latter CG-PUSCH occasions are increased by 1 for each subsequent occasions. 
· Alt 2: the HARQ process ID of all the CG-PUSCH occasions are selected by UE and reported in CG-UCI, reuse the CG-PUSCH in NR-U. 
From our perspectives, Alt 1 and Alt 2 can both work. But Alt 1 can save some control information on PUSCH. On the other side, although Alt 2 needs to report more, it has more flexibility and fast retransmission on CG-PUSCH, which is not possible for Alt 1. We are open for both solutions, and hope to discuss them both at the start of WI stage. Furthermore, the HARQ process mechanism has some relations with RV and NDI, may be also impact the dynamic indication of unused CG-PUSCH occasions.
Proposal 2. Two alternatives of HARQ process for multiple CG-PUSCH transmission occasions within a period can be studied.
· Alt 1: the first CG-PUSCH occasion reused the mechanism of Rel-17 CG-PUSCH HARQ process ID calculation. While the HARQ process ID of latter CG-PUSCH occasions are increased by 1 for each subsequent occasions. 
· Alt 2: the HARQ process ID of all the CG-PUSCH occasions are selected by UE and reported in CG-UCI, reuse the CG-PUSCH in NR-U.
RV
Similarly as HARQ process, RV for each occasion also have three methods:
· Method 1: only RV 0 is used for each occasions
· Method 2: RV sequence is configured for multiple occasions, e.g. {0, 3, 0, 3}, {0, 0, 0, 0}
· Method 3: RV of all the CG-PUSCH occasions are selected by UE and reported in CG-UCI, reuse the CG-PUSCH in NR-U.
Proposal 3. Three methods of RV for multiple CG-PUSCH transmission occasions within a period can be studied.
· Method 1: only RV 0 is used for each occasions
· Method 2: RV sequence is configured for multiple occasions, e.g. {0, 3, 0, 3}, {0, 0, 0, 0}
· Method 3: RV of all the CG-PUSCH occasions are selected by UE and reported in CG-UCI, reuse the CG-PUSCH in NR-U.
NDI
NDI can have two choices, the first is only new data can be transmitted on CG-PUSCH occasions, in this case NDI does not need to report by UE. The second is if retransmissions can also be on the CG-PUSCH resources, another word is if initial or re-transmission is decided by UE, NDI should be reported in CG-UCI, same as NR-U.
Proposal 4. Only new data can be transmitted on CG-PUSCH occasions, or NDI of all CG-PUSCH occasions can be selected by UE can be both studied.
Repetition
Another 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. Because XR traffic have high reliability requirements. The repetitions is an efficient method to improve its reliability.  Moreover, retransmission sometime cannot be valid due to strict PDB. Therefore, repetition of CG-PUSCH can also has its benefits for XR. 
Proposal 5. It is proposed to support multiple CG-PUSCH transmission occasions together with or without repetitions within a 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. 
Container of unused CG-PUSCH occasion indication
For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, two alternatives are listed as below.
· Option 1: Dynamic indication based on a new UCI.
· [bookmark: OLE_LINK19]Option 2: Dynamic indication based on CG-UCI.
[bookmark: OLE_LINK38]Undoubtedly, CG-UCI has less specification impact than introducing a new dedicated UCI. Introducing a new UCI has the complexity on considering how to process the UCI like coding, rate matching, etc. However, existing procedures can be reused for CG-UCI processing. Therefore, CG-UCI is preferred used to carry the indication.
Proposal 6. [bookmark: OLE_LINK30]Support dynamically indicate unused CG PUSCH occasion(s) based on CG-UCI by the UE.
Possible positions of unused CG PUSCH occasion(s) in a period
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]There are two possible circumstances about the position of unused CG PUSCH occasion(s), 
· Option 1: as shown in Figure 2, the unused CG PUSCH occasion(s) are continuous and located at the front of this CG period. 
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Option 2: as shown in Figure 3, the unused CG PUSCH occasion(s) are continuous and located at the end of this CG period.
· Option 3: as shown in Figure 4, the unused CG PUSCH occasion(s) are continuous and located at the middle of this CG period.
· Option 4: as shown in Figure 5, the unused CG PUSCH occasion(s) are discontinuous in the CG period. 
For Option 1, this may due to the existence of jitter, the actual video frame arrival time may be later than the expected arrival time. So the front of CG PUSCH occasion(s) of the CG period may be not used.
For option 2, if there is a surplus of CG PUSCH occasions for XR video packet transmission, it is natural that the PUSCH occasion(s) located at the end of this CG period are not used.
For Option 3 and Option 4, this two option may exist when the PUSCH occasion(s) are unavailable due to the collision with semi-static UL/DL symbol(s). In other scenarios, UE has no reason to transmit packets using these two modes. Due to the PDB limitation in XR traffic, it is necessary to transmit data packets as soon as possible.


Figure 2: an example of Option 1


Figure 3: an example of Option 2


[bookmark: OLE_LINK22][bookmark: OLE_LINK24]Figure 4: an example of Option 3


Figure 5: an example of Option 4

Proposal 7. Two possible positions of unused CG PUSCH occasion(s) in a period can be further studied. 
· the unused CG PUSCH occasion(s) are continuous and located at the front of this CG period
· the unused CG PUSCH occasion(s) are continuous and located at the end of this CG period

Indication of unused CG PUSCH occasion(s) in a period
[bookmark: OLE_LINK33]In terms of the CG-PUSCH occasions adjustment indication, a new fields in CG-UCI is needed. 
· [bookmark: OLE_LINK31]On the one hand, the field can be a bitmap, and the bit size is equal to the number of CG PUSCH transmission occasions in a period. In one possible way, bit #0 represents that this PUSCH occasion needs to be used, and bit #1 represents that this PUSCH occasion is an unused one.
· On the other hand, the field can also indicate the starting position and the number of unused CG PUSCH occasions, or indicate the starting position of unused CG PUSCHs and the cancelled time.
Proposal 8. A new fields in CG-UCI is needed to indicate the unused PUSCH occasions. 
· the field can be a bitmap, the bit size is equal to the number of CG PUSCH transmission occasions in a period
· the field can indicate the starting position and the number of unused CG PUSCH

Indication position in a period
[bookmark: OLE_LINK35]In addition, it is necessary to study the position of the indicator information in a period to ensure that the unused CG PUSCH occasion(s) can be rescheduled. If the cancellation indicator is carried in the last PUSCH to be used, the remaining cancellable PUSCH occasion(s) may be reduced due to the PUSCH preparation time (N2) and gNB processing delay.
Proposal 9. It is necessary to study the position of the indicator information in a period to ensure that the unused CG PUSCH occasion(s) can be rescheduled.
Observation 1: Due to the PUSCH preparation time (N2) and gNB processing delay, the remaining cancellable PUSCH occasion(s) may be reduced if the CG-UCI is carried in the last PUSCH to be used.

HARQ process handing of the unused CG PUSCH occasion(s) at the front of this CG period
[bookmark: OLE_LINK29][bookmark: OLE_LINK34]In addition, if the unused CG PUSCH occasion(s) are at the front of this CG period, or some CG PUSCH occasion(s) are skipped due to the collision with semi-static UL/DL symbol(s), the HARQ process ID of the corresponding PUSCH occasion(s) need to be further discussed.
Based on the two alternatives for HARQ process in the Section 2.1, for Alt 1, it would be reasonable to not increase HARQ process ID for this PUSCH occasion(s). For Alt 2, UE can skip reporting the HARQ process ID of the unused PUSCH occasion(s), which means UE only reports the HARQ process ID of the valid CG-PUSCH occasions.
Proposal 10. It need to further discuss how to handle HARQ process ID, RV, and NDI of the unused CG PUSCH occasion(s) at the front of this CG period.

Conclusion
In this contribution, we discuss the enhancements related with capacity improvements, and give the following observations and proposals. 
Observation 1: Due to the PUSCH preparation time (N2) and gNB processing delay, the remaining cancellable PUSCH occasion(s) may be reduced if the CG-UCI is carried in the last PUSCH to be used.

Proposal 1. Multiple CG PUSCH transmission occasions can be supported by three options:
· Option 1: considering the design of CG mechanism in Rel-16 NR-U.
· Option 2: considering the design of multi-PDSCHs/PUSCHs scheduled by a single DCI in Rel-17 52.6GHz.
· Option 3: considering the design of PUSCH repetition in Rel-17.
Proposal 2. Two alternatives of HARQ process for multiple CG-PUSCH transmission occasions within a period can be studied.
· Alt 1: the first CG-PUSCH occasion reused the mechanism of Rel-17 CG-PUSCH HARQ process ID calculation. While the HARQ process ID of latter CG-PUSCH occasions are increased by 1 for each subsequent occasions. 
· Alt 2: the HARQ process ID of all the CG-PUSCH occasions are selected by UE and reported in CG-UCI, reuse the CG-PUSCH in NR-U.
Proposal 3. Three methods of RV for multiple CG-PUSCH transmission occasions within a period can be studied.
· Method 1: only RV 0 is used for each occasions
· Method 2: RV sequence is configured for multiple occasions, e.g. {0, 3, 0, 3}, {0, 0, 0, 0}
· Method 3: RV of all the CG-PUSCH occasions are selected by UE and reported in CG-UCI, reuse the CG-PUSCH in NR-U
Proposal 4. Only new data can be transmitted on CG-PUSCH occasions, or NDI of all CG-PUSCH occasions can be selected by UE can be both studied.
Proposal 5. It is proposed to support multiple CG-PUSCH transmission occasions together with or without repetitions within a period.
Proposal 6. Support dynamically indicate unused CG PUSCH occasion(s) based on CG-UCI by the UE.
Proposal 7. Two possible positions of unused CG PUSCH occasion(s) in a period can be further studied. 
· the unused CG PUSCH occasion(s) are continuous and located at the front of this CG period
· the unused CG PUSCH occasion(s) are continuous and located at the end of this CG period
Proposal 8. A new fields in CG-UCI is needed to indicate the unused PUSCH occasions. 
· the field can be a bitmap, the bit size is equal to the number of CG PUSCH transmission occasions in a period
· the field can indicate the starting position and the number of unused CG PUSCH
Proposal 9. It is necessary to study the position of the indicator information in a period to ensure that the unused CG PUSCH occasion(s) can be rescheduled.
Proposal 10. It need to further discuss how to handle HARQ process ID, RV, and NDI of the unused CG PUSCH occasion(s) at the front of this CG period.
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