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Introduction
In both Rel-17 and Rel-18, eXtended Reality (XR) including e.g., virtual reality, augmented reality and cloud gaming, were well studied. For example, the traffic models are categorized by DL video steam, and UL pose/control or UL video stream. Moreover, the UL video stream is characterized by periodic, large and various packet size, and strict PDB. In this case, enhancements for configured grant (CG) were studied and evaluated, the beneficial evaluation results were captured in [1].
Apart from CG enhancement, more XR enhancements for NR for supporting XR services were identified in Rel-18, e.g., enhancements related to power saving, capacity enhancement from RAN2’s views [1]. Thus a new WID on XR enhancements for NR were approved at RAN#98-e [2]. The objectives related to CG enhancements are extracted as below.
	WI Objectives include:
-	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);


According to the approved objectives for RAN1, the CG PUSCH occasions pattern is discussed firstly in this paper in section 2, and corresponding UCI for indication of unused CG resource are elaborated in section 3. In addition, HARQ process ID of CG PUSCH resource is discussed given a CG PUSCH occasions pattern. 
Multiple CG PUSCH transmission occasions in a period 
Configured grant Type 1 & Configured grant Type 2
Two types of configured grant have been introduced in NR, i.e., CG Type 1 and CG Type 2. The enhancement of CG can be finalized with the hypothesis of either CG Type 1 or CG Type 2.
In our view, both CG types may be supported for enhanced CG configuration. Besides, a new type of CG is also considered to decouple with legacy CG types. So in general, following options are discussed for supporting enhanced CG configuration.
· Option 1: Only CG Type 2 supports multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration.
· Option 2: Both CG Type 1 and CG Type 2 support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration.
· Option 3: Design a new CG type, i.e., CG Type 3, for multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration.
[bookmark: _Toc3565]Discuss following three options regarding CG types for supporting the configuration of multiple CG PUSCH transmission occasions in a period.
· [bookmark: _Toc11751]Option1: enhance only CG Type 2
· [bookmark: _Toc19225]Option2: enhance both CG Type 1 and CG Type 2
· [bookmark: _Toc13073]Option3: design a new CG type, i.e., CG Type 3.
Towards above alternatives of CG types for supporting enhanced CG configuration, from our perspective, the enhancement should be considered for both CG Type 1 and CG Type 2, because both CG Type 1 and CG Type 2 are the legacy CG transmission schemes and a lot of parameters are shared in ConfiguredGrantConfig in terms of configuration of CG Type 1 or CG Type 2. As a result, CG Type 1 and CG Type 2 can be regarded as a good start point for supporting the configuration of multiple CG PUSCH transmission occasions in a period.
[bookmark: _Toc22449]The specification of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration should be considered for CG Type 1 and CG Type 2.
Pattern of CG PUSCH transmission occasions in one period.
In one CG period, if there are more than one CG PUSCH transmission occasions, it is necessary to figure out how the CG transmission occasions distribute in one period, because the pattern of CG transmission occasion in one period could instruct what parameters were to be used for the enhanced CG configuration.
We think it’s easy to consider the pattern of CG PUSCH transmission occasions in one period by two categories, i.e., even interval of CG PUSCH transmission occasion and uneven interval of CG PUSCH transmission occasions.
As illustrated in Figure 1, even interval of CG PUSCH transmission occasions means that the interval between the first symbol of two adjacent CG PUSCH transmission occasions in one period are same.
[image: Same interval pattern(new)]
Figure 1 Even interval pattern of CG PUSCH transmission occasions in one period
On the other hand, Figure 2 depicts uneven interval CG PUSCH transmission occasions which shows that the intervals between the starting symbol of two adjacent CG PUSCH transmission occasion in one period are different, implying the CG PUSCH transmission is possible to start at any available UL symbols/slots in one period. 
[image: Flexible interval pattern(new)]
Figure 2 Uneven interval pattern of CG PUSCH transmission occasions in one period
[bookmark: _Toc16746]The benefit for the configuration of even interval pattern is that the configuration parameters can be simple. While the benefit for the configuration of uneven interval pattern is that more flexible transmission occasions can be provided in one period, which gives more flexibility to gNB scheduling multiple UEs in one period.
[bookmark: _Toc17064]Discuss following two interval patterns for the CG PUSCH transmission occasions in one period:
· [bookmark: _Toc27635]Even interval pattern
· [bookmark: _Toc4979]Uneven interval pattern
As depicted in Figure 1 and Figure 2, a CG PUSCH transmission occasion is allocated by 12 and 7 symbols, respectively. Moreover, if more flexible time domain resource allocation can be considered, for example, CG PUSCH transmission occasions in one period occupy different number of symbols, in this case, further flexibility for gNB scheduling can be achieved. 
[bookmark: _Toc13161]The number of occupied symbols for the CG PUSCH transmission occasions can be same or different.
Furthermore, in terms of other CG resource configuration except time domain resource allocation, including e.g., frequency domain resource assignment and MCS level, the flexibility of these configurations has been discussed in Rel-18. For example, if the CG PUSCH transmission occasions in one period occupies different frequency domain resources, additional frequency diversity can be fulfilled. And flexible time/frequency domain resource assignment contributes to multiplexing of multiple UEs. In this regard, the resource efficiency can be improved and XR capacity is increased. Therefore, we think whether adopt flexible frequency domain resource allocation and MCS level can be further discussed. 
[bookmark: _Toc19712]Discuss following alternatives for multiple CG PUSCH transmission occasions in one period.
· [bookmark: _Toc415]Same CG resource parameter including e.g., frequency resource allocation, MCS index.
· [bookmark: _Toc11165]Different CG resource parameter including e.g., frequency resource allocation, MCS index.

HARQ Process ID determination of CG PUSCH transmission occasions in one period 
According to the HARQ Process ID determination of CG PUSCH occasions in TS 38.321 [3], the HARQ Process ID is based on the parameter of periodicity and the starting symbol of CG PUSCH transmission occasion. When it comes to multiple CG PUSCH transmission occasions in a period, it is found that only the HARQ process ID of first CG PUSCH transmission occasion in a period can be obtained per current specification, while other CG PUSCH transmission occasions in this period are undefined. 
For example, Figure 3 illustrates the problem when the legacy formula is used in multiple CG PUSCH transmission occasions in a period. In Figure 3, there are five CG PUSCH transmission occasions in a period, in our understanding, only the first CG PUSCH transmission occasion for each period (e.g., 0th CG occasion in first period) is determined and assigned by a HARQ process ID, while the following four CG PUSCH transmission occasions are not defined at all. 
[image: HARQ Process问题]
Figure 3 Problem of using the formula in current specification for enhanced CG configuration
[bookmark: _Toc1013]HARQ Process ID of CG PUSCH transmission occasions in one period are not defined per current specification, when multiple CG PUSCH transmission occasions is configured in a period via a single CG PUSCH configuration. 
Therefore, from our perspective, either a modified formula or adding extra limitations should be considered for HARQ Process ID determination of CG PUSCH occasions in one period.
[bookmark: _Toc21252]Discuss and specify HARQ process ID determination for multiple CG PUSCH transmission occasions in a period via a single CG PUSCH configuration.
Dynamic indication of unused CG PUSCH occasion(s)  
In this section, the UCI intended to release unused CG PUSCH occasion(s) is further illustrated. 
[bookmark: _Toc29089][bookmark: _Toc29400][bookmark: _Toc82][bookmark: _Toc525]Conveyed Information in UCI
In our opinion, the content/information of the UCI should be firstly studied. The content of the indication can be summarized as follows:
· Alt 1: The number of unused CG PUSCH transmission occasions
· Alt 2: The starting point of unused CG PUSCH transmission occasions
· Alt 3: The starting point and number of unused CG PUSCH transmission occasions
For Alt 1, the number of unused CG PUSCH occasions is indicated. Assuming M CG PUSCH transmission occasions are configured in one period, while N CG PUSCH transmission occasions are unused, the length of this bits information is ceil(log2M), then the value of the indication is N in binary. To this regard, the starting point of unused CG PUSCH transmission occasions can be derived from the number of configured CG PUSCH transmission occasions M as well as the number of unused CG PUSCH transmission occasions N in one period.
For Alt 2, the indication of unused CG PUSCH occasion(s) is the starting point of unused CG PUSCH transmission occasions. Similarly, assuming M CG PUSCH transmission occasions are configured in one period, while N CG PUSCH transmission occasions are unused, on the one hand, the length of the bits information is ceil(log2M), implying the information indicates the actual numbering of the [(M-N)+1]-th CG transmission occasion as the starting point.
For Alt 3, the information of unused CG PUSCH occasion(s) contains the starting point of unused starting CG transmission occasion and the number/length of unused CG PUSCH occasions. More specifically, we think a low-overhead signaling should be considered in this situation, for example, SLIV-like indication can be used, which use an integer denoting the start point of the unused CG transmission occasion and the number of unused CG PUSCH transmission occasions. The advantage of Alt 3 is that the information is capable of indicating flexible unused CG PUSCH transmission occasion within one period with certain signaling overhead.
[bookmark: _Toc13790]Discuss the content of the UCI with following alternatives:  
· [bookmark: _Toc26261]the number of unused CG PUSCH transmission occasions
· [bookmark: _Toc23376]the starting point of unused CG PUSCH transmission occasions 
· [bookmark: _Toc28779]the starting point and the number of unused CG PUSCH transmission occasions. 
Besides, due to the XR traffic characteristic of variable packet size, the indications of unused CG PUSCH occasion(s) are diverse in different periods. It’s also possible all CG PUSCH occasion in a period are occupied for a transmission of video frame. In this case, whether or not transmit the UCI should be further considered. To this end, the availability of the indication over a time period should be discussed. For example, if CG PUSCH transmission occasions are fully used, the UCI would be indicated as ‘None unused resource’ or even not be transmitted in a period of time. 
[bookmark: _Toc32612]The availability of UCI transmission should be further considered.
UCI signaling for the indication of unused CG PUSCH occasion(s) 
To improve the system capacity and resource utilization efficiency, it was agreed to introduce UCI signaling to indicate the unused CG PUSCH occasions.
In the discussion of Rel-18 XR SI phase, the processing delay of the dedicated UCI signaling was identified as one of the key factors in the efficiency of reusing the unused occasion(s), where the processing delay is the round-trip time from the UCI reporting to gNB re-scheduling. One of the considerations for the processing delay is the time location for the dedicated UCI signaling transmission. And companies had a consensus that the UCI signaling should be transmitted as early as possible to allow gNB to process the UCI signaling and re-schedule unused resources in time.
[bookmark: _Toc12041]The processing delay between UCI reporting for unused occasion(s) by the UE and re-scheduling of unused occasion(s) by the gNB should be considered in the UCI signaling design.
The resource for transmission of UCI signaling for the indication of unused CG PUSCH occasion(s) is one of important topic. Reviewing the legacy UCI signaling, such as HARQ-ACK, SR and CSI report, the basic resource for transmission is PUCCH, while transmission in PUSCH is also considered when PUCCH resource overlaps with PUSCH. As a result, from our perspective, the resource for transmission of the dedicated UCI signaling should also follow the designate of legacy UCI signaling. 
[bookmark: _Toc28775]The transmission of legacy UCI signaling can be supported by both PUCCH and PUSCH.
Furthermore, we identify some difference between dedicated UCI signaling transmitting in PUCCH resource and the dedicated UCI signaling transmitting in PUSCH resource.  
For UCI signaling transmitting in PUCCH, the UCI signaling has opportunities to be transmitted before a CG PUSCH occasion, (e.g., given the PUCCH resource ID, periodicity and offset), that is, there would be more time budget for gNB to re-schedule the unused CG PUSCH resource. An example for UCI signaling transmitting in PUCCH is taken in Figure 4. Assuming the TDD pattern is DDDSU, where the S slot includes 10 downlink symbols, 2 guard symbols as well as 2 uplink symbols, and the enhanced CG configuration is in the U slot, the PUCCH resource is in the symbols within the S slot. If the 3rd and 4th CG PUSCH transmission occasions are unused, the indication of unused resource would be transmitted in advance.
[image: release in PUCCH]
Figure 4 Illustration of UCI signaling transmitting in PUCCH
While for UCI signaling transmitting in PUSCH, the UCI signaling can be transmitted in the first PUSCH in order for early transmission. As illustrated in Figure 4, the dedicated UCI signaling transmission in PUCCH can be one slot earlier than that in PUSCH, which provides benefits on the hardware implementation of gNB.
[bookmark: _Toc23489]Given a specific TDD pattern, the UCI signaling for indication of unused CG PUSCH occasion(s) has opportunities to be conveyed via PUCCH earlier than that via PUSCH.  
Furthermore, the coding scheme used for UCI signaling in PUCCH depends on the payload of UCI information. For example, if the payload of UCI information is no larger than 2 bits, sequence-based PUCCH can be used and decoding and processing delay at gNB side can be small. Besides, the reliability of the UCI signaling in PUCCH and PUSCH can be different, and it should be discussed as well. Although reliability of UCI signaling in PUSCH can be guaranteed by enlarging beta offset, it would be a trade-off between the reliability of UCI signaling and reliability of data.
[bookmark: _Toc29726]Limited payload size of UCI should be considered in order to improve the link performance, guarantee the reliability and reduce the processing delay of UCI signaling.
[bookmark: _Toc30078][bookmark: _Toc11202]The transmission of the dedicated UCI signaling for the indication of unused CG PUSCH occasion(s) can be supported by both PUCCH and PUSCH.
Other consideration for UCI signaling 
If a dedicated UCI signaling is used for indication of unused CG PUSCH occasion(s), the collision between UCI type with other DL resources or uplink resources should be considered. For example, the PUCCH/PUSCH resource of new dedicated UCI signaling may collide with other legacy UCI types, including HARQ-ACK, SR, CSI report, in this regard, whether and how to transmit the dedicated UCI signaling timely should be considered. Moreover, if UCI is transmitted on PUSCH, the spec impact on multiplexing of multiple UCI types on PUSCH needs to be discussed.
[bookmark: _Toc10075]The potential collision between UCI with other DL resources or uplink resources should be considered.
Conclusion
[bookmark: _GoBack]In this contribution, we discussed the pattern for multiple CG PUSCH transmission occasions in a period, and pointed out the problem of HARQ process ID assignment when considering multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration. And we discussed the conveyed UCI information, corresponding transmission resource and potential collision cases. To this end, we have the following observations/proposals:
Observation 1: The benefit for the configuration of even interval pattern is that the configuration parameters can be simple. While the benefit for the configuration of uneven interval pattern is that more flexible transmission occasions can be provided in one period, which gives more flexibility to gNB scheduling multiple UEs in one period.
Observation 2: The number of occupied symbols for the CG PUSCH transmission occasions can be same or different.
Observation 3: HARQ Process ID of CG PUSCH transmission occasions in one period are not defined per current specification, when multiple CG PUSCH transmission occasions is configured in a period via a single CG PUSCH configuration.
Observation 4: The transmission of legacy UCI signaling can be supported by both PUCCH and PUSCH.
Observation 5: Given a specific TDD pattern, the UCI signaling for indication of unused CG PUSCH occasion(s) has opportunities to be conveyed via PUCCH earlier than that via PUSCH.

Proposal 1: Discuss following three options regarding CG types for supporting the configuration of multiple CG PUSCH transmission occasions in a period.
 Option1: enhance only CG Type 2
 Option2: enhance both CG Type 1 and CG Type 2
 Option3: design a new CG type, i.e., CG Type 3.
Proposal 2: The specification of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration should be considered for CG Type 1 and CG Type 2.
Proposal 3: Discuss following two interval patterns for the CG PUSCH transmission occasions in one period:
 Even interval pattern
 Uneven interval pattern
Proposal 4: Discuss following alternatives for multiple CG PUSCH transmission occasions in one period.
 Same CG resource parameter including e.g., frequency resource allocation, MCS index.
 Different CG resource parameter including e.g., frequency resource allocation, MCS index.
Proposal 5: Discuss and specify HARQ process ID determination for multiple CG PUSCH transmission occasions in a period via a single CG PUSCH configuration.
Proposal 6: Discuss the content of the UCI with following alternatives:
 the number of unused CG PUSCH transmission occasions
 the starting point of unused CG PUSCH transmission occasions
 the starting point and the number of unused CG PUSCH transmission occasions.
Proposal 7: The availability of UCI transmission should be further considered.
Proposal 8: The processing delay between UCI reporting for unused occasion(s) by the UE and re-scheduling of unused occasion(s) by the gNB should be considered in the UCI signaling design.
Proposal 9: Limited payload size of UCI should be considered in order to improve the link performance, guarantee the reliability and reduce the processing delay of UCI signaling.
Proposal 10: The transmission of the dedicated UCI signaling for the indication of unused CG PUSCH occasion(s) can be supported by both PUCCH and PUSCH.
Proposal 11: The potential collision between UCI with other DL resources or uplink resources should be considered.
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