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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk111214318]In RAN#98-e, a follow-up WI on XR enhancements for NR in Rel-18 was approved with the following objectives involving RAN1 [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, the above CG enhancements will be discussed in details, along with related questions and potential solutions.
2. Discussion
1. 
2. 
2.1 Multiple CG PUSCH occasions per CG period
To configure multiple CG PUSCH occasions in a period of a single CG configuration, the following two options can be considered:
· Option 1: Reusing CG mechanism developed in Rel-16 NR-U, where within a CG period one or multiple CG PUSCH occasions with the same number of symbols can be configured, and the number of CG PUSCH occasions configured per CG period is determined by high-layer configured parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16. 
· Option 2: Reusing TDRA mechanism of multi-PUSCH scheduling for CG transmission. E.g, a TDRA row including one or multiple SLIV entries from the configured TDRA table can be configured by high-layer signaling (for a CG Config Type 1) or indicated by an activation DCI (for a CG Config Type 2). Therefore, the number of CG PUSCH occasions configured within a CG period is determined by the number of SLIV entries of the configured/indicated TDRA row.
For Option 1, although Rel-16 NR-U CG mechanism is developed for unlicensed band, it is also beneficial for CG transmission in licensed band, especially when CG is used for XR traffic which is generally of high data rate. Besides, unified solution for CG with multiple PUSCH occasions for both licensed band and unlicensed band is desirable.
For Option 2, it is straightforward to extend the mechanism of multi-PUSCH scheduling for DG PUSCH to CG PUSCH, i.e., time domain resource allocation for multiple CG PUSCH occasions is indicated by reusing the TDRA mechanism of multi-PUSCH scheduling. In this case, each CG PUSCH occasion can be allocated a different number of symbols, and multiple PUSCH occasions per CG period can be allocated in non-consecutive symbols as well, resulting in more flexibility.
Proposal 1: For multiple CG PUSCH occasions in a period of a single CG configuration, the following two options can be considered:
· Option 1: Reusing CG mechanism developed in Rel-16 NR-U;
· Option 2: Reusing TDRA mechanism of multi-PUSCH scheduling for CG transmission.
2.2 Dynamic indication of unused CG PUSCH occasion(s) based on UCI


[bookmark: _Ref127554507]Figure 1. Illustration of CG PUSCH occasions configured for conveying XR video frames 
Regarding dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the following aspects can be considered:
· What information to be indicated by the UCI;
· Where to transmit the UCI;
· How to process/multiplex the UCI.
Proposal 2: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses at least the following aspects:
· What information to be indicated by the UCI;
· Where to transmit the UCI;
· How to process/multiplex the UCI.

[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In the following section, each aspect will be discussed in details, with related questions and potential solutions.
· What information to be indicated by the UCI
During discussions on dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE during SI phase of Rel-18 XR, it was assumed that a number of CG PUSCH occasions are available within a frame period to serve a frame of the AR UL video stream. When a video frame arrives at the UE’s UL buffer potentially with jitter, some CG PUSCH occasions will be used for initial transmissions of data of the video frame, and the UE can indicate unused CG PUSCH occasion(s), if any, to the gNB dynamically based on UCI. Generally, the indicated unused CG PUSCH occasion(s) locates after the ones used for transmissions of the video frame.
To determine what information to be indicated by the UCI, related assumptions should be made at first, and the following questions can be considered.
Q1: Are configured CG PUSCH occasions divided into subsets at first, then each UCI can only deal with a corresponding subset of CG PUSCH occasions, i.e. only indicating used/unused status for CG PUSCH occasions in the subset?
Obviously, if the division of subsets can be performed and shared between the UE and the gNB, indication of unused CG PUSCH occasion(s) based on UCI will be simpler and more straightforward, since the setting and understanding of the UCI is focused only on the corresponding subset of CG PUSCH occasions. 
For the division of subsets, there can be potentially many feasible ways. A simple way is that the division of subsets is based on a periodicity and offset configured by RRC signaling, i.e. a subset corresponds to a period determined by the configured periodicity and offset, or comprises of all configured CG PUSCH occasions confined within the period. Another way is that a subset is dynamically determined by the UE and indicated to the gNB. Alternatively, the division of subsets can be determined implicitly by traffic characteristics, e.g. FPS of the AR UL video stream. An example of division of subsets is illustrated in Figure 1, where every three configured CG PUSCH occasions are divided into a subset.
It should be noted that the way adopted for dividing subsets may have an impact on how to indicate used and/or unused CG PUSCH occasion(s), since the used/unused CG PUSCH occasion(s) is confined within the subset corresponding to the UCI. More information can be found in discussion for Q4.
Proposal 3: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to determine subsets from the configured CG PUSCH occasions, where each of the subsets is associated with the dynamic indication in a UCI.

Q2: Can configured CG PUSCH occasions correspond to more than one CG configuration? If yes, can these CG configurations correspond to more than one serving cell? 
Although multiple CG PUSCH occasions in a period of a single CG configuration is being specified, it does not necessarily mean that CG PUSCH occasions configured to convey traffic data correspond to a single CG configuration. In contrast, it is possible that several CG configurations are configured to convey traffic data, each of which has one or more CG PUSCH occasions per CG period. 
Besides, CA can afford high data rate with wider bandwidth, thus is beneficial for XR traffic. Therefore, these CG configurations may correspond to more than one serving cell as well.
Proposal 4: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the dynamic indication can be applicable to the configured CG PUSCH occasions corresponding to one or multiple CG configurations, and locating on one or multiple serving cells.

Q3: Whether/how to sort and/or index configured CG PUSCH occasions?
From our perspective, if unused CG PUSCH occasion(s) is indicated by a duration, where all configured CG PUSCH occasion confined within the duration is regarded as unused, sorting and/or indexing of configured CG PUSCH occasions may be avoided. Otherwise, if unused CG PUSCH occasion(s) is indicated in the granularity of CG PUSCH occasion, then sorting and/or indexing of configured CG PUSCH occasions should be considered.
Regarding how to sort/index configured CG PUSCH occasions corresponding to one or more CG configurations and one or more serving cells, a straightforward way is sorting/indexing based on starting times of CG PUSCH occasions, e.g., the CG PUSCH occasion with earlier starting time has a smaller index. If overlapping of CG PUSCH occasions in time domain is allowed, with overlapping or non-overlapping frequency domain resources on the same or different serving cells, additional factors can be considered for sorting/indexing of CG PUSCH occasions, e.g., indexes of corresponding CG configurations, indexes of corresponding serving cells, etc. 
Proposal 5: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to sort/index configured CG PUSCH occasions.

Q4: When some of configured CG PUSCH occasions are used for initial transmissions of traffic data, are these used CG PUSCH occasions required to be consecutive based on sorting/indexing discussed in Q3? If the indicated unused CG PUSCH occasion(s) necessarily located after these used ones?
Supposing a number of CG PUSCH occasions are configured after the traffic data (e.g. a video frame) arrives, and the UE uses the first one from the number of CG PUSCH occasions for conveying the traffic data. At least when no overlapping in time domain between any two CG PUSCH occasions from the number of CG PUSCH occasions and on a same serving cell occurs, generally the UE is expected to use consecutive CG PUSCH occasions for initial transmissions of traffic data. As a result, if there is at least one CG PUSCH occasion determined by the UE to be unused, indicated unused CG PUSCH occasion(s) will be located after CG PUSCH occasion(s) used actually by the UE.
However, when the aforementioned overlapping is detected by the UE, the UE has to select at most one from overlapping CG PUSCH occasions for transmission, due to that for any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. Therefore, the used CG PUSCH occasions will be non-consecutive.
From our perspective, if no overlapping discussed above is assumed, used CG PUSCH occasion(s) can be assumed to be consecutive based on sorting/indexing rules. Then, the UE can indicate the number of used consecutive CG PUSCH occasion(s), and/or the number of unused consecutive CG PUSCH occasion(s), to the gNB by UCI. Alternatively, the UE can indicate the duration of used consecutive CG PUSCH occasion(s), and/or the duration of unused consecutive CG PUSCH occasion(s). Subsequently, the gNB will derive the unused consecutive CG PUSCH occasion(s), based on the indicated number(s) or duration(s) in the UCI, as well as the determined first used/unused CG PUSCH occasion, which is related to where to transmit the UCI, and discussed below. The indicated used consecutive CG PUSCH occasion(s) and unused consecutive CG PUSCH occasion(s) can be regarded as constituting the subset corresponding to the UCI, which is discussed in Q1.
If there may be overlapping discussed above, and used CG PUSCH occasion(s) may be non-consecutive based on sorting/indexing rules, then indication by bitmap may be a suitable option, where each bit in a bitmap conveyed by the UCI indicates if the corresponding CG PUSCH occasion within a time window is unused or not, and the length of the bitmap can be determined by the number of CG PUSCH occasions within the time window. Here the time window can be determined by a configured periodicity and offset, and corresponds to a subset, as discussed in Q1.
Proposal 6: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses how to indicate used and/or unused CG PUSCH occasion(s), and the following options can be considered:
· Option 1: The UE indicates the number/duration of used consecutive CG PUSCH occasion(s), and/or the number/duration of unused consecutive CG PUSCH occasion(s);
· Option 2: The UE indicates a CG PUSCH occasion is unused or not by a corresponding bit in a bitmap.

Q5: Since traffic data may have variable size, e.g., during Rel-17 XR SI, truncated Gaussian distribution is assumed for packet size of video stream, the configured CG PUSCH occasions may be not enough to convey all traffic data at some time. Can the UCI also indicate additionally required CG PUSCH occasion(s), or pending data volume after the configured CG PUSCH occasions are exhausted? 
Relying on BSR triggering and reporting in MAC layer, including legacy BSR mechanism, and potential enhancements to be specified in Rel-18 WI phase, to request additional transmission resources may be feasible. However, it will very likely result in large delay, since triggering and transmission of BSR MAC CE will be involved, where HARQ procedure is adopted per Rel-15/16/17. 
Alternatively, the UCI can also be used to request additional transmission resources, besides indicating unused CG PUSCH occasion(s). For example, the UCI is used to indicate a number of used CG PUSCH occasions larger than the configured number of CG PUSCH occasions. As a result, unified solution based on UCI can be specified for all possible cases, where the configured CG PUSCH occasions may be insufficient or excessive due to variable size of traffic data, e.g. video frames. To indicate requesting additional transmission resources, or insufficient configured CG PUSCH occasions, a dedicated information can be conveyed by the UCI, or simply some reserved values or codepoints for the bits designed for indicating unused CG PUSCH occasion(s) can be used for this purpose.
Proposal 7: RAN1 discusses whether/how the UCI can be used to request additional transmission resources, besides indicating unused CG PUSCH occasion(s).

· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]Where to transmit the UCI
Q6: Which PUCCH/PUSCH will be used for conveying the UCI?
Generally, the UCI indicating unused CG PUSCH occasion(s) can be conveyed by CG PUSCH occasion(s) actually transmitted by the UE. If independent PUCCH/PUSCH is scheduled or configured to convey the UCI, more complexity and additional overhead will be involved.
Furthermore, it is straightforward that the UE piggybacks the UCI on each used CG PUSCH occasion for simplicity and reliability. Alternatively, the UE can piggyback the UCI only on a subset of transmitted CG PUSCH occasions to reduce overhead with potential reliability loss, e.g., on the first transmitted CG PUSCH occasion of a cluster of CG PUSCH occasions consisting of a number of used consecutive CG PUSCH occasion(s) and unused consecutive CG PUSCH occasion(s), or of a time window, which is also related to the discussion on Q4. Another way is that the used CG PUSCH occasion(s) to convey the UCI is selected and notified by MAC layer of the UE, along with information for setting the UCI, based on UL buffer status, TB construction, etc. In this way, interface or interaction between MAC layer and PHY layer at UE side may also need to be discussed.
Proposal 8: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the UCI is conveyed by all or a subset of transmitted CG PUSCH occasions.

Q7: Is there any timeline related issues at UE or gNB side?
In our opinion, determining indicated used/unused status for configured CG PUSCH occasions, and transmitting UCI, etc., all are performed by the UE. Therefore, the UE can avoid timeline issue by its implementation.
In contrast, when the gNB receives the UCI, it should try to decode the UCI, where blind decoding will be involved if the gNB does not know if a configured CG PUSCH occasion is actually transmitted and/or if the UCI is conveyed by the configured CG PUSCH occasion in advance. Once the gNB decodes the UCI successfully, it can recycle the time-frequency resources allocated for unused CG PUSCH occasion(s) indicated by the UCI, e.g. re-allocate these resources for other transmissions of the same UE or other UEs. Since a lot of work should be done after the gNB receives the UCI, and before the gNB re-allocates resources for indicated unused CG PUSCH occasion(s), discussion may be needed to determine if a minimum duration should be assumed for gNB processing, e.g. decoding of the UCI, and recycling of unused time-frequency resources.
Proposal 9: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether or not a minimum duration should be assumed for gNB processing, e.g. decoding of the UCI, and recycling of unused time-frequency resources.

· How to process/multiplex the UCI
Q8: What is the UCI type? How to process or multiplex the UCI?
In discussions during Rel-18 SI phase, regarding UCI type for the UCI indicating unused CG PUSCH occasion(s), the following options were proposed by some companies:
· Option 1: The UCI is treated as CG-UCI. To be specific, the UCI is processed by reusing applicable operations specified for CG-UCI in Rel-16 NR-U (i.e. introducing a separate CG-UCI other than that specified in Rel-16 NR-U for unlicensed band), or simply extending CG-UCI in Rel-16 NR-U by adding new fields to indicate unused CG PUSCH occasion(s) (e.g. CG-UCI specified in Rel-16 NR-U for unlicensed band may be extended to licensed band as well).
· Option 2: The UCI is regarded as new dedicated UCI. In other words, a new UCI type will be introduced, along with related operations to be specified.
It is obvious that adopting Option 2 means significant speciation impact, in terms of how to process the UCI such as coding, rate matching, etc., and how to multiplex the UCI with other UCI type(s). On the contrary, adopting Option 1 can reuse existing rules and/or procedures for CG-UCI processing, thus small speciation impact is foreseen. Therefore, Option 1 is preferred for simplicity.
Proposal 10: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the UCI is treated as CG-UCI, and further details are to be specified.
3. Conclusion
In this contribution, CG enhancements, including multiple CG PUSCH occasions per CG period and dynamic indication of unused CG PUSCH occasion(s) based on UCI, are discussed in details, with the following proposals:
Proposal 1: For multiple CG PUSCH occasions in a period of a single CG configuration, the following two options can be considered:
· Option 1: Reusing CG mechanism developed in Rel-16 NR-U;
· Option 2: Reusing TDRA mechanism of multi-PUSCH scheduling for CG transmission.
Proposal 2: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses at least the following aspects:
· What information to be indicated by the UCI;
· Where to transmit the UCI;
· How to process/multiplex the UCI.
Proposal 3: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to determine subsets from the configured CG PUSCH occasions, where each of the subsets is associated with the dynamic indication in a UCI.
Proposal 4: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the dynamic indication can be applicable to the configured CG PUSCH occasions corresponding to one or multiple CG configurations, and locating on one or multiple serving cells.
Proposal 5: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to sort/index configured CG PUSCH occasions.
Proposal 6: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses how to indicate used and/or unused CG PUSCH occasion(s), and the following options can be considered:
· Option 1: The UE indicates the number/duration of used consecutive CG PUSCH occasion(s), and/or the number/duration of unused consecutive CG PUSCH occasion(s);
· Option 2: The UE indicates a CG PUSCH occasion is unused or not by a corresponding bit in a bitmap.
[bookmark: _GoBack]Proposal 7: RAN1 discusses whether/how the UCI can be used to request additional transmission resources, besides indicating unused CG PUSCH occasion(s).
Proposal 8: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the UCI is conveyed by all or a subset of transmitted CG PUSCH occasions.
Proposal 9: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether or not a minimum duration should be assumed for gNB processing, e.g. decoding of the UCI, and recycling of unused time-frequency resources.
Proposal 10: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the UCI is treated as CG-UCI, and further details are to be specified.
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