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Introduction
[bookmark: _Hlk101186498][bookmark: OLE_LINK817]In RAN#98, the following WI objectives were agreed for XR enhancements related to capacity [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);
-	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 discuss the details for these XR specific capacity improvement enhancements.
Discussion
The scope for Re-18 XR enhancements include the introduction of multiple transmission occasions and dynamic indication of unused occasions based on the UCI information reported by UE. 
Uplink XR traffic model includes pose/control information and UL video data. From TR 38.838 [2], the latter has a baseline data rate of 10 Mbps (and 20 Mbps as optional) and its packet size varies based on truncated Gaussian distribution [2]. Configured grant (CG) based on uplink transmissions are useful for low-latency traffic, hence Rel-16 CG design can be useful for uplink XR video traffic. However, Rel-16 CG mechanism is not optimized for large and varying packet sizes. Since XR may require large number of RB allocation in uplink due to high reliability and large packet size characteristics, the system spectrum efficiency needs to be optimized to support XR services for many users in a single cell. 
Hence, support for multiple transmission occasions can help optimize the required number of RBs per UL packet by avoiding over-allocation. Depending on the UL packet size, a user may require either one or two or more than two PUSCH occasions per CG period. 
Observation 1: XR UL video traffic characteristics based on large and varying packet size and strict latency requirements are main reasons for the configured grant enhancement objectives for capacity.

1 Configured Grant (CG) enhancements
The support for multiple PUSCH occasions and dynamic indication of unused occasions should ensure that the intended motivation for these enhancements are fulfilled with minimum required specification efforts. In addition, these new enhancements should not impact the overall reliability and latency performance of existing Rel-16 CG mechanism. 
As for the necessary design and mechanism details for the objectives, we can consider the following aspects: resource configuration details, UCI format and indication, HARQ process ID determination, and any periodicity (mis)-alignment issues. 
1.1 Allocated resource for multiple occasions
On the aspects of allocated frequency and time resources and other parameters for the configuration of PUSCH multiple occasions, two different options can be considered. In the 1st option, the same set of CG parameters are shared for all PUSCH occasions. This includes the number of RBs, the number of allocated symbols and the PUSCH mapping type (i.e., type-A or type-B), as well as all other configuration parameters such as MCS, transform precoding, etc. In the 2nd option, some of these mentioned parameters can be configured different for different PUSCH occasions. See Figure-1 below. 
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Figure 1 Possible configuration options for CG resource allocation

Option-1 needs only one set of RRC configuration parameter for CG based on the existing IEs. However, Option-2 would require multiple sets of configuration parameters, i.e., one set of parameters for each PUSCH transmission occasion per CG. Hence, Option-2 is likely to increase the specification efforts and complexity despite not having a clear advantage over Option-1 in terms of user or system performance. Therefore, Option-1 should be the preferred approach. We propose the following: 
Proposal 1: All PUSCH transmission occasions in a single CG period share the same set of CG parameters (i.e., same number of RBs in frequency-domain, number of symbols, MCS, transform precoder configuration, etc.).
Another important design aspect of multiple occasions is possibly the dynamic indication of unused occasions by the UE via UCI. The motivation is essentially to help network be informed about unnecessary pre-configured UL resources with sufficient time in advance such that network can react and re-purpose these resources for another user in the system, potentially. That way, over-allocated resources can be utilized by another user in time. Therefore, it is essential for the network to be notified of such “unused resource indication” by the UE with sufficient time gap. Since such time gap is likely to depend on network configuration, the gap should be pre-configurable by the network. 
Proposal 2: A time offset parameter configured semi-statically by the network indicates the time gap between the 1st and the 2nd transmission occasions. 
Although a time gap between the 1st and 2nd transmission occasions is desirable to guarantee sufficient time for the network to repurpose the unused occasions, it may not be desirable to have another time gap after every other transmission occasion after the first one. This is to minimize additional latency incurred in case most or all of the pre-configured transmission occasions are required for UE to transmit UL data. We propose the following: 
[bookmark: _Hlk127110976]Proposal 3: The rest of the transmission occasions after the initial occasions (i.e., the 2nd, 3rd, etc.) are assigned to back-to-back UL slots.
Regarding dynamic indication signaling for unused occasions, the UCI indication can be either transmitted in a separate PUCCH besides PUSCH, or it can be multiplexed in PUSCH that carries the XR UL data. The first approach of signaling UCI in a separate PUCCH may have the potential benefit of higher UCI detection probability. Although UCI indication helps repurpose unused UL resources, it is not likely to impact XR traffic reliability. XR packet sizes are large whereas the UCI is expected to carry no more than a handful of bits. Furthermore, the UCI reliability can be improved in PUSCH by using a sufficiently large number of REs (i.e., setting beta parameter to a suitable value for rate matching as described in TS38.213). Multiplexing UCI in PUSCH is a more straightforward approach for this indication. 
In addition, UCI indication can be either multiplexed in the 1st PUSCH only, or it can be sent at every transmission occasion. If the UCI in the 1st transmission occasion cannot be detected by the network, sending the indication at every occasion may help network still recover the unused UL resources. Since the 2nd, 3rd, etc. transmission occasions are preferred to be positioned in time in back-to-back slots (i.e., for low-latency), network may not always have sufficient time to react to UCI indication from these occasions in FDD and some TDD configurations. However, in some other TDD configurations (e.g., DDDSU), network may have time to reach to UCI indication from 2nd, 3rd, etc. occasions. 
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Figure 2 UCI can be also indicated from the other back-to-back UL transmission occasions and network can still have sufficient time to repurpose unused UL resources, at least in some TDD configurations.

For example, see Figure 2 above. In example-2, even though the rest of the PUSCH occasions (after the 1st PUSCH) are located in back-to-back uplink slots, network will have 5ms in 15KHz SCS configuration (and 2.5ms in 30KHz SCS configuration) to decode the UCI and re-allocate the successive PUSCH transmission occasion to another user. Another motivation to report UCI in every PUSCH occasion is related to jitter. If the UL video packet arrival is delayed, UE can still use the UCI in the 2nd transmission occasion to report to the network how many occasions will be needed. 
Observation 2: Indicating UCI for the unused occasions at every transmission occasion has benefits in cases where large jitter occurs or in some DL-UL patterns in TDD configurations. 
We propose the following: 
Proposal 4: UCI is multiplexed in PUSCH at every transmission occasion. 

1.2 Type of UCI format for the indication of unused occasions
Two options can be considered as candidate formats. Either a new UCI format can be introduced for the indication of unused CG PUSCH occasions, or one of the existing UCI formats is re-used. Since CG-UCI is already defined in the specifications and it supports multiplexing with CG PUSCH, it is a suitable candidate for R18 dynamic indication. 
We propose the following: 
Proposal 5: UCI that indicates the unused PUSCH occasions shall re-use the existing CG-UCI format. 
If the same CG-UCI format is used for both R18 multiple occasions and R16 NR-U, a pre-configuration parameter may be needed to enable/disable R18 multiple occasion functionality. When R18 CG feature is not enabled, UE uses CG-UCI based on existing R16 NR-U design. When R18 CG multiple occasions feature is enabled, UE uses CG-UCI multiplexed with PUSCH to dynamically indicate unused transmission occasions in a period. 
On the content of the reported UCI information, at least one UCI field is needed to indicate the number of additional PUSCH transmission occasions required by the UE (i.e., other than the current PUSCH transmission occasion). If UE requires fewer transmission occasions than the total number of pre-configured occasions, UE should indicate ‘all-zeros’ at the last PUSCH transmission in the same CG period. See Figure 3 as an example. 

[image: Diagram, schematic

Description automatically generated]
Figure 3 An example illustrating a UE that needs only 3 transmission occasions although a total of 4 occasions are pre-configured per one CG period.
Based on the above example and discussion, we propose that UCI field for reporting unused transmission occasions indicates how many more occasions are needed by the UE, besides the current PUSCH occasion in which this UCI is sent.
Proposal 6: UCI contains at least one bit field, which indicates the number of additional PUSCH transmission occasions required by the UE, other than the current PUSCH transmission. 

1.3 HARQ process ID determination for multiple occasions
As per HARQ process ID determination, we can consider one of two possible approaches. The first method is by following the Rel-15/Rel-16 CG HARQ ID determination approach based on a modified version of the existing formula. The second method can be based on Rel-16 NR-U CG-UCI dynamic indication approach. 
The HARQ process ID is determined in Rel-15/Rel-16 CG based on a formula in MAC specifications as quoted below. From TS 38.321, clause 5.4.1, we can see: 
	….
For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
	HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
	HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
….



The formula above assigns HARQ process ID for each PUSCH occasion with the assumption that there is only one occasion in each CG period. With R18 multiple transmission occasions in a single CG period, the same formula may need to be modified to accommodate multiple PUSCH occasions wherein different TBs can be transmitted. All discussions regarding whether any modification is needed or if the existing formula is feasible for multiple occasions should be handled in RAN2. 
Observation 3: Existing HARQ process ID determination formula in TS38.321 may not work with multiple PUSCH transmission occasions. 
The second method to determine HARQ process ID can be based on Rel-16 NR-U CG-UCI type indication with UE implementation-based selection of the HARQ process ID. Then, the selected HARQ process ID can be indicated dynamically in the UCI, which is multiplexed in every CG PUSCH occasion. 
The CG-UCI fields are defined in TS 38.212 [4], clause 6.3.2.1.3. where we can find: 
	….
Table 6.3.2.1.3-1: Mapping order of CG-UCI fields
	Field
	Bitwidth

	HARQ process number
	4

	Redundancy version
	2

	New data indicator
	1

	Channel Occupancy Time (COT) sharing information
	 if both higher layer parameter ul-toDL-COT-SharingED-Threshold and higher layer parameter cg-COT-SharingList are configured, or if both higher layer parameter ue-SemiStaticChannelAccessConfig and higher layer parameter cg-COT-SharingList are configured, or if higher layer parameter cg-COT-SharingList is configured in frequency range 2-2, where C is the number of combinations configured in cg-COT-SharingList; 

1 if higher layer parameter ul-toDL-COT-SharingED-Threshold is not configured, and if higher layer parameter ue-SemiStaticChannelAccessConfig is not configured, and if higher layer parameter cg-COT-SharingOffset is configured;

0 otherwise; 

If a UE indicates COT sharing other than "no sharing" in a CG PUSCH within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent CG PUSCHs, if any, occurring within the same UE's initiated COT such that the same DL starting point and duration are maintained.


….



Similarly, R18 CG with multiple transmission occasions can indicate HARQ process ID in an explicit UCI field. However, such approach has potential reliability issues in case the UCI cannot be detected. If network is unable to determine the HARQ process ID, re-transmission grant cannot be assigned. 
Hence, we propose to consider formula-based HARQ process ID determination as in Rel-15/Rel-16 CG. The details and potential optimizations (if deemed necessary) should be handled in RAN2. 
Proposal 7: HARQ process ID determination for R18 enhanced CG with multiple transmission occasions is based on a formula, as used in Rel-15/Rel-16 CG. 
We also propose that an LS is sent to RAN2 to ask their views on the feasibility of the existing Rel-15/Rel-16 CG formula for HARQ ID determination. If any modification to the formula is needed, this would be in RAN2 scope. 
Proposal 8: Send an LS to RAN2 to ask about the feasibility of the HARQ ID determination formula for Rel-15/Rel-16 configured grants. 

1.4 Misalignment between XR traffic and CG periodicity 
Existing CG configuration parameter that configures the CG periodicity duration allows most integer values in terms of slots. For example, possible periodicity values are every integer value and integer-plus-0.5 in ms when the SCS is set to 30 KHz. On the other hand, UL video frame rate is considered to be 60 frames per second as baseline [2]. This video frame rate approximately corresponds to a new UL video packet at every 16.667 ms (and +/- jitter). Hence, there will likely to be some time drifting due to the misalignment between XG periodicity and XR UL video traffic periodicity. 
If zero jitter is assumed, this potential misalignment will cause an increasing time drift (i.e., 0.167ms increase in drift after each XR UL packet arrival due to the periodicity gap between 16.667ms XR UL traffic periodicity and 16.5ms CG periodicity assuming 30KHz SCS) . 
In addition to this potential time drift, there is also potential misalignment due to a mismatch between multiple transmission occasion in a CG period vs. TDD UL slot configuration. Depending on TDD pattern, some CG periodicities may have more UL slots than others, which could cause a further alignment issue against XR UL traffic pattern in time. See Figure 4 for an illustration. 
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Figure 4 An example configuration where potential time misalignment between CG periodicity and XR UL video packet arrival periodicity causes a time drift since legacy CG periodicity configuration only allows integer of slots.

However, UL video traffic is also prone to jitter due to potential video encoding delays. Even if the periodicity values are fully aligned, potentially large amounts of jitter could still cause time misalignment, although ever-increasing time drifting is unlikely to happen as jitter can positive or negative in value. 
Although the described periodicity misalignment is not ideal, it is possible to resolve the time drift by network implementation. If a DCI signaling re-configures CG configuration at every ~50ms-500ms (i.e., depending on the configuration parameter settings; including SCS, TDD pattern, number of CG transmission occasions per period, etc.). 
Observation 4: Re-configuration by DCI signaling can help reset time drifting issue by network implementation without any specification effort. 
Since such infrequent re-configuration via DCI using existing signaling mechanisms does not incur significant overhead, it is best to not have any special treatment for this periodicity misalignment issue. We propose the following:
Proposal 9: No special treatment to handle periodicity misalignment. 

Conclusions
We have the following observations:
Observation 1: XR UL video traffic characteristics based on large and varying packet size and strict latency requirements are main reasons for the configured grant enhancement objectives for capacity.
Observation 2: Indicating UCI for the unused occasions at every transmission occasion has benefits in cases where large jitter occurs or in some DL-UL patterns in TDD configurations. 
Observation 3: Existing HARQ process ID determination formula in TS38.321 may not work with multiple PUSCH transmission occasions. 
Observation 4: Re-configuration by DCI signaling can help reset time drifting issue by network implementation without any specification effort. 

We have the following proposals:
Proposal 1: All PUSCH transmission occasions in a single CG period share the same set of CG parameters (i.e., same number of RBs in frequency-domain, number of symbols, MCS, transform precoder configuration, etc.).
Proposal 2: A time offset parameter configured semi-statically by the network indicates the time gap between the 1st and the 2nd transmission occasions. 
Proposal 3: The rest of the transmission occasions after the initial occasions (i.e., the 2nd, 3rd, etc.) are assigned to back-to-back UL slots.
Proposal 4: UCI is multiplexed in PUSCH at every transmission occasion. 
Proposal 5: UCI that indicates the unused PUSCH occasions shall re-use the existing CG-UCI format.
Proposal 6: UCI contains at least one bit field, which indicates the number of additional PUSCH transmission occasions required by the UE, other than the current PUSCH transmission. 
Proposal 7: HARQ process ID determination for R18 enhanced CG with multiple transmission occasions is based on a formula, as used in Rel-15/Rel-16 CG. 
Proposal 8: Send an LS to RAN2 to ask about the feasibility of the HARQ ID determination formula for Rel-15/Rel-16 configured grants. 
Proposal 9: No special treatment to handle periodicity misalignment. 
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