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Introduction
A WI on enhancements for XR was endorsed in [1]. In particular, the topics for RAN1 to provide specification support are the following:
-	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);

This contribution considers the above topics.

 
Discussion
Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
Compared to a combination of a single CG-PUSCH occasion followed by DG-PUSCHs, support of multiple CG-PUSCH transmission occasions (TOs) in a period of a single CG-PUSCH configuration for XR was motivated by avoiding a possible scheduling delay from a time a gNB obtained a SR/BSR in a PUCCH/CG-PUSCH and the time the gNB provided an UL grant for a first DG-PUSCH transmission. When applicable, such latency reduction was considered to be beneficial in TDD for PDB of 10 msec which is not typical for XR. Further, for 10 msec PDB, 10 Mbps, 100 MHz, and the DDDSU configuration, the capacity impact is that ~1 UE can be supported with 90% satisfaction rate versus not being able to support any UE with single CG-PUSCH followed by DG-PUSCH. It is therefore apparent that the usefulness of having multiple CG-PUSCH TOs in a period of a single CG-PUSCH configuration is rather marginal for XR. 

Moreover, any capacity benefit (e.g. 1 UE vs. 0 UE) is only due to a potential latency reduction while there is a large loss in spectral efficient both from the inability to perform link adaptation and from reserving a large amount of resources for CG-PUSCHs in each period that remain unutilized until a video frame is generated for transmission at the UE. Further, as the dimensioning of the CG-PUSCH time-frequency resources is “semi-static” by RRC while the XR frame size varies dynamically and the resource utilization on a cell in a given slot also varies dynamically, capacity loss from using multiple CG-PUSCH TOs in a period of a single CG-PUSCH configuration further increases over using a single CG-PUSCH TO followed by DG-PUSCHs. 

Observation 1: Use of multiple CG-PUSCH transmission occasions in a period of a single CG-PUSCH configuration has marginal benefit and applicability, that is only due to a potential latency reduction for a specific scenario, and always results to worse spectral efficiency and resource utilization than a PUCCH with SR or a single CG-PUSCH with BSR followed by DG-PUSCHs.

Considering the above, it is preferable to support the aforementioned objectives of the WI with minimal specification impact and minimal additional impact on procedures that a UE may be currently implementing, and to possibly minimize/avoid some of the spectral efficiency losses. Rel-16 NR-U introduced support for multiple CG-PUSCH TOs in a period of a single CG-PUSCH configuration based on the parameters cg-nrofSlots and cg-nrofPUSCH-InSlot as captured in TS 38.214 v17.3.0 below.

	6.1.2.3	Resource allocation for uplink transmission with configured grant
…
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.


  
The same approach can be directly extended to licensed spectrum by introducing the same parameters in Rel-18 as there is no need to duplicate UE procedures/specifications by introducing a different approach. Then, the impact on both RAN1 and RAN2 specifications is practically none. Other approaches, with larger specification impact, are also possible but there is no need/justification. Further, any periodicity mismatch between XR traffic and CG-PUSCH configurations is also addressed by re-using the Rel-16 procedure for unlicensed spectrum (that may not be possible for other approaches). 

Proposal 1: Extend support of the Rel-16 NR-U design using cg-nrofSlots and cg-nrofPUSCH-InSlot to licensed spectrum to support multiple CG-PUSCH transmission occasions in a period of a single CG-PUSCH configuration.


Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
Indication of unused CG-PUSCH TOs by a UE is motivated from the variable frame size of XR traffic. A UE knows the size of an XR video frame, knows the CG-PUSCH resource allocation (and MCS/number of layers), and can therefore determine how many CG-PUSCH TOs the UE needs for transmissions of TBs of the XR video frame. For brevity, the UCI providing the indication of unused CG-PUSCH TOs will be referred to as XR-UCI.

The indication can be for the number of the last of the subsequent CG-PUSCH TOs that needs to be used by the UE. Considering that the main applicability of the scheme is for 10 msec PDB and for DL-heavy TDD configurations, and further considering that fine granularity for CG-PUSCH TOs within a slot is not meaningful for the larger XR video frame sizes and would also unnecessarily result to increased overhead/reduced spectral efficiency due to resulting small TB sizes and DM-RS overhead, a maximum value of 2 for cg-nrofPUSCH-InSlot (can also divide 14 symbols) and a maximum value of 4 for cg-nrofSlots are sufficient. Then, an indication of a last used CG-PUSCH TO can be by 3 bits. If further granularity is justified, e.g. for fine jitter handling in the order of few symbols (~0.1 msec at 30 kHz), a maximum value of 4 for cg-nrofPUSCH-InSlot can apply (although a CG-PUSCH will then be limited to 3 symbols), and 4 bits can be used. It is noted that the total overhead for the indication of unused CG-PUSCH TOs (XR-UCI) is negligible compared to the TB size for video frames with small PDB (i.e. tens of Mbps for data rates). 

Observation 2: XR-UCI to indicate a number of a last used CG-PUSCH transmission occasion can be limited to 3-4 bits and corresponding overhead is negligible.

For the XR-UCI multiplexing in a CG-PUSCH, the same principles as for CG-UCI can apply and a specification impact can be minimal (e.g. joint coding with HARQ-ACK, etc.). If operation on unlicensed spectrum is to be supported, the UCI bits can be added to CG-UCI bits, when applicable. 

Proposal 2: Coding and multiplexing for the XR-UCI are as for CG-UCI.

To guard against incorrect XR-UCI reception at the gNB and to simplify specifications, and also considering that the XR-UCI overhead in a CG-PUSCH would be negligible, there is no need/benefit to specify any limitation for CG-PUSCHs of the CG-PUSCH configuration that include the XR-UCI – i.e. any CG-PUSCH of the CG-PUSCH configuration includes XR-UCI. That also improves operating robustness to incorrect XR-UCI receptions and avoids any hypothesis testing by the gNB for whether or not XR-UCI is included in a CG-PUSCH transmission. The indication by the XR-UCI can be for the total number of CG-PUSCH TOs with CG-PUSCH transmissions for the CG-PUSCH configuration with more than one CG-PUSCH TOs in a transmission period. Other indications are also possible but providing a same information in each CG-PUSCH transmission would act as repetitions for XR-UCI to enable soft combining of LLRs at the gNB and improve reception reliability.

Proposal 3: XR-UCI indicates the total number of CG-PUSCH TOs with CG-PUSCH transmissions of the CG-PUSCH configuration with more than one CG-PUSCH TOs in a transmission period.

Proposal 4: All CG-PUSCH transmissions of the CG-PUSCH configuration with more than one CG-PUSCH TOs in a transmission period include XR-UCI.


Additionally, as pose/control information has shorter periodicity than video traffic, the UCI can also be included in CG-PUSCHs with pose/control information. That can enable the gNB to use CG-PUSCH resources allocated for video frames to schedule other traffic between successive transmissions of CG-PUSCHs with pose/control information (when the UE indicates no upcoming CG-PUSCH transmission with video traffic). 

Proposal 5: XR-UCI can be configured to be included in a CG-PUSCH transmission with pose/control information to indicate whether there is any CG-PUSCH transmission for the CG-PUSCH configuration with more than one CG-PUSCH TOs in the transmission period until a next CG-PUSCH transmission with pose/control information. 


Similar to CG-UCI, XR-UCI multiplexing can be only in CG-PUSCH and there is no need to define new procedures for PUCCH resource determination, transmission power, etc. considering XR-UCI in addition to HARQ-ACK/SR/P-CSI. 

Proposal 6: XR-UCI is multiplexed only in a PUSCH transmission.


As XR will need to simultaneously support more than one CG-PUSCH configurations with different periodicities for respective multiple traffic types, such as for pose/control information and video, there will be collisions of CG-PUSCH transmissions for different configurations. A similar issue exists for SPS PDSCH transmissions in Rel-16 and a similar mechanism as for resolving collisions among SPS PDSCHs of different SPS PDSCH configurations can apply for resolving collisions among CG-PUSCHs of different CG-PUSCH configurations.

Proposal 7: Extend the collision resolution procedure for SPS PDSCHs to CG-PUSCHs.



Conclusions
This contribution considered mechanisms for XR capacity enhancements and proposes the following.

Proposal 1: Extend support of the Rel-16 NR-U design using cg-nrofSlots and cg-nrofPUSCH-InSlot to licensed spectrum to support multiple CG-PUSCH transmission occasions in a period of a single CG-PUSCH configuration.

Proposal 2: Coding and multiplexing for the XR-UCI are as for CG-UCI.

Proposal 3: XR-UCI indicates the total number of CG-PUSCH TOs with CG-PUSCH transmissions of the CG-PUSCH configuration with more than one CG-PUSCH TOs in a transmission period.

Proposal 4: All CG-PUSCH transmissions of the CG-PUSCH configuration with more than one CG-PUSCH TOs in a transmission period include XR-UCI.

Proposal 5: XR-UCI can be configured to be included in a CG-PUSCH transmission with pose/control information to indicate whether there is any CG-PUSCH transmission for the CG-PUSCH configuration with more than one CG-PUSCH TOs in the transmission period until a next CG-PUSCH transmission with pose/control information. 

Proposal 6: XR-UCI is multiplexed only in a PUSCH transmission.

Proposal 7: Extend the collision resolution procedure for SPS PDSCHs to CG-PUSCHs.


In addition, the following observations are made. 

Observation 1: Use of multiple CG-PUSCH transmission occasions in a period of a single CG-PUSCH configuration has marginal benefit and applicability, that is only due to a potential latency reduction for a specific scenario, and always results to worse spectral efficiency and resource utilization than a PUCCH with SR or a single CG-PUSCH with BSR followed by DG-PUSCHs.

Observation 2: XR-UCI to indicate a number of a last used CG-PUSCH transmission occasion can be limited to 3-4 bits and corresponding overhead is negligible.
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