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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A work item on XR enhancements for NR has the objective on XR-specific capacity improvements is to specify the enhancements related to capacity [1]:
-	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 the last RAN1#112b-e meeting, the following selected agreements were made [3]
	Agreement
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
· FFS: How to address TDD configuration issue

For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the indicated “unused” CG PUSCH TO(s), if any, by the UCI in a CG PUSCH for a CG configuration 
· can be consecutive or non-consecutive CG PUSCH TO(s) in time domain [in one CG period]
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Note: FFSs and further details in corresponding agreement in RAN1#112 for the selected option are remained for further discussion
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)

Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

The UCI that provides information about unused CG PUSCH transmission occasions is defined as a “new UCI” (i.e. Alt. 1 of previous agreement).

With respect to PHY two-level priority, for a configured grant PUSCH configuration, the “UTO-UCI” has the same priority level as the configured grant PUSCH.
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI”
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.




This contribution discusses our views on Multiple CG PUSCH transmission occasions aspect as well as the dynamic indication of unused CG PUSCH occasion(s).
2. Discussion
eXtended Reality (XR) and Cloud Gaming refer to various types of augmented, virtual, and mixed environments, where human-to-machine and human-to-human communications are performed with the assistance of handheld and wearable end user devices (UEs).   XR and Cloud Gaming are two applications that are considered important for NR Rel-18 and beyond (also known as 5G Advanced).  Hence, a Rel-18 Study Item on eXtended Reality (XR) has been approved in 3GPP [1] to study potential enhancements to the legacy 5G system for support of XR traffic.
XR traffic is rich in video especially in the downlink with a typical frame rate of 60 Hz [2], which leads to a data transmission with non-integer periodicity in NR, i.e. the periodicity is not an integer number of subframes and in this example, the periodicity is 16.67 ms.  Due to varying frame encoding delay and network transfer time, the packet arrival at the gNB may experience random jitter. The frame rate and jitter of a DL traffic is illustrated in Figure 1. The non-integer and jitter characteristics of XR traffic is known as quasi-periodic traffic.  The same transmission characteristic could also occur in uplink transmission.
[bookmark: _Ref127182181][bookmark: _Toc134808380]Observation 1: The non-integer and jitter characteristics of XR traffic (also known as a quasi-periodic traffic) may require enhancements of the existing NR.
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Figure 1: Illustration of DL traffic model [TR 38.838]

In the legacy 5G system, traffic with known periodicity and packet size, e.g. voice, is supported using Semi-Persistent Scheduling (SPS) PDSCH and Configured Grant PUSCH (CG-PUSCH).
In legacy system SPS and CG-PUSCH assumes that the Transport Block Size (TBS) of the PDSCH and PUSCH of the traffic are identical in every period, where the periodicity is fixed.  However, in XR traffic, the payload of a quasi-periodic traffic may not be the same but varies within a range.  
[bookmark: _Toc134808381]Observation 2: CG-PUSCH transmission as in legacy NR may require enhancements to support XR traffic, particularly on supporting the payload of a quasi-traffic that may not be the same but varies within a range.

In legacy CG-PUSCH, a single CG-PUSCH occasion within a period is supported. However, there are issues with a single CG-PUSCH occasion in a period:
a) In a single CG occasion, the periodicity is always aligned with the arrival periodicity of new data. So, if all the XR data is not transmitted on that occasion, it will be delayed to the next occasion in which another new data is supposed to be transmitted, hence it may cause some delays. One solution could be to overprovision the periodicity of the CG occasions (i.e., with smaller periodicity) in such a way that some of these CG occasions are used and some are not used, and UE can indicate the used/unused occasions in the UCI. Although it may work, but XR data may have different characteristics, for example heavy data transmission in a small period followed by a silent time until a new data arrives from the application layer.
b)  There could be an application layer jitter at the UE where the generation of the new data may slightly shift in time and cannot be delivered on the intended occasion. For example, in XR application, the jitter can shift the intended occasion within the range of +4 to -4 ms. Hence, if periodicity is long, the data may sit in the buffer for a period that is longer than the XR delay budget. Hence, the data will be discarded at the end. 

As mentioned above, the new work item (WI) that has been agreed for XR [1] is to specify 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. This may mean that whenever a new data arrives/generated, there is a number of dense/compact occasions available for the XR data in a period so that the delay is minimized for PDU set transmission. The compact occasions comprise one main occasion and one or more supplementary occasions. 
An example of the operation of multiple CG-PUSCH occasions in a period of a single CG-PUSCH configuration is illustrated in Figure 2. This operation supports the transmission of XR traffics in which the packet size can vary. In this example, the UE buffer varies from 4 Mbps to 2 MBps and within a CG-PUCH period, the UE is configured with up to 4 CG-PUSCH occasions. In case, the UE buffer reduces then the UE can use some of the CG-PUSCH occasions. On the other hand, in case the UE buffer is full then all of the CG-PUSCH occasions can be used.
So far, RAN1 made a progress that a new UCI will be defined to provide information about unused CG PUSCH transmission occasions in a single CG configuration, and this UCI will be carried in every transmitted CG PUSCH (i.e., UCI + data). It is expected that RAN2 would specify RRC parameters for multiple CG-PUSCH occasions in a period of a single CG-PUSCH configuration.

[image: ] 
[bookmark: _Ref127187800]Figure 2: Multiple CG PUSCH transmission occasions in a period of a single CG configuration.

Multi-PUSCHs CG for both Type-1 and Type-2 configured grant has been agreed to be supported. The subsequent issue to be addressed is related to the time domain resource allocation (TDRA) of CG PUSCHs associated to a multi-PUSCHs CG. In RAN1#112b_e meeting, it was agreed that Alt-A1, Alt-B and Alt-C2 corresponds to the alternatives of TDRA design were agreed for further discussion. On TDRA determination based on repetition framework (ALT-A1), some parameters (e.g., SLIV) on the repetition framework makes this option may not be suitable for XR application. The jitter phenomena in XR application makes the repetition framework for XR traffic to become a sub-optimal solution. On the other hand, the other alternatives may offer more flexibility that can be suitable for XR application. We consider TDRA determination based on NR-U framework (ALT-B) and TDRA determination based on single DCI scheduling multiple PUSCHs (ALT-C) can be supported. Both can be supported for different type of configured grant. ALT-B is supported for Multi-PUSCHs CG for Type-1 and ALT-C is supported for Multi-PUSCHs CG for Type-2.
[bookmark: _Toc134808382]Observation 3: Different type of TDRA determination of CG PUSCHs associated to a multi-PUSCHs CG can be supported for different type of CG types (i.e., CG Type-1 and CG Type-2).
[bookmark: _Toc134808383]Proposal 1: Support TDRA determination based on NR-U framework (Alt-B) and TDRA determination based on single DCI scheduling multiple PUSCHs (Alt-C2): 
· ALT-B is supported for Multi-PUSCHs CG for Type-1; and 
· ALT-C2 is supported for Multi-PUSCHs CG for Type-2.

According to the example in Figure 2, the periodicity of the main occasion is still 8 slots or 8ms, but in the period, a number of supplementary occasions are available for XR data transmission, concentrating the leading slots of the period. The usage of these supplementary occasions used for XR data transmission can be indicated in the UCI. In RAN1#112b-e meeting, a new UCI to provide information about the unused CG PUSCH transmission occasions was agreed. The introductory of new UCI could offer more flexibility, such as, a flexibility in providing the un-used CG-PUSCH occasions (e.g., the number of bits), a flexibility in indicating some new other parameters, and also supporting forward compatibility for the multi PUSCHs CG operation. The new UCI to at least carrying information about the unused CG-PUSCH can be dynamically indicated. Furthermore, for dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, we consider the UCI determines the CG PUSCH transmission occasion(s) that are indicated as “unused” are not necessarily to be consecutive. Depending on the XR application, some of the TO(s) may not be needed and those TO(s) are not always a consecutive TOs. It was agreed in RAN1#112b_e meeting, the UCI that provides information about unused CG PUSCH transmission occasions (UTO-UCI) provides a bitmap where a bit corresponds to a TO within a time duration/range. In this case the bit indicates whether the TO is “unused”. The bitmap size is expected to be limited, large bitmap size can accommodate a large number of TOs and vice versa. The time duration means the bitmap represents the time duration to indicate whether the subsequent TOs are used or unused. Range means the bitmap represents the number of used/unused TOs. In our view, the bitmap should represent the range in terms of the number of CG PUSCH Transmission Occasions. For example, a bitmap of 8 bits represents whether 8 CG-PUSCH transmission occasions are used or not. All zeroes mean all of the subsequent CG-PUSCH after the CG-PUSCH carrying UCI are unused.
[bookmark: _Toc134808384]Proposal 2: The bitmap indicated in UTO-UCI should represent the range in terms of the number of CG PUSCH Transmission Occasions.

Regarding the timeline for indicating unused CG transmission occasions: The benefits of indicating unused CG occasions is to reuse the resources for other UEs at the gNB, as well as reducing the interference. However, gNB can only schedule these resources to other UEs if it gets the information/indication early from the UE. In order to help gNB scheduler, we think RAN1 should specify a timeline for a UE to indicate unused CG occasions in a period of a single CG configuration (i.e., minimum indication time for unused CG occasion).
[bookmark: _Toc134808385]Proposal 3: Specify a timeline for a UE to indicate unused CG occasions in a period of a single CG configuration.

In RAN1#112b_e meeting, it was also discussed on whether/how the unused TO(s) can be associated to multiple CG configuration. In reality, a UE can be configured to operate with multiple CG configuration. In such situation, it would be beneficial if a UTO-UCI in one of the CG configurations could also indicate the unused CG transmission occasions belong to other CG configuration(s). This could minimize the transmission overhead and also minimize the gNB effort in detecting the UTO-UCI in each CG configuration.
[bookmark: _Toc134808386]Proposal 4: In case of multiple CG configuration, support a UTO-UCI in one of the CG configurations could also indicate the unused CG transmission occasions belonging to other CG configurations.

3. Conclusion
In this contribution, we made the following observations:
Observation 1: The non-integer and jitter characteristics of XR traffic (also known as a quasi-periodic traffic) may require enhancements of the existing NR.
Observation 2: CG-PUSCH transmission as in legacy NR may require enhancements to support XR traffic, particularly on supporting the payload of a quasi-traffic that may not be the same but varies within a range.
Observation 3: Different type of TDRA determination of CG PUSCHs associated to a multi-PUSCHs CG can be supported for different type of CG types (i.e., CG Type-1 and CG Type-2).
The related proposals are given below:
Proposal 1: Support TDRA determination based on NR-U framework (Alt-B) and TDRA determination based on single DCI scheduling multiple PUSCHs (Alt-C2):
Proposal 2: The bitmap indicated in UTO-UCI should represent the range in terms of the number of CG PUSCH Transmission Occasions.
Proposal 3: Specify a timeline for a UE to indicate unused CG occasions in a period of a single CG configuration.
Proposal 4: In case of multiple CG configuration, support a UTO-UCI in one of the CG configurations could also indicate the unused CG transmission occasions belonging to other CG configurations.
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