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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new work item on XR enhancements for NR was approved [1]. This is basically the normative phase based on the outcome of the XR Rel-18 study item [2]. The objective on XR-specific capacity improvements is to 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 the last RAN1#112 meeting, the following selected agreements were made [3]
	Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters

For the PUSCHs parameters in a multi-PUSCHs CG configuration, the configuration/indication parameters except MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration are the same
· FFS: For MCS and FDRA, study further to decide whether/how to be different.
· FFS: Applicability to type-1 and type-2
· Note: TDRA and HP ID are not in this scope of the above statement.

The physical channel that carries the UCI that provides information about unused CG PUSCH transmission occasions is CG PUSCH.

Encoding and multiplexing for “the UCI that provides information about unused CG PUSCH transmission occasions” in a CG PUSCH applies encoding and multiplexing procedures for CG-UCI as baseline.
· FFS on details

Consider the following alternatives for “the UCI that provides information about unused CG PUSCH transmission occasions” for down-selection or revision
· Alt. 1: “The UCI that provides information about unused CG PUSCH transmission occasions” is defined as a new UCI. 
· FFS on details
· Alt. 2: “The UCI that provides information about unused CG PUSCH transmission occasions” is added as new field(s) to the CG-UCI.
· FFS on details
· Alt. 3: “The UCI that provides information about unused CG PUSCH transmission occasions” replaces/re-purposes some field(s) of the CG-UCI.
· FFS on details

For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, the following options for further down-scoping with possible revision, are considered for the transmission occasion of the UCI:
· Option 1: A transmitted CG PUSCH, includes the UCI.
· FFS details
· Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· FFS details
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· FFS details
· Example of a pre-determined occasion: 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
· FFS details
· Examples of a condition: A first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Other options are not precluded. Proponent companies to provide details.

For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the following options for further down-scoping, are considered for the information provided by the UCI:
· Option 1: The UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused” 
· Option 1-1: The UCI provides the number of consecutive TO(s) in time domain. 
· Applicable numbers can be determined from information obtained from configuration.
· FFS details
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· Option 2-1: The UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2-2: The UCI provides a bitmap where a bit corresponds to TOs within a time duration/range. The bit indicates whether all TOs within the time duration/range are “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
· Other options are not precluded. Proponent companies to provide details.




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: _Toc131686764]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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Description automatically generated]
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.  However, in XR traffic, the payload of a quasi-periodic traffic may not be the same but varies within a range.  
[bookmark: _Toc131686765]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.

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

In RAN1#112 meeting, we made an agreement to support Multi-PUSCHs CG for both Type-1 and Type-2 configured grant. Furthermore, the time domain resource allocation (TDRA) of CG PUSCHs associated to a multi-PUSCHs CG were discussed and resulting in several alternatives. On TDRA determination based on repetition framework (ALT-A), 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: _Toc131686766]Observation 3: Different type of TDRA determination of CG PUSCHs associated to a multi-PUSCHs CG can be supported for CG Type-1 and CG Type-2.
[bookmark: _Toc131686729]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.

As part of the CG-PUSCH enhancements, we also propose to allow the supplementary CG-PUSCH to have different transmission parameters.  This provides increased flexibility in adapting the CG-PUSCH to variable XR packet size, which further improves efficiency of the resource usage.  In addition to variable packet size, this approach also provides a mechanism that enables the CG-PUSCHs to adapt to changing radio condition.  That is during poor radio condition, the CG-PUSCH may benefit from having lower coding rate to improve robustness during data transmission. Lower coding rate is basically results in lower TBS and occupies more supplementary CG-PUSCHs. During good radio condition, the CG-PUSCH may support larger TBS and occupies less supplementary CG-PUSCH occasions.  In contrast, if the supplementary CG-PUSCH parameters are fixed as for the main CG-PUSCH in the legacy system, the transmissions may not be able to adapt to changes in radio condition.  The Different transmission parameters as mentioned above could be MCS, Number of Repetitions, FDRA, and TDRA.
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Figure 3: Supplementary CG-PUSCH occasion(s) with different MCS 

[bookmark: _Toc131686730]Proposal 2: Support the configuration/indication of the parameters MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration can be different.

Furthermore, as shown on the example in Figure 2, the periodicity of the main occasion is still 8 slots or 8ms, but in the period, a number of compact occasions are available for XR data transmission, concentrating the leading slots of the period. The usage of these compact occasions used for XR data transmission can be indicated in the UCI. However, in the last RAN1 meeting, it was agreed the physical channel that carries the UCI provides information about unused CG PUSCH transmission occasions is CG PUSCH [3]. Furthermore, it was also discussed on the alternatives, such as introducing a new UCI or based on the existing UCI. On the usage based on the existing UCI, it may have a limited number of information that can be carried as the size of the existing UCI is already fixed and also defined only to serve the legacy purposes. On the other hand, introducing 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, such as MCS, FDRA, and TDRA of CG PUSCH occasion(s), and also supporting forward compatibility for the multi PUSCHs CG operation.
[bookmark: _Toc131686731]Proposal 3: Support a new UCI (i.e., Alt.1) to provide information about the unused CG PUSCH transmission occasions and also potentially other new parameters.
The proposed new UCI to at least carrying information about the unused CG-PUSCH can be dynamically indicated. There were some options discussed in RAN1#112 meeting, including the UCI is included in every transmitted CG-PUSCH (Option 1). We consider this option is quite broad and allocating UCI in each CG-PUSCH may not be needed or even waste of resources. Hence, we prefer the UCI is transmitted in a pre-defined transmission occasion (Option 3) and/or the UCI is transmitted when a given condition(s) is satisfied (Option 4). As an example, the UCI is always transmitted in the main/first configured PUSCH TO in a CG period provided that there is data/PUSCH to be transmitted (Option 3). However, if there is no PUSCH transmission in the main/first configured PUSCH TO, then the UCI must be transmitted in the first transmitted PUSCH TO in a CG period (Option 4). It must be noted that when UCI is transmitted, it indicates whether the subsequent occasions are unused (i.e., it does not relate to the past, but it always relates to the future occasions).
[bookmark: _Toc131686732]Proposal 4: Support a transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion (known as Option 3) and if it is transmitted in a transmission occasion determined satisfying given condition(s) (known as Option 4).
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. Furthermore, there can be large number of TO(s) and limited number of bit size to indicate the “unused” TO(s). Hence, our preference is Option 2-2. In this case, the UCI provides a bitmap where a bit corresponds to TOs within a time duration/range in the future. The bit indicates whether all TOs within the time duration/range are “unused”. Lets say there are 5TOs comprising the main occasion and four supplementary occasions, in this case, 2-bits can be used where the first bit indicates the first two supplementary occasions are unused and the second bit indicates the last two supplementary occasions are unused. In this example, the time duration/range is two occasions.
[bookmark: _Toc131686733]Proposal 5: The UCI carries a bitmap where a bit corresponds to TOs within a time duration/range in the future. The bit indicates whether all TOs within the time duration/range are “unused” (known as Option 2-2).
In order to indicate whether one or more of the PUSCH occasions are activated or not, some new parameters can be added to the UCI for such activated occasions for indication purpose. These parameters can be provided in a bitmap pattern, such that the activation of the transmission occasions can be indicated.

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 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). ALT-B is supported for Multi-PUSCHs CG for Type-1 and ALT-C2 is supported for Multi-PUSCHs CG for Type-2.
Proposal 2: Support the configuration/indication of the parameters MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration can be different.
Proposal 3: Support a new UCI (i.e., Alt.1) to provide information about the unused CG PUSCH transmission occasions and also potentially other new parameters.
Proposal 4: Support a transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion (known as Option 3) and if it is transmitted in a transmission occasion determined satisfying given condition(s) (known as Option 4).
Proposal 5: The UCI carries a bitmap where a bit corresponds to TOs within a time duration/range in the future. The bit indicates whether all TOs within the time duration/range are “unused” (known as Option 2-2).
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