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Introduction
A new Rel-18 Work Item for XR enhancements in NR has been approved in RAN#98-e [1]. Two main enhancements related to the system capacity are to be specified in RAN1 [1]:
-	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 
In this Tdoc, we propose some techniques to specify the two enhancements above. 

Dynamic indication of unused CG PUSCH occasion(s)
Providing assistance information to the gNB is always useful. gNB doesn’t have much awareness about the UL AR traffic and further information from the UE about the need to cancel unused CG-PUSCH occasions can help optimize the gNB scheduling. When UL AR packets arrive at the UE modem, the UE can determine the number of the CG-PUSCH occasions required to transmit the packets and can signal this information to the gNB. This allows the network to free some CG-PUSCH occasions and recycle them to schedule other UEs which results in better system capacity and spectral efficiency. 

This will help mitigate the limitation of using multiple CG-PUSCH transmission occasions in the CG period for the UL AR traffic. In fact, the resources semi-statically allocated for the UL AR data transmission may become over-allocated for some UL AR frames since the gNB does not receive an accurate BSR in time. This can decrease the overall capacity of the system. To mitigate this limitation, it was agreed in the SI that the UE should be able to dynamically inform the gNB via UCI (e.g., CG-UCI or a new UCI) of any unused PUSCH occasions and the gNB can reallocate the freed resources to other UE transmissions which is expected to increase the system capacity.

Content of the UCI indicating CG PUSCH TOs as unused
In RAN1#113, the following agreement has been reached for the content of the UCI indicating the CG PUSCH TOs as unused:
Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH carries UTO-UCI that is applicable to the valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
Option B-b2:
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations

Option consists of a sliding window. This means that the window crosses the XR periodicity boundaries. This requires prediction about the next XR periodicity. Hence, the UE will fill the bits for the next PUSCH occasions of the next XR periodicity with predicted bits. These predicted bits are not accurate because the UE does not have visibility about the next XR video frames. This will lead to waste of resources for signalling of predicted bits, as the gNB cannot base its scheduling on the predicted bits for the next XR periodicity. 
We prefer a fixed size bitmap rather than a varying size bitmap for the different UTO-UCI indications. This is because a fixed size bitmap does not require any additional zero padding or any extra tables or parameters for the mapping to other fixed bitmap sizes. As a result, it is more efficient and less complex to implement.
Therefore, our preference is Option A-1a. 

Proposal 1: Adopt Option A-1a with a sliding indicator within a window and with a fixed bitmap size.
We support the UCI indication of the unused TO(s) to operate for multiple CG configurations, as the XR traffic needs multiple CG configurations (CG configuration for UL AR, CG configuration for Pose/Control information, CG configuration for Audio traffic, …). The CG configuration index can be included in the new UCI and one CG configuration can be indicated at a time in one UCI. 

Proposal 2: Support the UCI indication of the unused TO(s) to operate for multiple CG configurations

Regarding the details about the time duration/range, for the Rel-18 multi-PUSCHs configured grant configuration, we prefer to set the time duration to one CG period. For the legacy Configured Grant configuration (with one single PUSCH per CG), we prefer to make the range configurable, so that it can be one or multiple CG periods.

Proposal 3: The time duration/range is:
· One CG periodicity for the Rel-18 multi-PUSCHs CG configuration
· One or multiple of CG periodicity given by integer value (n=1, 2, ..) for the legacy CG configuration (with single PUSCH per CG)

How the UCI is sent
In RAN1#112bis-e, the following agreements have been reached on how the UCI is sent:
Agreement
The UCI that provides information about unused CG PUSCH transmission occasions is defined as a “new UCI” (i.e. Alt. 1 of previous agreement).

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.

Agreement
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.

When joint encoding between UTO-UCI and HARQ-ACK is not configured, UTO-UCI should be transmitted and the HARQ-ACK can be deprioritized if associated with the eMBB traffic and transmitted by the UE on demand from the gNB. The UE can transmit the missed HARQ-ACK as a report when requested by a specific UL-DCI. Alternatively, The UE can also transmit the missed HARQ-ACK autonomously later using an originally assigned PUCCH resources. HARQ-ACK associated with the XR or URLLC traffic can be prioritized and the UTO-UCI dropped in this case.
Proposal 4: When joint encoding between UTO-UCI and HARQ-ACK is not configured:
· UTO-UCI is transmitted and the eMBB HARQ-ACK is deprioritized and retransmitted by the UE on demand from the gNB.
· UTO-UCI is dropped and HARQ-ACK associated with the XR or URLLC traffic is prioritized.
HARQ-ACK associated to the XR traffic or URLLC traffic should be treated differently compared to the HARQ-ACK of the eMBB traffic which have less stringent latency and reliability requirement. 
Proposal 5: Support differentiated treatement of HARQ-ACK associated to the XR or URLLC traffic and the HARQ-ACK associated to the eMBB traffic.
· FFS: dynamic signalling of the joint-encoding indication
Regarding the order of the sequence generation, we prefer to reduce the specification impact and re-use the NR-U CG-UCI encoding and multiplexing procedure which means, first UTO-UCI then HARQ-ACK.
Proposal 6: Support re-using the NR-U CG-UCI encoding and multiplexing procedure for the Sequence generation order btw UTO-UCI and HARQ-ACK.

Conclusion
In this contribution, we have presented several proposals to specify the support of multiple CG PUSCH transmission occasions in a CG period: 
We made the following proposals: 

Proposal 1: Adopt Option A-1a with a sliding indicator within a window and with a fixed bitmap size.
Proposal 2: Support the UCI indication of the unused TO(s) to operate for multiple CG configurations
Proposal 3: The time duration/range is:
· One CG periodicity for the Rel-18 multi-PUSCHs CG configuration
· One or multiple of CG periodicity given by integer value (n=1, 2, ..) for the legacy CG configuration (with single PUSCH per CG)

Proposal 4: When joint encoding between UTO-UCI and HARQ-ACK is not configured:
· UTO-UCI is transmitted and the eMBB HARQ-ACK is deprioritized and retransmitted by the UE on demand from the gNB.
· UTO-UCI is dropped and HARQ-ACK associated with the XR or URLLC traffic is prioritized.
Proposal 5: Support differentiated treatement of HARQ-ACK associated to the XR or URLLC traffic and the HARQ-ACK associated to the eMBB traffic.
· FFS: dynamic signalling of the joint-encoding indication
Proposal 6: Support re-using the NR-U CG-UCI encoding and multiplexing procedure for the Sequence generation order btw UTO-UCI and HARQ-ACK.

References
[1] [bookmark: _Ref125548390]RP-223502, “New WID on XR Enhancements for NR” Nokia, Qualcomm, 3GPP TSG RAN Meeting #98-e, Dec. 2022




