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Introduction
[bookmark: _Hlk141447253]In RAN2#123 meeting, discussion on XR CG enhancements was mainly focused on HARQ process ID determination for multipole PUSCH in one CG, and LS R2-2309007 was sent to RAN1.
[bookmark: _Hlk145662014]After RAN2#123 meeting, XR running CR for MAC is endorsed in R2-2309316 [1].
In this contribution, we discuss CG enhancements for XR.
Discussion
The main motivation of introducing multiple PUSCH transmission occasions in one CG is to handle the dynamic size of XR packets. While the XR traffic can be periodic, the size of XP packet in each periodicity can vary, e.g. due to different frame types (I/P/B frames). Such XR traffic characteristic makes the configuration of TBS for CG a dilemma, i.e. too small TBS results in UE requests additional grants via SR/BSR, while too large TBS results in resource waste. With the introduction of multiple PUSCH in one CG, gNB can over provision the resource in granularity of PUSCH transmission occasions, and UE can dynamically indicate the unused CG PUSCH transmission occasions via “UTO-UCI”. With such information, gNB can allocate the unused CG occasions for other purposes, e.g. to other UEs.
Configuration of multiple PUSCH CG
RAN1 makes following progress regarding time domain allocation aspects of multiple PUSCH in one CG in RAN1#113 and RAN1#114 meetings, as below:
	Agreement
For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
· Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
· Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· N is configured by higher layers
· A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· PUSCH is used in each of N consecutive slots per CG period
· Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.

For a multi-PUSCH CG configuration, the range value of the higher layer parameter indicating number of consecutive slots (N in previous agreements) is:
· Max value=16 or 32
· Up to UE capability
· Min value=2



In RAN2 MAC running CR R2-2309316 [1], following was captured regarding the applicability of type 1 and type 2 CG for multi-PUSCH CG:
A multi-PUSCH configured grant has multiple consecutive configured uplink grants within a periodicity. Both Type 1 and Type 2 can be configured for a multi-PUSCH configured grant by RRC.
Editor’s note:  This change is based on RAN1’s agreement. It needs to be confirmed by RAN2.
This is based on RAN1#112 meeting agreements below:
	Agreement
· Multi-PUSCHs CG is supported for Type-1 configured grant.
· Multi-PUSCHs CG is supported for Type-2 configured grant.



From RAN2 perspective, there is no issue to support multi-PUSCH for both Type 1 and Type 2 CGs.
[bookmark: Proposal_CG_Type]Proposal 1: RAN2 to confirm that both Type 1 and Type 2 can be configured for a multi-PUSCH configured grant.

In RAN2 MAC running CR R2-2309316 [1], following was captured regarding the time domain resource configuration for multi-PUSCH CG:
RRC configures the following additional parameter for a multi-PUSCH configured grant:
· numberOfPUSCH-PerPeriod: the number of configured uplink grants in a periodicity of a multi-PUSCH configured grant.
[…Omitted…]
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the configured uplink grant, or the first configured uplink grant in a multi-PUSCH configured grant, in the Nth (N ≥ 0) periodicity occurs in the symbol for which:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity)
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
For a multi-PUSCH configured grant Type 1, the Kth (1 < K ≤ numberOfPUSCH-PerPeriod) configured uplink grant within a periodicity occurs (K-1) × numberOfSymbolsPerSlot symbols after the symbol in which the first configured uplink grant in that periodicity occurs.  
Editor’s Notes: This change is based on RAN1’s agreement. It needs to be confirmed by RAN2.
It can be seen that RRC parameter numberOfPUSCH-PerPeriod refers to RAN1 parameter N. As RAN1 has agreed that maximum value of N is 16 or 32, while minimum value of N is 2, RAN2 can confirm that the value range of numberOfPUSCH-PerPeriod is INTEGER (2..32).
[bookmark: Proposal_N]Proposal 2: RAN2 to confirm that the value range of RRC parameter numberOfPUSCH-PerPeriod is INTEGER (2..32).
One editor’s note is regarding the time domain location of the transmission occasions in a periodicity. The text in running CR (“the Kth (1 < K ≤ numberOfPUSCH-PerPeriod) configured uplink grant within a periodicity occurs (K-1) × numberOfSymbolsPerSlot symbols after the symbol in which the first configured uplink grant in that periodicity occurs ”) is based on the assumption that multi-PUSCH CG transmission occasions start in the same OFDM symbol of the consecutive slots. This is based on the following RAN1 agreements:
	For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· …
· A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· PUSCH is used in each of N consecutive slots per CG period
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.



Time domain resource allocation for NR-U is specified in TS 38.214 clause 6.1.2.3, as below:
The higher layer parameter cg-nrofSlots, provides the number of consecutive slots allocated within a configured grant period. […Omitted…] The same combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots.
It can be seen that time domain resource allocation in current MAC running CR follows NR-U framework and it is therefore proposed to confirm it.
[bookmark: Proposal_TD_Resource]Proposal 3: RAN2 to confirm the time domain resource allocation for multiple-PUSCH CG in MAC running CR.
Handling of UTO-UCI
With the introduction of multiple PUSCH CG, UE can select suitable number of CG occasion(s) to carry XR traffic and indicates whether CG occasions can be used or not in UTO-UCI. With such information, gNB can allocate the unused CG occasions for other purposes.
RAN1 has made the following agreements regarding the definition and content of UTO-UCI:
	Agreement
· 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.

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
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


RAN1 agrees that “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’.” Whether to indicate a CG occasion as “unused” or “not unused” depends on UE’s knowledge of traffic arrival information and UL grant size of CG occasions. LCP procedure in MAC layer determines that for a given UL grant, the number of bytes that can be carried for each LCH. With the help of proper configuration of LCH to CG mapping restriction (allowedCG-List-r16 IE), UE could run such LCP prediction well in advance in case of XR traffic (compared with traditional PUSCH preparation time as defined in clause 7.7 of TS 38.213). All such information and procedure are only known and performed in MAC layer, not in PHY layer. Therefore it is obvious that the content of UTO-UCI (“unused” or “not unused”) should be determined by MAC layer.
In RAN1#113 meeting, RAN1 has made the following agreements regarding the semantics of “unused” and “not unused”:
	· A CG PUSCH occasion indicated as “unused” earlier, is not allowed to be indicated as “NOT unused later”.
· A CG PUSCH occasion indicated as “NOT unused” earlier, can be indicated as “unused” later.
· When a CG PUSCH occasion is indicated as “unused”, the UE is not allowed to transmit CG PUSCH on that CG PUSCH occasion. 
· For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit CG PUSCH on that CG PUSCH occasion as per legacy specification.



The above agreements imply that the indication of “unused” is final (since gNB can allocate CG occasions indicated as “unused” to other UEs), while indication of “not unused” does not affect gNB scheduling and UE behavior. Therefore, from RAN2 perspective, only UE behavior when UTO-UCI is set to “unused” should be specified. This has been reflected in RAN2 MAC running CR R2-2309316 [1], as below:
For each Serving Cell and each configured uplink grant, if configured and activated and has not been indicated by the MAC entity to the lower layers as to be unused for PUSCH transmission, the MAC entity shall:
Editor’s Notes: FFS whether validity requirements should be included in the condition above.
In RAN1#114 meeting, RAN1 has made the following agreements regarding the configuration and signalling of UTO-UCI:
	· 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
There is no consensus to introduce RRC parameter UTO_offset. This over-rides earlier RAN1 agreements.
For a CG configuration with UTO-UCI indication enabled:
· For the range value for the RRC parameter Nu (Nu is the size of bit-map): (3, …, 8)


Extending the UTO_UCI indication by CG PUSCH(s) of a CG configuration to CG PUSCH(s) of other CG configuration(s) is not supported in Rel-18.



In RAN2 MAC running CR R2-2309316 [1], following is captured:
[bookmark: _Hlk141649612]If the MAC entity determines that a configured uplink grant is not going to be used for PUSCH transmission, it sends an indication to lower layers about this decision. 
Editor’s note:  	FFS how the MAC entity determines whether a configured uplink grant is going to be used for PUSCH transmission or not.
Above FFS in RAN2 is whether the condition of setting UTO-UCI to “unused” should be specified or left to UE implementation. This is related to UE processing time and potential internal interaction between UE application layer and MAC entity. For example, as shown in Figure 1 below, UTO-UCI in TO0 indicates the status of TO1 to TO4. 
[image: ]
[bookmark: Fig_UTO_UCI]Figure 1: Determination of UTO-UCI content
When UE determines UTO-UCI content Tproc,2 ahead of TO0, there are mainly two approaches: 
a) UE only considers the current buffer status, and evaluates the status (“unused” / “not unused”) of TO1 to TO4 by applying LCP consecutively for TO0 to TO4; 
b) UE considers not only the current buffer status, but also the potential packet arrival based on interaction with upper layer, and evaluates the status of TO1 to TO4 by applying LCP consecutively for TO0 to TO4.
Approach a) can be specified by RAN2, but has the problem that UE might indicate certain TOs as “unused” but there might be additional packets which cannot be transmitted on “unused” TOs. By potential interaction with higher layer in approach b), the UE could learn the potential traffic arrival information (although the actual PDUs have not arrived in L2 processing chain yet) and sets the content of UTO-UCI more accurately. Such internal cross layer interaction cannot be specified and has to be left to UE implementation.  
[bookmark: Proposal_Unused]Proposal 4: The condition of setting UTO-UCI to “unused” is left to UE implementation.
Necessity to align CG periodicity to XR traffic 
In contributions submitted to previous RAN2 meetings, there was proposal to align CG periodicity to XR traffic. Although rational number DRX cycle was introduced to support non-integer periodicity, it is questionable to introduce non-integer periodicities for CG. The reason is that it is more flexible to configure CG compared with DRX. Existing mechanisms like multiple CG configurations, slot granularity of CG periodicity, and dynamic scheduling can be used to mitigate the misalignment between CG periodicity and XR traffic. In Rel-16, the potential enhancement for non-integer periodicity of CG was also discussed, with related discussion captured in TR 38.825 Table 6.5.2-1, as copied below:
Table 6.5.2-1:	TSN traffic characteristics with potential issues and enhancements
	No.
	TSN traffic characteristic
	Description
	Potential solutions and enhancements

	…

	4
	TSN message periodicities with non-integer multiple of NR supported periodicities
	In TSN use cases, the periodicity of data packets which are sent depends on application and in majority of the cases, it is not possible to modify it. There may be use cases where periodicity values are not multiple of NR slot or symbol period, which are used to configure CG/SPS periodicity. The severity of this issue depends on the traffic's latency requirement and the frequency of misalignment occurrences.
	The following solutions could potentially help in resolving or mitigating the issue:
-	Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
[bookmark: _Hlk944152]-	Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
-	More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signalling and which could be based on knowledge of TSN traffic pattern
-	Applying de-jittering buffer at the edges of 5G system



RAN2#105bis meeting agreed the following: “R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption.” In RAN2#108 meeting, RAN2 eventually agreed that “We don’t introduce additional mechanism to align CG/SPS to TSC traffic pattern period”.
In Rel-18, with the introduction of multiple PUSCH CG, UE can select suitable CG occasion(s) to carry XR traffic and indicate whether CG occasions can be used or not in UTO-UCI. Therefore there is even less motivation in Rel-18 to introduce non-integer periodicity of CG.
[bookmark: Proposal_CG_Periodicity]Proposal 5: No additional mechanisms are introduced to align CG periodicity to XR traffic.
Conclusion
In this contribution, we discuss CG enhancements for XR, and propose the following:
Proposal 1: RAN2 to confirm that both Type 1 and Type 2 can be configured for a multi-PUSCH configured grant.
Proposal 2: RAN2 to confirm that the value range of RRC parameter numberOfPUSCH-PerPeriod is INTEGER (2..32).
Proposal 3: RAN2 to confirm the time domain resource allocation for multiple-PUSCH CG in MAC running CR.
Proposal 4: The condition of setting UTO-UCI to “unused” is left to UE implementation.
Proposal 5: No additional mechanisms are introduced to align CG periodicity to XR traffic.
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