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1. Introduction
As a conclusion of the Study Item following enhancements have been agreed:
	· 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 (e.g., CG-UCI or a new UCI) by the UE.


In this contribution we further discuss on XR-specific capacity improvement on CG. 
2. [bookmark: Proposal_Beacon]Discussion

In RAN2#123bis following agreements have been reached:

Agreements
1. From RAN2 perspective, Multi-PUSCH CG is supported for Type 1 and Type 2 CG, i.e., [N] separated uplink grants occur in consecutive slots in one CG period.
2. We will specify some factors that the UE should consider when determining how to set the UTO-UCI bits in the MAC.  FFS which ones we know for sure the UE shall at least consider



[bookmark: _Hlk118239928]Dynamic indication of unused CG PUSCH(s)

UE indicates to the gNB unused CG PUSCH resources to allow gNB to reallocate the unused resources, e.g. UTO-UCI. So far the usage of the unused resource indication is determined based on data availability in the UE, e.g. upon arrival of the video frame at UE’s buffer, the UE can determine how much resources out of the configured resources within one CG period is needed, and could indicate the unused amount of resources to gNB so that gNB could schedule other UL transmissions (for the same UE or a different UE) in at least some of the unused resources. 
In the MAC specifications, it is up to the MAC entity to decide whether to deliver the CG information to the physical layer or not. For example, only if a MAC PDU has been obtained and the resource overriding check is passed, the CG resource will be delivered to the physical layer. Therefore, it’d better to specify the unused CG resource determination at the MAC layer/entity. For example, upon generation of a MAC PDU for transmission on CG PUSCH within the period, the MAC entity determines the remaining subsequent CG PUSCH resources in a CG period as to be unused if the CG PUSCH accommodates all pending data available for transmission of the LCHs for which the CG PUSCH is in the list of allowed configured grant(s) for transmission and delivers the unused indication to the physical layer for constructing the UCI. One exemplary implementation to determine the unused PUSCH resources in TS38.321 is given below:
	[bookmark: _Toc29239834][bookmark: _Toc37296193][bookmark: _Toc46490319][bookmark: _Toc52752014][bookmark: _Toc52796476][bookmark: _Toc100871986]5.4.1	UL Grant reception
Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, configured semi-persistently by RRC or determined to be associated with the PUSCH resource of MSGA as specified in clause 5.1.2a. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers. An uplink grant addressed to CS-RNTI with NDI = 0 is considered as a configured uplink grant. An uplink grant addressed to CS-RNTI with NDI = 1 is considered as a dynamic uplink grant.
The MAC entity determines CG PUSCH occasions within a CG period of a configured uplink grant configured with UTO-UCI as to be unused for PUSCH transmissions based on the data availability of the LCH(s) for which the configured uplink grant is in the list of allowed configured grant(s) for transmission. For example, if a CG PUSCH accommodates all pending data available for transmission of the LCHs for which the configured uplink grant is in the list of allowed configured grant(s) for transmission, the MAC entity determines the remaining subsequent CG PUSCH occasions within the CG period as to be unused for PUSCH transmissions.



Also, if UE indicates CG PUSCH occasions as unused to the NW, these resources should be skipped at MAC layer for transmission, i.e. CG PUSCH occasions are not used for data transmission in MAC procedures. In the RAN1#113 following agreement was reached:
· When a CG PUSCH occasion is indicated as “unused”, the UE is not allowed to transmit CG PUSCH on that CG PUSCH occasion. 
It should be further discussed in RAN2, how this agreement is implemented in specifications. We believe that the behavior should be implemented in TS38.321. In one option the CG-PUSCH resources indicated as “unused” are considered as disabled/not valid for UL transmissions. One exemplary implementation in TS38.321 is given 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:
1>	if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a MSGA payload for this Serving Cell; or
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2> determine UTO-UCI according to data available for transmsion and the configured grants allowed for the data transmision if the configured grant is configured for UTO-UCI;
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):
3>	consider the NDI bit for the corresponding HARQ process to have been toggled;
3>	deliver the configured uplink grant and the associated HARQ information, UTO-UCI if available to the HARQ entity.
2>	else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then for the corresponding HARQ process:
[bookmark: _Hlk23460335]3>	if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new transmission):
4>	consider the NDI bit to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information, UTO-UCI if available to the HARQ entity.
3>	else if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink grant (i.e. retransmission on configured grant):
[bookmark: _Hlk23460367]4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.




	For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response (i.e. in a MAC RAR or a fallback RAR); or
2>	if the uplink grant was determined as specified in clause 5.1.2a for the transmission of the MSGA payload; or
2>	if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to clause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload was selected; or
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant was received in a fallbackRAR and this fallbackRAR successfully completed the Random Access procedure:
4>	obtain the MAC PDU to transmit from the MSGA buffer.
3>	else if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a fallbackRAR:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
3>	else if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a MAC RAR; or:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
4>	if the uplink grant size does not match with size of the obtained MAC PDU; and
4>	if the Random Access procedure was successfully completed upon receiving the uplink grant:
5>	indicate to the Multiplexing and assembly entity to include MAC subPDU(s) carrying MAC SDU from the obtained MAC PDU in the subsequent uplink transmission;
5>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity.
3>	else if this uplink grant is a configured grant configured with autonomousTx; and
3>	if the previous configured uplink grant, in the BWP, for this HARQ process was not prioritized; and
3>	if a MAC PDU had already been obtained for this HARQ process; and
3>	if the uplink grant size matches with size of the obtained MAC PDU; and
3>	if none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed:
4>	consider the MAC PDU has been obtained.
3>	else if the MAC entity is not configured with lch-basedPrioritization; or
3>	if this uplink grant is a prioritized uplink grant:
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
3>	if a MAC PDU to transmit has been obtained:
4>	if the uplink grant is not a configured grant configured with autonomousTx; or
4>	if the uplink grant is a prioritized uplink grant:
5>	deliver the MAC PDU and the uplink grant and the HARQ information of the TB and UTO-UCI if availble to the identified HARQ process;
5>	instruct the identified HARQ process to trigger a new transmission;
5>	if the uplink grant is a configured uplink grant:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers;
6>	start or restart the cg-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
6>	if the configured uplink grant is for the initial transmission for CG-SDT with CCCH message:
7>	start or restart the cg-SDT-RetransmissionTimer for the corresponding HARQ process when the transmission is performed.
5>	if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
5>	if cg-RetransmissionTimer is configured for the identified HARQ process; and
5>	if the transmission is performed and LBT failure indication is received from lower layers:
6>	consider the identified HARQ process as pending.
3>	else:
4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB and UTO-UCI if availble to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a retransmission;
4>	if the uplink grant is addressed to CS-RNTI; or
4>	if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
5>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
4>	if the uplink grant is a configured uplink grant:
5>	if the identified HARQ process is pending:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers;
5>	start or restart the cg-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
5>	if the configured uplink grant is for the retransmission of the initial transmission of the CG-SDT with CCCH message:
6>	start or restart the cg-SDT-RetransmissionTimer for the corresponding HARQ process when transmission is performed.
4>	if the identified HARQ process is pending and the transmission is performed and LBT failure indication is not received from lower layers:
5>	consider the identified HARQ process as not pending.



Proposal 1: RAN2 to agree that MAC layer determines the unused CG PUSCH resources and delivers the unused information to the physical layer.
Proposal 2: RAN2 to agree that the MAC entity determines remaining subsequent CG PUSCH occasions within a CG period as to be unused for PUSCH transmission based on the data availability of the LCH(s) for which the configured uplink grant is in the list of allowed configured grant(s) for transmission, e.g., if a CG PUSCH accommodates all pending data available for transmission of the LCHs for which the configured uplink grant is in the list of allowed configured grant(s) for transmission.
Proposal 3: RAN2 to agree that the MAC entity delivers the UTO-UCI to the physical layer. 

We think that unused CG PUSCH resource indication should be also applied for cases when UE discards a PDCP SDU/PDU and skips the transmission of the corresponding TB when discarding was done based on an exceeded PSDB or “lost PDU” for a LCH for which PDU set discard is configured. The UE, e.g. PDCP layer, should indicate to the physical layer that the PSDB of an PDU set, e.g. for which SDUs have been already delivered to lower layer for transmission, has been exceeded. In response to the reception of such indication PHY skips the transmission of the corresponding PDCP SDUs on CG PUSCH resources. UE may also estimate/predict that the PDCP discard timer of an PDU/SDU will expire before the corresponding transmission occasion, e.g. CG PUSCH occasion, and indicates to the PHY to not perform the corresponding CG PUSCH transmission. We propose that UE indicates CG PUSCH resources as “unused resources” for cases that a CG PUSCH transmission is skipped due to the expiry of an PDCP discard timer, e.g. due to exceeding the PSDB, or when one PDU of a PDU set is known to be lost.  

Proposal 4: UE indicates CG PUSCH resources as “unused resources” for cases that a CG PUSCH transmission is skipped due to the expiry of an PDCP discard timer, e.g. due to exceeding the PSDB, or when one PDU of a PDU set is known to be lost for a LCH for which PSIHI is set to true.

Retransmission-less CG

In RAN2#122 following agreement on retransmission-less CG was reached:

	For retransmission less CG enhancement in XR, adapt the NTN solution by disabling the HARQ RTT timer per CG configuration. Specifically, the following modifications shall be introduced:
-	A new RRC parameter for disabling drx-HARQ-RTT-TimerUL for a CG configuration;
-	Changes in the procedural text of DRX operations for CG in the MAC specification;
-	A new UE capability for supporting disabling drx-HARQ-RTT-TimerUL for a CG configuration.



The remaining task for RAN2 is to implement the RAN2#122 agreements in the specifications. As agreed, a new RRC parameter/field in the IE ConfiguredGrantConfig needs to be introduced which configures whether UE shall start the drx-HARQ-RTT-TimerUL after a CG PUSCH transmission take place on the CG resources of the CG configuration when DRX is configured. Furthermore, as already proposed in [R2-2304809], some small change in section 5.7 of TS38.321 is necessary to enable/disable the starting of the drx-HARQ-RTT-TimerUL after a CG PUSCH transmission. 

Since it was not formally agreed in the last RAN2 meeting, we want to confirm that no new LCH restriction is introduced (like for NTN) for retransmission-less CG operation for XR communications.

Proposal 5: RAN2 to confirm that the legacy logical channel restriction allowedCG-List is reused for retransmission-less CG operation for XR communication, i.e. no new LCH restriction is introduced. 

As pointed out by some other company according to the current MAC specification the 1st configured uplink grant which is indicated by PDCCH with CS-RNTI is not considered for the retransmission-less operation, e.g. not monitoring PDCCH for potential retransmissions. We think that there should be a unified handling for the 1st configured grant (CG activation PDCCH) and the subsequent CG occasions. 
Proposal 6. RAN2 to discuss that the disabling of drx-HARQ-RTT-TimerUL applies also to the first CG resource allocated by PDCCH, e.g. CG activation PDCCH.


PSI to CG mapping


In RAN2#121 meeting it was agreed that the mapping a DRB carrying PDU sets of different importance level to multiple LCHs is not supported. Consequently, a LCH may carry PDU sets of different importance levels (PSI value) as shown in the figure above. If I-frames and P/B frames are carried by the same LCH, it is difficult with the current configuration (LCH-CG mapping restriction), to map I-frames and P/B-frames to different specific CG configurations. It should be noted that I -frames have a different periodicity and frame size compared to P-frames. 
Even though it is supported that one LCH can be mapped to multiple CG configurations, it will be difficult from the timing perspective that the different PDU sets end up on the corresponding intended CG configurations. Therefore, we think that some new mapping restriction between PSI level and CG configuration should be introduced, e.g., similarly to the LCH-to-CG mapping, a mapping between PSI level and CG configuration is introduced. By this new mapping restriction, it can be ensured that PDU sets of a certain PSI level are using the intended CG configuration. 

Proposal 7: RAN2 to discuss the introduction of a PSI-to-CG configuration mapping configuration. 
3. Conclusion
In this contribution, we discuss XR-specific capacity improvements. We have the following proposals:
Proposal 1: RAN2 to agree that MAC layer determines the unused CG PUSCH resources and delivers the unused information to the physical layer.
Proposal 2: RAN2 to agree that the MAC entity determines remaining subsequent CG PUSCH occasions within a CG period as to be unused for PUSCH transmission based on the data availability of the LCH(s) for which the configured uplink grant is in the list of allowed configured grant(s) for transmission, e.g., if a CG PUSCH accommodates all pending data available for transmission of the LCHs for which the configured uplink grant is in the list of allowed configured grant(s) for transmission.
Proposal 3: RAN2 to agree that the MAC entity delivers the UTO-UCI to the physical layer. 
Proposal 4: UE indicates CG PUSCH resources as “unused resources” for cases that a CG PUSCH transmission is skipped due to the expiry of an PDCP discard timer, e.g. due to exceeding the PSDB, or when one PDU of a PDU set is known to be lost for a LCH for which PSIHI is set to true.
Proposal 5: RAN2 to confirm that the legacy logical channel restriction allowedCG-List is reused for retransmission-less CG operation for XR communication, i.e. no new LCH restriction is introduced.
Proposal 6. RAN2 to discuss that the disabling of drx-HARQ-RTT-TimerUL applies also to the first CG resource allocated by PDCCH, e.g. CG activation PDCCH.
Proposal 7: RAN2 to discuss the introduction of a PSI-to-CG configuration mapping configuration. 
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