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1	Introduction
[bookmark: _Ref178064866]In the Rel-18 XR WID [1] we have one objective related to configured grant capacity enhancements:
	Specify the enhancements related to capacity:
-	Multiple Configured Grant (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 Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);



Further, at RAN#99 there were discussions around the retransmission less configured grants: 
	RP-230456	Updates of XR WID for retransmission-less CG	Huawei, HiSilicon, Apple, 
	Google, InterDigital, Lenovo, 
	Meta, Nokia, Nokia Shanghai
	 Bell, Qualcomm
Replaces 
	It is understood that this functionality is already specified in the system, for NTN. Interested companies are 
	encouraged to bring in CR proposals to RAN2 to show how this functionality would be made available to XR. RAN2 
	chair confirmed to handle these proposals in the XR session, and RAN2 is expected to make a decision on these 
	proposals as per normal process.



Which is also reflected in the agenda for this meeting:

	7.5.4.3 Configured Grant enhancements for XR
Including RAN2-specific aspects of Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration. 
Including RAN2-specific aspects of dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE.
Including discussion on how retransmission-less CG defined for NTN could work with XR (as per RAN#99 discussion).
NOTE: Topics other than retransmission-less CG may be deprioritized in this meeting.



The “Multiple CG PUSCH in one periodicity of a single CG-Config” need further progress in RAN1 before treated in RAN2. 
In this paper we discuss the WIDs second highlighted configured grant point about indications of unused CG PUSCH occasions and the retransmission less configured grants. 
2	Configured Grant enhancement	
2.1 Retransmission-less CG 
For some XR traffic, e.g., POSE traffic, we expect the packet delay requirement to be too stringent to even allow for one HARQ retransmissions while the packet error requirements allow for some packet dropping. For such a service, it is possible to enable UE energy saving by not requiring the UE to monitor PDCCH for retransmission grants. 
1. [bookmark: _Toc131731249]For some XR traffic, the UE may save energy by not monitoring the PDCCH for retransmission grants. 

In Release-17 for non-terrestrial networks (NTN) there is a feature to configure the HARQ mode A or HARQ mode B for each uplink HARQ process using the RRC parameter uplinkHARQ-mode. 
For a transmission on a HARQ process configured with HARQ mode A, the HARQ-RTT-TimerUL-NTN is started after each PUSCH transmission and when it expires, the drx-RetransmissionTimerUL is started. This behaviour makes sure the UE is monitoring the PDCCH (while drx-RetransmissionTimerUL is running) when the UE may expect a retransmission grant – same as in terrestrial networks when uplinkHARQ-mode is not configured. 
For a transmission on a HARQ process configured with HARQ mode B, the HARQ-RTT-TimerUL-NTN is not started after a PUSCH transmission and then the drx-RetransmissionTimerUL is not started for that HARQ process. This enables the UE to save energy, as it is not mandated to monitor PDCCH for a possible retransmission grant. 
1. [bookmark: _Toc131731250]The uplinkHARQ-mode introduced for NTN in Release-17 allows configuring each HARQ process ID with (HARQ mode A) or without (HARQ mode B) monitoring of PDCCH for retransmission grants. 
1. [bookmark: _Toc131731251]Each ConfiguredGrantConfig specifies which HARQ process IDs that the MAC entity shall use for the transmissions.
1. [bookmark: _Toc131731252]Retransmission less CGs are possible with HARQ processes that have uplinkHARQ-mode configured to HARQ mode B.

The network may configure ConfiguredGrantConfig with certain HARQ process IDs and at the same time configure uplinkHARQ-mode to HARQ mode B for those HARQ processes. Therefore, we can use the uplinkHARQ-mode in terrestrial networks in support of retransmission less CGs for power saving for services where retransmissions are not useful. 
[bookmark: _Toc118442804][bookmark: _Toc131731256]RAN2 to support retransmission less CG by configuring the uplinkHARQ-mode in terrestrial networks. 

The changes to tweak uplinkHARQ-mode to work in a terrestrial network are minor, se below text proposal. 
2.1.1 Text proposals to support retransmission less CGs
For RRC the existing parameters can be used without any changes. 
Below are changes proposed for MAC. 
Section 3.1:
UE-gNB RTT: For non-terrestrial networks, the sum of the UE's Timing Advance value (see TS 38.211 [8] clause 4.3.1) and kmac. Otherwise, UE-gNB RTT is zero.

Section 5.7 DRX 
The following MAC timers are used for DRX operation in a non-terrestrial network:
-    HARQ-RTT-TimerDL-NTN (per DL HARQ process configured with downlinkHARQ-FeedbackDisabled equal to HARQ feedback enabled): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-    HARQ-RTT-TimerUL-NTN (per UL HARQ process configured with uplinkHARQ-Mode equal to HARQModeA): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.

[bookmark: _Toc131731257]RAN2 to adopt the text proposal above for support of retransmission less CGs.

1. [bookmark: _Toc131731253]The changes above that enables retransmission less CGs in terrestrial networks enables retransmission less dynamic grants and retransmission less assignments (configured or dynamic assignments without HARQ feedback and without PDCCH monitoring for retransmission) in terrestrial networks. 
[bookmark: _Toc131731258]From a RAN2 point of view, retransmission less dynamic and configured grants are supported. 
[bookmark: _Toc131731259]From a RAN2 point of view, disabled HARQ feedback and retransmission less PDSCH transmissions for dynamic assignments and configured assignments are supported. 

2.2 Dynamic indication of unused CG 
The discussions of scheduling and use or not use of CGs is a RAN2 issue and not for RAN1 to decide since the decision of whether to use or not use a CG resource depends on data status which is today available in MAC. 
Therefore, we think this part of the WID shall not be deprioritized for this meeting. 
RAN1 is discussing solutions for overprovisioning the UE with configured grants, and then letting the UE indicate to the gNB which of the future configured grant transmission opportunities (TOs) that it will not use in uplink control information (UCI) signalling that indicates unused transmission opportunities (UTOs). 
RAN1 have not concluded on the functionality yet, but there are some issues that will need RAN2 attention:
· For the MAC PDUs to not be dropped and lost in the PHY layer, MAC shall not generate MAC PDUs for the UTOs. 
· To decide if a future TO is needed to be used, the PHY is not aware of data volume available for transmission. 
· MAC is aware of data volume available for transmission in the buffer status reporting procedure. 
· RLC and PDCP has data volume calculation functionality for the purpose of MAC buffer status reporting.
1. [bookmark: _Toc131731254]PHY is not aware of data volume available for transmission, MAC is aware of data volume available for transmission for the purpose of buffer status reporting. 
1. [bookmark: _Toc131731255]MAC need to be aware of transmissions opportunities that will not be used, and the MAC entity shall not generate MAC PDUs for those. 

Therefore, we think the natural place for the functionality to select future TOs to be indicated as unused is the MAC layer. 
[bookmark: _Toc131731260]MAC entity shall have functionality to select future transmission opportunities that are indicated as unused. 
[bookmark: _Toc131731261]MAC layer indicates, to lower layers, the future TOs that shall be unused and that shall be indicated as unused in the UCI. 
[bookmark: _Toc131731262]The MAC entity shall not generate MAC PDUs for configured grant transmission opportunities that will not be used. 

Exactly how the selection of unused future TOs is done, may or may not need to be specified. The simplest algorithm may be that the UE indicate as used the TOs needed to empty the current buffer, and any future TOs are indicated as unused. 
The selection algorithm will need to be aware of how much data that is currently available for transmission. Therefore, we need to update the purpose of data volume reporting in RLC and PDCP from “for MAC buffer status reporting” to include “for the purpose of decision on future unused transmission opportunities” or just change to “for the purpose of informing MAC entity of data volume available in PDCP/RLC” or “for the purpose of informing lower layers of data volume available in PDCP/RLC”. 
[bookmark: _Toc131731263]The purpose of data volume calculation functionality in RLC and PDCP is updated to say “for the purpose of informing the MAC entity of data volume available in RLC/PDCP”

There have been some discussions if the UE shall be allowed to change its decision of “unused TOs” at a later occasion overriding a transmitted UTO. This, for the gNB, we think is very similar to configure skip uplink as the gNB cannot use resources indicated as unused for other users.
Therefore, the UEs shall not be allowed to transmit in a TO that has been indicated to be unused – unless each overridden UTO is acknowledged by the gNB. Adding such acknowledge signalling is possible, but there is already the SR/BSR procedures where the UE can ask for scheduling when data arrives (and only new data arrival that is unexpected would lead to the UE wanting to transmit in a TO that has been indicated as unused) that would have a similar delay. 
We think more discussions are needed to understand the need and feasibility of the overriding functionality. 
[bookmark: _Toc131731264]RAN2 to discuss whether it is beneficial to accommodate the UE that intends to change its decision and indicate to the gNB to “use” an already indicated “unused” TO for transmission,

[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	For some XR traffic, the UE may save energy by not monitoring the PDCCH for retransmission grants.
Observation 2	The uplinkHARQ-mode introduced for NTN in Release-17 allows configuring each HARQ process ID with (HARQ mode A) or without (HARQ mode B) monitoring of PDCCH for retransmission grants.
Observation 3	Each ConfiguredGrantConfig specifies which HARQ process IDs that the MAC entity shall use for the transmissions.
Observation 4	Retransmission less CGs are possible with HARQ processes that have uplinkHARQ-mode configured to HARQ mode B.
Observation 5	The changes above that enables retransmission less CGs in terrestrial networks enables retransmission less dynamic grants and retransmission less assignments (configured or dynamic assignments without HARQ feedback and without PDCCH monitoring for retransmission) in terrestrial networks.
Observation 6	PHY is not aware of data volume available for transmission, MAC is aware of data volume available for transmission for the purpose of buffer status reporting.
Observation 7	MAC need to be aware of transmissions opportunities that will not be used, and the MAC entity shall not generate MAC PDUs for those.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to support retransmission less CG by configuring the uplinkHARQ-mode in terrestrial networks.
Proposal 2	RAN2 to adopt the text proposal above for support of retransmission less CGs.
Proposal 3	From a RAN2 point of view, retransmission less dynamic and configured grants are supported.
Proposal 4	From a RAN2 point of view, disabled HARQ feedback and retransmission less PDSCH transmissions for dynamic assignments and configured assignments are supported.
Proposal 5	MAC entity shall have functionality to select future transmission opportunities that are indicated as unused.
Proposal 6	MAC layer indicates, to lower layers, the future TOs that shall be unused and that shall be indicated as unused in the UCI.
Proposal 7	The MAC entity shall not generate MAC PDUs for configured grant transmission opportunities that will not be used.
Proposal 8	The purpose of data volume calculation functionality in RLC and PDCP is updated to say “for the purpose of informing the MAC entity of data volume available in RLC/PDCP”
Proposal 9	RAN2 to discuss whether it is beneficial to accommodate the UE that intends to change its decision and indicate to the gNB to “use” an already indicated “unused” TO for transmission,
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