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1. [bookmark: _Ref35586532]Introduction
Last meeting, after discussing retransmission-less CG for XR, RAN2 reached the following agreements:
	There is support to adopt NTN solution for the retransmission-less CG.
If adopted, RAN2 aims to only consider option1 or option 2:
Option1: Adapt the NTN solution by disabling the HARQ RTT timer per CG configuration for CG. 
Option2: Adapt the NTN solution by disabling the HARQ RTT timer per HARQ processes for both CG and DG. 
FFS how the solution ensures consistent HARQ operation.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper, we discuss enhancements for configured grant. More specifically, it includes retransmission-less CG, CG with multiple occasions, and unused CGO.
2. Discussion
2.1 Retransmission-less CG
From the RAN2 agreements captured in Section 1, two directions are given to reuse the NTN solution: stick to the NTN solution where the disabling of retransmissions is per HARQ process (minimum change) or adapt it so as to configure the disabling of retransmissions per CG configuration.
The NTN solution currently affects the UE capability [1], MAC [2], and RRC [3] specifications. We show below the required changes to extend it applicability to terrestrial networks.
For capability aspects [1], the relevant description is as follows:
MAC parameters:
uplink-Harq-ModeB-r17
Indicates whether the UE supports HARQ Mode B and the corresponding LCP restrictions for uplink transmission. A UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17. 
For this parameter to apply to the XR case, the restriction on the support of non-terrestrial networks should be removed.
In MAC [2], the relevant description is as follows:
PUSCH-ServingCellConfig field descriptions:
[bookmark: OLE_LINK3]uplinkHARQ-mode
Used to set the HARQ mode per HARQ process ID, see TS 38.321. The first/leftmost bit corresponds to HARQ process ID 0, the next bit to HARQ process ID 1 and so on. Bits corresponding to HARQ process IDs that are not configured shall be ignored. A bit set to one identifies a HARQ process with HARQmodeA and a bit set to zero identifies a HARQ process with HARQ modeB. This field applies for SRBs and DRBs. 
This parameter is set for per HARQ process ID. Each CGO has an HARQ process ID, which can be directly used without modification.
In RRC [3], the relevant description is as follows:
RRC controls DRX operation by configuring the following parameters:
uplinkHARQ-Mode (optional): the configuration to set HARQmodeA or HARQmodeB per UL HARQ process.
The following MAC timers are used for DRX operation in a non-terrestrial network: 
HARQ-RTT-TimerUL-NTN (per UL HARQ process configured with HARQModeA): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity. 
	[bookmark: _GoBack]The HARQ procedure is:
1>	if a MAC PDU is transmitted in a configured uplink grant and LBT failure indication is not received from lower layers: 
2>	if this Serving Cell is configured with uplinkHARQ-Mode: 
3>	if the corresponding HARQ process is configured as HARQ Mode A: 
4>	set HARQ-RTT-TimerUL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerUL plus the latest available UE-gNB RTT value; 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]4>	start the HARQ-RTT-TimerUL-NTN for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission. 
2>	else:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process at the first transmission (within a bundle) of the corresponding PUSCH transmission.


As we can see, the procedure can be reapplied directly to CG without complicated modifications.
However, it is still important to note that the current specification mainly considers NTN, so parameters often include the NTN, such as HARQ-RTT-TimerUL-NTN, which has been highlighted above. If this procedure is to be reused to CG, some editorial modification is required.
Even introducing NTN mechanism to XR directly, specification revisions are still needed.
Observation 1: The NTN specification of retransmission-less CG can easily be extended to terrestrial networks with only editorial revisions.
From [2] and [3], we can see that if we reuse the current specification, retransmission-less CG should be configured per HARQ process.
Therefore, RAN2 needs to consider adapting the NTN solution by disabling the HARQ RTT timer per HARQ processe for both CG and DG. We don’t think this is a big burden from network perspective which justifies more specification changes.
Proposal 1: For retransmission-less CG, the NTN solution is reused as is, i.e. network disables the HARQ RTT timer per HARQ process associated with the target CG configuration.
2.2 CG with multiple occasions 
Multi-CG Opportunities (CGO) has been discussed in RAN1 to deal with jitter and variable-size XR packets. In current specifications, multiple CG resources in a period can be configured in two cases: 1) in licensed band, the PUSCHs in a period are used to transmit the initial instance and the repetitions of one TB; 2) in unlicensed band (when CGRT is configured), cg-nrofPUSCH-InSlot is used to allocate multiple PUSCHs in a slot, that may be used to transmit multiple TBs.
The design of multi-CGO for XR has started in RAN1 as part of the WI discussions and results in that a UE could transmit multiple TBs per CG period, making use, in such case, of multiple HARQ processes per CG period.
After RAN1#112-e [4], the determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, is based on the following frameworks, to be further downscoped: the time domain resource mapping of Type A repetition, or the NR-U framework, or the Rel-17 single DCI scheduling multiple PUSCHs.
RAN1 made further progress also on the determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH [4]: 
	· The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· FFS whether in formulas above X is outside or inside floor operation, i.e. 
· HARQ Process ID = [X*floor( (CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2


It is clear from the above that RAN1 has started, and will complete the design for HARQ process ID determination. So RAN2 should leave this topic to RAN1 for now.
Proposal 2: RAN2 leaves to RAN1 the design of the determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH.
2.3 Unused CGO
The number of CGOs within a CG periodicity will be provisioned to take into account the larger burst sizes as well as the jitter range. But it is expected that a UE does not always make use of all the CGOs, for example when the number of TBs is small, or if the burst arrives late within the jitter span. The remaining resources can be reported to gNB so that it can allocate them to other UEs to increase network capacity.
In RAN1 chair’s notes [4], a format of UCI is defined, called UTO-UCI.
The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
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”. That is, the PUSCH transmission in CGO #n also provides the expected use of future CGOs #(n+1), #(n+2), etc.
Interestingly, this is expected to impact MAC. Indeed this scheme works like some kind of BSR, but at L1. So MAC will need to manage the new UCI provisioning and update. As of today, UL MAC works “per UL grant”. Meaning it starts generating a MAC PDU (in LCP) at the tproc_2 deadline of the PUSCH resource associated with an UL grant. And generates one MAC PDU with new data for each UL grant (except in the case of repetition where the same MAC PDU is reused for multiple consecutive grants, and of course of HARQ retx). So, with the new UTO-UCI scheme indicating used/unused occasions, the LCP may need to be run virtually “in advance” at the tproc_2 deadline of each CG-PUSCH occasions to predict how many CG-PUSCH occasions are needed to carry the remaining data in the buffer for the LCH associated with this CG, and provide every time an updated estimation for used/unused occasions.
Observation 2: MAC will need to feed L1 with UTO contents.
Proposal 3: RAN2 study the MAC impacts from providing L1 with the expected usage of CG PUSCH transmission occasions (aka UTO-UCI).
3. Conclusion
Observation 1: The NTN specification of retransmission-less CG can easily be extended to terrestrial networks with only editorial revisions.
Proposal 1: For retransmission-less CG, the NTN solution is reused as is, i.e. network disables the HARQ RTT timer per HARQ process associated with the target CG configuration.
Proposal 2: RAN2 leaves to RAN1 the design of the determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH.
Observation 2: MAC will need to feed L1 with UTO contents.
Proposal 3: RAN2 study the MAC impacts from providing L1 with the expected usage of CG PUSCH transmission occasions (aka UTO-UCI).
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