3GPP TSG-RAN WG2 Meeting #115-e		R2-2107201
Online, August 09 – August 27, 2021

Source:	CATT 
[bookmark: Title]Title:	Sequential processing of autonomous retransmission and lch-based prioritization
[bookmark: Source]Agenda Item:	8.5.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#114, it was agreed that [1]:
8.	When cg-RetransmissionTimer and lch-basedPrioritization are configured, for overlapping CGs, the MAC entity prioritizes the initial transmission of higher priority data over autonomous retransmission of lower priority data.  FFS how to implement this in Rel-17 after some of the Rel-16 discussion takes place 
But it is still FFS on how to capture this agreement in MAC, if anything needed. This issue is addressed in Section 2.2.2 of the email discussion[2], however, we thought it was worth sharing an analysis providing the details and interactions of the NR-U process implementing an autonomous retransmission on CG and the IIOT process implementing LCH-based prioritization in the current specification, for the sake of reference.
Discussion
2.1	Details of the NR-U autonomous retransmission procedure
In the AI 6.1.3 User Plane corrections, the following NR-U CR was agreed [3]:
	5.4.1	UL Grant reception
Omitted
[bookmark: _Hlk23499210][bookmark: _Hlk23787129]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. For HARQ Process ID selection, tThe UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.
omitted


The added text refers to the HARQ Process ID selection defined in the yellow highlighted text, where it is specified that this HARQ Process ID selection is left to UE implementation for configured grants. However, retransmissions on configured grants can only be, in NR-U, autonomous retransmissions which are necessarily performed on the same HARQ process as the initial transmission, as specified in the below text. In other words, the above text should be interpreted as, upon occurrence of a configured grant (CG), the UL grant reception procedure (5.4.1) can allocate by implementation any of the HARQ Process IDs available for the CG configuration, except if an autonomous retransmission takes place in this CG in which case the HARQ Process ID selection is restricted to select the same HARQ process ID as the initial transmission. It should be noted that this statement is not restricted to HARQ process ID selection in the same configured grant configuration. Indeed, the below text allows UE selecting (by implementation) any configured grant configuration for an autonomous retransmissions (i.e. different from the configured grant configuration of the initial transmission), as long as this configured grant configuration has the same TBS and, of course, is also configured to use the HARQ process ID of the initial transmission (HARQ process sharing). This is illustrated in Figure 1. Hence, despite the added text in the CR [1], it is clear that, when handling an autonomous retransmission, the NR-U protocol must first select a CG opportunity (CGO) where to perform the autonomous retransmission (it is expected that the UE selects the closest CGO amongst the CG configurations configured with the HARQ process of the initial transmission), and then it assigns this CGO to the autonomous retransmission by selecting/setting for it the same HARQ process ID as the initial transmission.   
	5.4.2.2	HARQ process
Each HARQ process is associated with a HARQ buffer.
New transmissions are performed on the resource and with the MCS indicated on PDCCH or indicated in the Random Access Response (i.e. MAC RAR or fallbackRAR), or signalled in RRC or determined as specified in clause 5.1.2a for MSGA payload. Retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH, or on the same resource and with the same MCS as was used for last made transmission attempt within a bundle, or on stored configured uplink grant resources and stored MCS when cg-RetransmissionTimer is configured. If cg-RetransmissionTimer is configured, retransmissions with the same HARQ process may be performed on any configured grant configuration if the configured grant configurations have the same TBS.




[bookmark: _Ref74755106]Figure 1: CG & HARQ process ID selection by UE implementation 
Observation 1: When performing an autonomous retransmission, the NR-U protocol must first select a CG opportunity (CGO) where to perform the autonomous retransmission, and then it assigns this CGO to the autonomous retransmission by selecting for it the same HARQ process ID as the initial transmission.
As can be further observed above, in MAC, the procedure by which UE selects (by implementation) a CG opportunity (CGO) where to perform the autonomous retransmission is partly captured in Clause 5.4.1 UL Grant reception (captured in the HARQ process ID selection procedure) and in Clause 5.4.2.2 (capturing the CGO selection across CG configurations).
Observation 2: In MAC, the procedure by which UE selects (by implementation) a CG opportunity (CGO) where to perform the autonomous retransmission is partly captured in Clause 5.4.1 (captured in the HARQ process ID selection procedure) and in Clause 5.4.2.2 (capturing the CGO selection across CG configurations).
2.2	NR-U autonomous retransmission procedure and IIOT LCH-based prioritization procedure.
We showed in Section 2.1 that the procedure by which UE selects (by implementation) a CG opportunity (CGO) where to perform the autonomous retransmission is partly captured in Clauses 5.4.1 and 5.4.2.2. The below MAC extract highlights where the LCH-based prioritization procedure is captured with respect to the above-described NR-U CGO selection for an autonomous retransmission.
	5.4.1	UL Grant reception
Omitted
For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. For HARQ Process ID selection, the UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.
Omitted

For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR.
For the MAC entity configured with lch-basedPrioritization, if the corresponding PUSCH transmission of a configured uplink grant is cancelled by CI-RNTI as specified in clause 11.2A of TS 38.213 [6] or cancelled by a high PHY-priority PUCCH transmission as specified in clause 9 of TS 38.213 [6], this configured uplink grant is considered as a de-prioritized uplink grant. If this deprioritized uplink grant is configured with autonomousTx, the configuredGrantTimer for the corresponding HARQ process of this de-prioritized uplink grant shall be stopped if it is running.
When the MAC entity is configured with lch-basedPrioritization, for each uplink grant whose associated PUSCH can be transmitted by lower layers, the MAC entity shall:
Omitted
5.4.2.2	HARQ process
[…]
If cg-RetransmissionTimer is configured, retransmissions with the same HARQ process may be performed on any configured grant configuration if the configured grant configurations have the same TBS.


As can be observed, in Clause 5.4.1, the HARQ process ID selection and LCH-based prioritization procedures are performed sequentially, where the HARQ process ID selection is performed first, and then the LCH-based prioritization. And even though the normative text by which UE can select (by implementation) a CG opportunity (CGO) where to perform the autonomous retransmission is partly captured in a different clause (5.4.2.2), it is clear from observation 1 that this text must be executed before the HARQ process ID selection. As a result, we can derive from analysing the MAC specification that the MAC processing for the failed CGO and selected CGO for autonomous retransmission can be summarized as in Figure 2.


[bookmark: _Ref74820144]Figure 2: MAC processing for the failed CGO and selected CGO for autonomous retransmission
From the above, it can be concluded that in the current MAC specification the CG & HARQ process ID selection for an autonomous retransmission is performed first, and then the LCH-based prioritization, meaning that, if the CGO selected for the autonomous retransmission overlaps with another CG, it can be deprioritized by the LCH-based prioritization procedure (Figure 3). Therefore, the above RAN2 agreement requires no specification change.
Proposal 1: No specification change is required for capturing the above RAN2 agreement.


[bookmark: _Ref74821407]Figure 3: LCH-based prioritization can deprioritize an autonomous retransmission
It is also interesting to further note:
1) As illustrated in Figure 3 (lower figure), if the UE implementation selected another configured grant configuration for the autonomous retransmission, it can be then deprioritized by a transmission of higher priority from the configured grant configuration of the initial transmission.
2) Current MAC specification is even more generic than the RAN2 agreement since the LCH-based prioritization can deprioritize an autonomous retransmission in favor of an initial transmission but also another retransmission (of higher priority).
Conclusion
In this document, we first analyze the procedure of retransmission for NR-U according to Rel-16 specification and then we study the procedure for NR-U autonomous retransmission and IIoT LCH-based prioritization procedure. We draw the following observations and proposal.
Observation 1: When performing an autonomous retransmission, the NR-U protocol must first select a CG opportunity (CGO) where to perform the autonomous retransmission, and then it assigns this CGO to the autonomous retransmission by selecting for it the same HARQ process ID as the initial transmission.
Observation 2: In MAC, the procedure by which UE selects (by implementation) a CG opportunity (CGO) where to perform the autonomous retransmission is partly captured in Clause 5.4.1 (captured in the HARQ process ID selection procedure) and in Clause 5.4.2.2 (capturing the CGO selection across CG configurations).
Proposal 1: No specification change is required for capturing the above RAN2 agreement.
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