3GPP TSG-RAN WG2 Meeting #123bis                            R2-2309709                                           
Xiamen, China, 9 – 13 October, 2023	
                                                     
Source:        CATT 
[bookmark: Title]Title:	        Leftover issues on configured grant
[bookmark: Source]Agenda Item:	7.5.4.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. [bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]How to determine the unused CG-PUSCH is a remaining issue in the running MAC CR [1]. This contribution will address this issue. Additionally, the impact of non-integer traffic periodicities on CG will be discussed too.
	[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.



2. Discussion
2.1. [bookmark: _Ref140143879]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 unused resources can be reported to gNB so that it can allocate them to other UEs to increase network capacity.
In RAN1 chair’s notes [2], a format of UCI is defined, called UTO-UCI where the term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
RAN1 agreed it cannot be tagged back to “not unused” once it has been tagged as “unused”. This agreement is reasonable, after a CGO has been tagged as “unused CGO”, gNB may have already allocated CG resource to another UE, and the UE cannot use the resource again. Therefore, UE must accurately ensure the CG resource in the period is "unused" before reporting unused CGO.
Observation 1: UE needs an accurate way to assess if the CGO is “unused CGO”.
As copied in Section 1, the current running MAC CR [1] captures that MAC is in charge of determining whether a next CGO is to be considered as “unused” and feeds the L1 with this information.
It remains to define how MAC determines a next CGO is to be considered as “unused”.
Besides, it was agreed in RAN2#122:
	1: On the UL, the identification of PDU sets, data bursts and PSI is left to UE implementation. This doesn’t mean UE cannot use information provided by upper layers, but RAN2 does not intend to specify how.


which is captured in the stage-2 running CR as follows:
	In the uplink, the UE needs to be able to identify PDU Sets and Data Bursts dynamically, including PSI. How this is done is left up to UE implementation.


From the above, it is clear that a UE serving an XR PDU session is able to identify the ends of data bursts (EoDB) of an UL XR traffic.
Observation 2: A UE serving an XR PDU session is able to identify the end of data bursts (EoDB) of an UL XR traffic.
Currently, the only case in which UE can be sure that the CGO is “unused CGO” is by receiving an indication (from the application layer, or derived by implementation) of end of data burst (EoDB). 
After receiving the EoDB, the UE can safely assume that no further XR PDU will be received for this CG period, and can tag the subsequent CGO as “unused”. Therefore, before receiving/detecting EoDB, UE always reports “not unused” for subsequent CGOs. Once it receives/detects EoDB indication, UE reports “unused” for subsequent CGOs following the PDU with EoDB. This is illustrated in Figure 1, where we assume ‘0’ = NOT unused and ‘1’ = unused, and UTO-UCI indicates usage of the next 3 TOs:
· At Tproc,2 before the first TO of the CG period, UE cannot predict if any new data will arrive before the deadline for generating the MAC PDU for the 2nd TO of the CG period. Hence it has no other choice but to tag the following TOs as “NOT unused”.
· Right before Tproc,2 before the 2nd TO of the CG period, the UE receives data that can fit in the next two PUSCHs (next two TOs). In addition it is indicated (by application) that these data are the last data of the burst. So it is confident that no further data will arrive for that burst, i.e. during this CG periodicity. Therefore it can indicate to the network that TOs #4, #5, #6 will be unused.


[bookmark: _Ref142220701]Figure 1: UTO-UCI determination based on EoDB indication/detection
Proposal 1: Before detecting EoDB, UE always reports “not unused” for subsequent CGOs. Once it detects EoDB, UE reports “unused” for subsequent CGOs of this CG period, following the PDU with EoDB.
We provide a TP in annex A.
2.2. Using rational number for CG periodicity
In the early meetings of the SI, the mismatch between CG periodicity and non-integer XR traffic periodicity was briefly discussed in RAN2, but then CG enhancements were left to RAN1. Now, for DRX periodicity, the solution of using rational number has been agreed to address DRX cycle mismatch with XR traffic periodicity. 
However, the same issue still exists for CGs. In the initial discussions, several companies considered it could be addressed by use of multiple CG configurations. However, this argument can be defeated by the fact that RAN1 designed CG enhancements (multi-PUSCH CG), so that one configuration can address one XR traffic. It would be a real waste to use multiple of those for the only purpose of adjusting the periodicity. Instead, the agreed method based on rational number could be further extended to CG periodicity.
Proposal 2: Same as DRX, CG periodicity is enhanced to support periods in rational numbers.
3. Conclusion
[bookmark: _GoBack]In this contribution, we provide below observations and proposals. The TP in Annex A is correspinding to proposal 1.
Observation 1: UE needs an accurate way to assess if the CGO is “unused CGO”.
Observation 2: A UE serving an XR PDU session is able to identify the end of data bursts (EoDB) of an UL XR traffic.
Proposal 1: Before detecting EoDB, UE always reports “not unused” for subsequent CGOs. Once it detects EoDB, UE reports “unused” for subsequent CGOs of this CG period, following the PDU with EoDB.
Proposal 2: Same as DRX, CG periodicity is enhanced to support periods in rational numbers.
4. [bookmark: _Ref69910645]Reference
[1]. [bookmark: _Ref146214395][bookmark: _Ref145935995][bookmark: _Ref142499119]R2-2309316, Introduction of XR enhancements to TS 38.321, Qualcomm
[2]. Draft Report of 3GPP TSG RAN WG2 meeting #123
Annex A: TP for unused CGO
============================CHANGE STARTS===============================
[bookmark: _Toc20387887][bookmark: _Toc29375966][bookmark: _Toc37231823][bookmark: _Toc46501876][bookmark: _Toc51971224][bookmark: _Toc52551207][bookmark: _Toc130938698]5.8.2	Uplink
[…]
After an uplink grant is configured for a configured grant Type 2, 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] =
	[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity]
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
For a multi-PUSCH configured grant Type 2, the Kth (1 < K ≤ numberOfPUSCH-PerPeriod) configured uplink grant within the same periodicity occurs (K-1) × numberOfSymbolsPerSlot symbols after the symbol in which the first configured uplink grant in that periodicity occurs.  
Editor’s Note: This change is based on RAN1’s agreement. It needs to be confirmed by RAN2.
If cg-nrofPUSCH-InSlot or cg-nrofSlots is configured for a configured grant Type 1 or Type 2, the MAC entity shall consider the uplink grants occur in those additional PUSCH allocations as specified in clause 6.1.2.3 of TS 38.214 [7].
NOTE 2:	In case of unaligned SFN across carriers in a cell group, the SFN of the concerned Serving Cell is used to calculate the occurrences of configured uplink grants.
For a multi-PUSCH configured grant, upon detecting the end of a data burst (EoDB), the MAC entity shall consider as unused the configured grants, within the same periodicity, following the configured grant carrying a PDU including the last data of the burst. 	Comment by CATT: Corresponding to Proposal 1.
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. 
NOTE X:	It is left to UE implementation how MAC detects an EoDB.	Comment by CATT: Corresponding to Proposal 1.
Editor’s note:  	FFS how the MAC entity determines whether a configured uplink grant is going to be used for PUSCH transmission or not.
When the configured uplink grant is released by upper layers, all the corresponding configurations shall be released and all corresponding uplink grants shall be cleared.
The MAC entity shall:
1>	if at least one configured uplink grant confirmation has been triggered and not cancelled; and
1>	if the MAC entity has UL resources allocated for new transmission:
2>	if, in this MAC entity, at least one configured uplink grant is configured by configuredGrantConfigToAddModList:
3>	instruct the Multiplexing and Assembly procedure to generate a Multiple Entry Configured Grant Confirmation MAC CE as defined in clause 6.1.3.31.
2>	else:
3>	instruct the Multiplexing and Assembly procedure to generate a Configured Grant Confirmation MAC CE as defined in clause 6.1.3.7.
2>	cancel all triggered configured uplink grant confirmation(s).
For a configured grant Type 2, the MAC entity shall clear the configured uplink grant(s) immediately after first transmission of Configured Grant Confirmation MAC CE or Multiple Entry Configured Grant Confirmation MAC CE which confirms the configured uplink grant deactivation.
Retransmissions use:
-	repetition of configured uplink grants; or
-	received uplink grants addressed to CS-RNTI; or
-	configured uplink grants with cg-RetransmissionTimer or cg-SDT-RetransmissionTimer configured.
==============================CHANGE ENDS===============================
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