3GPP TSG-RAN WG2 Meeting #124	R2-2312331
Chicago, USA, 13 – 17 November 2023	


Agenda item:	7.5.4.3
Source:	Apple
Title:	UTO-UCI for Multi-PUSCH Configured Grant
WID/SID:	NR_XR_enh-Core
Document for:	Discussion / Decision

Introduction
For Multi-PUSCH CG and UTO-UCI, we have reached the following agreements in RAN2#123bis [1]:
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

In this paper, we present our views on which factors should be specified for UTO-UCI derivation.
Discussions
Factors for UTO-UCI Determination
From our point of view, we think the UE may determine UTO-UCI corresponding to the subsequent Nu (where Nu = 3…8) valid CG occasions based on the several factors, such as:
1. Whether a CG occasion is forbidden for transmission due to the running CG timer (i.e. the HARQ process of the CG occasion is not available).
2. The amount of data that is already in the buffer (e.g. the buffer of LCHs that are allowed to use this CG)
3. The amount of data that the UE expects to arrive in the buffer within the time interval covering the subsequent Nu CG occasions (e.g. based on the interaction with the Application layer).
4. The amount of data that the UE expects to discard from the buffer within the time interval covering the subsequent Nu CG occasions (e.g. based on the remaining time monitoring).
5. The MAC CEs that the UE expects to trigger within the interval covering the subsequent Nu CG occasions.
The factors listed above can be classified into two categories:
· Category A: the information that the UE knows for sure (i.e. (1) and (2))
· Category B: the information that the UE may obtain based on some prediction and/or additional capibilities (i.e. (3), (4), and (5))
Since not all UEs are implemented with the capabilities to obtain information about what will happen in the future, it is difficult to specify the UE behaviors based on what the UE anticipates, such as how the buffer status will be changed, or what MAC CEs will be triggered in the near future. Thus, we think we should only specify the factors that the UE can know for sure, which are the factors in the Category A listed above.
Proposal 1: Specify the following factors as what the UE should at least consider when deriving the UTO-UCI:
· Whether the CG timer associating to the HARQ PID of a CG occasion would be running when its PUSCH is to be transmitted/processed, and
· The buffer data volume of LCH(s) that are allowed to use resources of this CG configuration.

For the factors in Category B (and possibly other factors), we think it is up to UE implementation to decide if these factors should be taken into account when deriving the UTO-UCI.
Proposal 2: It is up to UE implementation to decide if the UE would consider any other factors for UTO-UCI derivation.  

Following Proposal 1, in our views if the configuredGrantTimer associating to the HARQ PID of a PUSCH in a multi-PUSCH CG would be running when the PUSCH is to be processed or transmitted, the UE should first exclude this PUSCH before deriving the UTO. Consider an example where the UE requires 3 out of 4 subsequent CG occasions for UL transmission, and one of upcoming four CG occasions cannot be used as the configuredGrantTimer associating to its HARQ PID will be running. The examples without and with consideration of configuredGrantTimer status for UTO derivations are illustrated in Figure 1 and Figure 2 respectively. In these examples, the UTO-UCI to be derived is bitmap that indicate the used/unused state for Nu=4 subsequent valid CG occasions that respectively have HARQ PID = 0, 1, 2, and 3. Also, we assume that the CG timer associating to HARQ PID = 2 would be running (due to a dynamic grant scheduled earlier with the conflicting HARQ PID) at the PUSCH timing of the CG occasion with HARQ PID = 2, so in such case the MAC entity will not deliver this CG PUSCH to the HARQ entity for MAC PDU generation.
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Figure 1 An illustration of UTO-UCI derivation without considering the status of Configured Grant Timer.
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Figure 2 An illustration of UTO-UCI derivation that first excludes CG PUSCHs that will be blocked by Configured Grant Timer.
In Figure 1, the UE derives UTO-UCI without considering the fact that the CG PUSCH with HARQ PID = 2 cannot be used due to the running the configuredGrantTimer, and thereby wrongly indentify/indicate the CG PUSCH with HARQ PID = 3 as “unused” by assuming that all data can be transmitted by the first three CG PUSCHs. Note that once a CG occasion indicated as “unused”, the UE can no longer use this resource. Consequently, the UE can only use 2 out of the 4 CG occasions, and therefore unable to transmit all buffered data within the interval of these 4 CG occasions – which results in longer latency and resource wastage. On the other hand, in Figure 2 we show the cases where the UE derives UTO-UCI by first excluding the CG PUSCH with HARQ PID = 2 that will be blocked by the configuredGrantTimer, and so it is able to correctly identify the other 3 CG occasions as “used” to accommodate the buffered data. Hence, all the data can be transmitted within the interval consisting these 4 CG occasions without any unnecessary delay.
Therefore, before deriving the UTO-UCI, the UE should first identify (based on their HARQ PIDs) and exclude the CG resources that will be blocked by the running configuredGrantTimer. Moreover, such CG resources should be indicated as “unused” in the UTO-UCI always. 
Proposal 3: Following Proposal 1, the UE should first exclude the CG occasions that cannot be used because the configuredGrantTimer associating to their HARQ PIDs would be running. These CG resources should be indicated as “unused” in the UTO-UCI.

UTO-UCI Update
According to RAN1 agreement, the UE is able to “update” the UTO information. In particular, a PUSCH that has been indicated as “used” earlier could be indicated as “unused” later, but a PUSCH that has been indicated as “unused” earlier cannot be changed to “used”. 
	Agreement
· A CG PUSCH occasion indicated as “unused” earlier, is not allowed to be indicated as “NOT unused later”.
· A CG PUSCH occasion indicated as “NOT unused” earlier, can be indicated as “unused” later.
· FFS: Whether there is specification impact




This leads to an question for RAN2: When should the UE MAC check if updating the used/unused state of a CG is needed ?
It came to our attention that, RAN1 has agreed a “sliding window” approach for UTO-UCI signaling, which means when UTO-UCI is signalled on a PUSCH, it always indicates the UTO information corresponding the subsequent Nu valid CG occasions. With such a framework, essentially each UTO-UCI bitmap comprises information for two subsets of valid CG occasions, namely:
· A subset of X valid CG occasions whose used/unused state have already been indicated in one or more previously signalled UTO-UCI, and
· A subset of Y valid CG occasions whose used/unused state have not been indicated in any of the previously signalled UTO-UCI.
Note that X + Y = Nu.  Obviously, the UE will always need to derive the used/unused state for the Y valid CG occasions whenever a UTO-UCI is to be signalled. However, we are not sure if the UE should also try to check if any of the X valid CG occasions need to be updated jointly. 
In our view, there are three options:
· Option 1: The UE checks if an update is needed for the X valid CG occasions whenever a UTO-UCI is to be signaled.
· Option 2: The UE checks if an update is needed for the X valid CG occasions when certain event(s) have occurred.
· Option 3: Leave it to UE implementation.
Option 1 requires the UE to check if an update is needed whenever it needs to transmit the UTO-UCI, which ensures that the gNB can always get the latest UTO information. Nonetheless, since UTO-UCI should be included in every valid CG PUSCH, it means the UE needs to check whether an update is needed for the X valid CG occasions before every CG PUSCH occasion that can be transmitted, which may result in a heavier burden for the UE. This is not desirable in terms of UE complexity.
Option 2 seems to be a better compromise, as the UE would only check if the UTO update is needed for the X valid CG occasions when specific triggering events have occurred. Based on RAN1 agreements, UTO update is solely relating to reducing (rather than increasing) the CG resource that the UE intends to use, and therefore the events should be mainly relevant to the situations where the uplink buffer size experiences a disruptive decrease. For examples, when the buffered packets (e.g. PDU Sets) are discarded, or when a certain amount of data is transmitted using another resource (such as a dynamic grant). This option guarantees that the UTO to be updated in time for the gNB to perform some resource optimization (if needed), while minimizing the UE complexity for UTO re-evaluation. 
Option 3 has no specification impact, which seems to be simple solution considering that we are approaching the end of Rel-18.  Thus, we think RAN2 can also leave it to UE implementation.
Proposal 4: RAN2 can discuss if we can leave checking for the need of UTO update to UE implementation, or if some triggering conditions should be specified.

Conclusions
This contribution discusses some of our views on UTO for Multi-PUSCH CG. We have proposed the following:
Proposal 1: Specify the following factors as what the UE should at least consider when deriving the UTO-UCI:
· Whether the CG timer associating to the HARQ PID of a CG occasion would be running when its PUSCH is to be transmitted/processed, and
· The data volume of LCH(s) that are allowed to use resources of this CG configuration.
Proposal 2: It is up to UE implementation to decide if the UE would consider any other factors for UTO-UCI derivation.  
Proposal 3: Following Proposal 1, the UE should first exclude the CG occasions that cannot be used because the configuredGrantTimer associating to their HARQ PIDs would be running. These CG resources should be indicated as “unused” in the UTO-UCI.
Proposal 4: RAN2 can discuss if we can leave checking for the need of UTO update to UE implementation, or if some triggering conditions should be specified.
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