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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
One objective of XR WI is to enhance CG to support multiple PUSCH transmission occasion, and at the same time allow UE to indicate some of the CG transmission occasions will not be used via UCI i.e., UTO-UCI, the detail of the objective are as following: 

	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);



In this contribution we discussion this topic based on the progress made in RAN1 
Discussion

CG is used for periodical service with fixed data size usually. We think the motivation of having multiple CG TOs in one CG periodicity is to deal with jitter or variable size of a typical XR data burst, and achieve short latency comparing with DG, and achieve high capacity by introducing unused transmission occasion indication, which allow gNB to recycle the resource for other UEs. 


As an example, to cope with jitter, gNB may configure multiple TOs within one CG periodicity, and these TOs can cover possible jitter range. some of the TOs will not be used depending on when the data arrives e.g., a late arrival data may only use the last TOs:


Figure 1: example of multiple TO and unused TO for jitter

As another example, to cope with the variable video frame/data burst size, gNB may configured multiple TOs with in one CG periodicity. All TO may be used within one CG periodicity but some TOs may not be needed when the data burst is smaller than expected in another CG periodicity:


Figure 2: example of multiple TO and unused TO for variable data size

RAN1 has agreed on UTO-UCI definition as below 
	· [bookmark: _Hlk139879327]UTO-UCI : the “UCI that provides information about unused CG PUSCH transmission occasions”
· 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”.
· For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted 



UTO-UCI would be included in every CG PUSCH that is transmitted for a CG PUSCH configuration. These would mean extra signaling overhead in physical layer, hence UTO-UCI should be enable only if there is gain. In case gNB is not able recycle the unused transmission occasion, or unlikely there would be unused TO due to the conservative configuration, or the UTO-UCI information from UE has been not so reliable from gNB observation, gNB may choose to disable UTO-UCI bitmap. Disabling and enabling should be a static configuration, and hence RRC signaling is enough.

Proposal 1:UTO-UCI should be enabled/disabled by NW via RRC signaling (FFS explicitly or implicitly) 


UTO-UCI will be a bitmap and included in PUSCH transmission at Physical layer, But the decision of UTO can only be made by MAC entity based on availability of L2 data for transmission.
Proposal 2: MAC makes the decision if a future TO will be skipped/unused and MAC informs the decision to physical layer. 

RAN1 also agreed following some details on UTO indications:

	· For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted 
· When a CG PUSCH occasion is indicated as “unused”, the UE is not allowed to transmit CG PUSCH on that CG PUSCH occasion. 
· For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit CG PUSCH on that CG PUSCH occasion as per legacy specification.
· No RAN1 specification impact
· 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




Based on above agreements, we have following observations:

Observations: MAC only indicate “unused” CG TOs, when a CG TO will not be used for sure, i.e., this is an unchangeable decision;  MAC should indicate a CG TO as “NOT unused” if it is not sure yet whether the TO will be used or not.  

It is clear the meaning of bit being set to 0/1,  but the question is whether to specify UE behavior on how to make the UTO decision. It would keep specification simple and leave more flexibility to UE if we leave this to UE implementation. On the other hand, with unspecified UE behavior, we can imagine:
a) One UE may tend to mark all TOs as “NOT unused”, then the UE is allowed to transmit or not to transmit CG PUSCH on all TOs as per legacy specification. This makes the UTO-UCI uselessness and unnecessary
b) Another UE may be too aggressive and mark too many TOs as “unused” and end up relying on dynamic scheduling from gNB
This will in turn force gNB to disable UTO-UCI, hence it is proposed:

Proposal 3: RAN2 strive to specify UE behavior on how to make UTO decision 

We think at least there are two cases that MAC can predicate the usage of future CG transmission occasion: 

Case 1: receiving end of data burst indication

When UE receive the last PDU of a data burst (e.g., an end of data burst mark from UE upper layer is received together), based on total amount of data available in L2 buffer for transmission, MAC can determine how many TOs are needed to transmit all these buffered data and then how many TOs will be skipped. Following figure shows an example where all bits in UTO-UCI are set as “NOT unused” till “end of data burst” is received. At the moment of receiving “end of data burst” UE is able to calculate that TO3 and TO4 will be used to transmit the buffered data and TO5-TO7 can be marked as “unused”:




Figure 3: Case 1 receiving end of data burst indication


Case 2: Empty buffer size 
when there will have no buffered data, UE can indicate the following TOs within the periodicity/defined window as “unused” 
in detailed, there could be two sub-cases
2-a) late arrival of a data burst. if multiple CG TOs are configured to cope with jitter, then configured multiple CG TOs spread out around the reference arrival timing point to cover the jitter window, so it is possible that either first or last TOs will not be used depends on the packet arrival timing
2-b) all buffered data has been scheduled/discarded. 




Figure 4: Case 2 Empty buffer size


Proposal 4 RAN2 consider to specify below cases where UE can mark a future TO as “unused “:
Case 1: receiving end of data burst indication
Case 2: Empty buffer size
Summary
[bookmark: OLE_LINK3]This contribution provided our initial proposals on multiple TO configuration and unused TO indication as follows:

Proposal 1:UTO-UCI should be enabled/disabled by NW via RRC signaling (FFS explicitly or implicitly) 
Proposal 2: MAC makes the decision if a future TO will be skipped/unused and MAC informs the decision to physical layer. 

Observations: MAC only indicate “unused” CG TOs, when a CG TO will not be used for sure, i.e., this is an unchangeable decision;  MAC should indicate a CG TO as “NOT unused” if it is not sure yet whether the TO will be used or not.  

Proposal 3: RAN2 strive to specify UE behavior on how to make UTO decision 
Proposal 4 RAN2 consider to specify below cases where UE can mark a future TO as “unused “:
Case 1: receiving end of data burst indication
Case 2: Empty buffer size
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