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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]RAN1 has rather extensively discussed multi-PUSCH CG design in their previous meetings and their agreements thus far are summarized in the Annex. In this paper, we discuss potential impacts of Multi-PUSCH CG from RAN2's perspective, including how the MAC entity determines unused CG occasions. 
2 [bookmark: OLE_LINK15][bookmark: OLE_LINK77][bookmark: OLE_LINK79]Discussion
Since the size of the data burst is Gaussian distributed, it is possible that the size of the data burst does not match the UL grant provided by the multi-PUSCH CG. When the resources required by the pending data burst exceeds the resources supported by UL grant, the legacy BSR procedure will be reused. However, when the size of the burst is smaller than the size of multi-PUSCH CG, it is worth discussing how to efficiently utilize the allocated CG resources. Thus, the UTO-UCI is introduced as agreed by RAN1.
MAC layer modeling
For the sake of efficient usage of the CG resources, RAN1 has agreed to introduce UTO-UCI bitmap to indicate unused CG occasions such that the network can re-allocate the CG occasions to the other UEs. Specifically, a new RRC parameter Nu is introduced to indicate the size of the UTO-UCI bitmap, which is applicable to the Nu consecutive and valid CG occasions, starting with UTO_offset after the PUSCH carrying the UTO-UCI, as provided by RAN1#114 meeting[2]:
	Agreement
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations
Conclusion
There is no consensus to introduce RRC parameter UTO_offset. This over-rides earlier RAN1 agreements.


Although RAN1 has reached agreements on designing UTO-UCI, there remains issue about how to determine the content of the UTO-UCI or how to determine whether the CG occasions are unused. As per legacy specification, if there is no data to be transmitted, MAC entity is allowed not to generate MAC PDU and the CG occasion can be skipped by the UE, no transmission power consumption imposed. Hence, if UE determines the usage of CG occasions up to implementation, UE can reserve the CG occasions even though there is no pending data at no power cost. 
Observation2: UE does not need to indicate the CG occasion as unused, if determination of CG occasion is up to UE implementation.
Therefore, the introduction of UTO-UCI will be meaningless, if the determination of UTO-UCI is up to UE implementation. Since the MAC entity has the knowledge of the volume of data within the LCH(s) which can be mapped to a specific CG configuration and of the MAC PDU size for each CG occasion, it is reasonable that the determination of which CG occasions are used/unused is made by the MAC entity.
Proposal1: Whether UTO-UCI indicates CG occasion(s) as used/unused should be specified in MAC specification.
For multi-PUSCH CG, the retransmission can be performed by DG. Hence, for the UTO-UCI, it only needs to be carried by CG. Hence, the UTO-UCI is only transmitted when new transmission is performed on multi-PUSCH.
Proposal2: UTO-UCI is transmitted for each new transmission on CG occasions within a CG period when the MAC PDU is obtained.
As RAN1 has agreed to send UTO-UCI at each available CG occasion, we believe that the MAC entity should determine the used/unused indication in the UTO-UCI based on the data from the LCH(s) that can be mapped to a CG configuration only. The data from the LCH(s) not allowed to be mapped to the CG configuration should not be considered when designing the content of the associated UTO-UCI.
Proposal3: For each PUSCH transmission where UTO-UCI is sent, MAC entity determines the used/unused CG occasions based on the data from the LCH(s) which can be mapped to the corresponding CG configuration. 
How to determine UTO-UCI
To generate the UTO-UCI, the UE needs to determine the usage of future CG occasions, e.g. how many CG occasions will be unused, prior to sending the associated UTO-UCI. However, there remain two issues.
Cross-period UTO-UCI indication  
Moreover, the agreement from RAN1#114 meeting[2], enabling the MAC entity to determine the usage of CG occasions in CG period #n+1 based on the data arrived in CG period #n, as illustrated in Figure 1. 
[image: ]
Figure 1: UTO-UCI sent from CG period #n indicates the CG occasions in CG period #n+1 as unused, according to the data volume in CG period #n (Nu = 4).
Since CG periodicity is typically configured to match the periodicity of the XR traffic, it is likely that the CG occasions in CG period #n+1 are indicated as unused at the time of CG period #n, and there will be insufficient resources for the data arriving in CG period #n+1. For example, the UTO-UCI sent in slot U0 of CG period# n can indicate the CG occasion in slot U6 of CG period #n+1 as unused according to the buffered data volume at the time before slot U0, as shown in Figure 1.
Observation3: if UTO-UCI sent from CG period #n can indicate the CG occasions of CG period #n+1 as unused, additional latency will happen on the transmission of data arriving in CG period #n+1.
The above-mentioned issue will inevitably occur. Therefore, it is beneficial that the CG occasions in CG period #n+1 cannot be indicated as unused by the UTO-UCI sent from the other CG periods, e.g. CG period #n.
Proposal4: The CG occasions in CG period #n+1 should not be indicated as unused by the UTO-UCI sent from the other CG period, e.g. CG period #n.
CG occasions indicated as unused due to late arrived data
In the case that the XR traffic cannot perfectly match the CG period, such as presence of uplink jitter, when the MAC entity determines the content of UTO-UCI based on buffered data volume, more CG occasions may be indicated as unused than the actual need. From agreement of RAN2#121 meeting[3], UL jitter may be present for XR:
	Agreement
RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 


When there is uplink jitter, data may arrive at UE earlier or later than the nominal arrival time predicted according to traffic period. If data arrives late, there may be a chance that no data can be multiplexed into the MAC PDU at early CG occasions of a CG period. As per legacy UE behavior, if there is no MAC SDU, MAC CE, or aperiodic CSI, the MAC entity does not generate MAC PDU for the CG occasion, and hence the UTO-UCI associated to the CG occasion will not be sent. 
However, since the XR traffic interval, e.g. 16.67ms/11.1ms, is shorter than the given PSDB, e.g. 30ms, it is likely that the data arrived at CG period #n remains in the buffer till CG period #n+1. If data expected to arrive at CG period #n+1 arrives late due to jitter, the MAC entity will determine the number of unused CG occasions based on buffered data volume retained from CG period #n.
As illustrated in Figure 2, the UTO period for UTO-UCI sent in slot U0 contains CG occasions in slot U1, U2 and U3, e.g. Nu = 3. At time of slot U0, the pending data stored in the LCH contains the remaining data from previous period, and the MAC entity determines the number of unused CG occasion based on the remaining data. In this case, the UE sends UTO-UCI to indicate the CG occasions in slot U1, U2 and U3 as unused. As a consequence, there is no available uplink resource to convey the late arrived PDU Set, imposing additional transmission latency.
[image: ]
Figure 2: MAC entity determines the CG occasions as unused according to data volume (Nu = 3).
From agreement of RAN2#122 meeting[4], the uplink jitter range can be reported to RAN to arrange scheduling:
	Agreement
UE reports to RAN the range of jitter in its UL traffic, defined in the similar way as the one for N6 jitter.


With the reported jitter range, the network can adjust CG parameter, e.g. start offset, accordingly to align with the XR traffic for the sake of striking the tradeoff between the latency and capacity. This means that the start offset cannot be always assumed to cover jitter range. Therefore, it is preferred to allow the MAC entity to determine the usage of CG occasion according to the data volume of buffered data only when the data expected to be transmitted in the CG period has arrived. A feasible solution is to configure a time window, where the content of UTO-UCI sent within the time window should be determined according to data volume of buffered data. By contrast, the content UTO-UCI sent outside the time window does not need to be determined according to the data volume of buffered data.  To be more specific, the time window can be configured by referring to the reported jitter range, and can appear periodically, e.g. align with the associated CG periodicity. An example with Nu = 4 is given in Figure 3, in which the UTO-UCI sent in U0, outside the time window, does not need to determine the content for the UTO-UCI according to the buffered data volume, e.g. indicate CG occasions in slots U1-U3 up to UE implementation. While the UTO-UCI sent in slot U1 within the time window should indicate the usage of CG occasions in slot U2 and U3 according to the buffered data volume, e.g. indicate CG occasion in slot U3 as unused.
[image: ]
Figure 3: In case of Nu=4, UTO-UCI sent within time window should indicate the usage of CG occasions according to the buffered data volume.
Proposal5: The network can configure a time window for the UE: the content of UTO-UCI sent within a time window should be determined according to the data volume of buffered data, while the content of the UTO-UCI outside the time window indicates the associated CG occasions as used, e.g. left to UE implementation.
Additionally, in the agreement of RAN2 #121 meeting[3], RAN2 is supposed to support tethering use case for XR, as shown below:
	Agreement
RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.


In this case, it is possible that the PDUs belonging to a PDU Set or data burst do not arrive at the UE simultaneously, e.g. PDUs arrive across multiple CG occasions. 
[image: ]
Figure 4: Data, e.g. PDUs of a PDU Set, arrives at the UE across U0 and U1.
As depicted in Figure 4, when the UE determines the UTO-UCI at CG occasion in slot U0 based on data volume, the CG occasions in slots U1, U2 and U3 will be mistakenly indicated as unused. The legacy BSR procedure will hence be invoked and the additional transmission latency is therefore introduced.
This issue can also be solved by configuring a time window proposed in Proposal 6 to restrict when the UE determines the usage of CG occasions, by allowing the UE to determine the content of UTO-UCI during a specific time window. In the example of Figure 5, the UTO-UCI sent in CG occasion U1 can indicate the CG occasion in U3 as unused based on data volume. Since the arrival interval between PDUs and end of the data burst are not reported, the network may need to record the statistical experience to estimate the duration length.
[image: ]
Figure 5: There can be a time window, where the content of UTO-UCI with the time window should be determined according to data volume
Alternatively, another solution to cope with this issue can be that UE should indicate all the CG occasions as used before the end of data burst indication is identified. Only when all the data to transmit has arrived from the upper layer, the UE can determine how many CG occasions can be indicated as unused.
Proposal6: UTO UCI indicates CG occasions as used before the end of data burst has been identified. 

3 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, we provide our view on the XR enhancement for multi-PUSCH CG:
Proposal1: Whether UTO-UCI indicates CG occasion(s) as used/unused should be specified in MAC specification.
Proposal2: UTO-UCI is transmitted for each new transmission on CG occasions within a CG period when the MAC PDU is obtained.
Proposal3: For each PUSCH transmission where UTO-UCI is sent, MAC entity determines the used/unused CG occasions based on the data from the LCH(s) which can be mapped to the corresponding CG configuration. 
Proposal4: The CG occasions in CG period #n+1 should not be indicated as unused by the UTO-UCI sent from the other CG period, e.g. CG period #n.
Proposal5: The network can configure a time window for the UE: the content of UTO-UCI sent within a time window should be determined according to the data volume of buffered data, while the content of the UTO-UCI outside the time window indicates the associated CG occasions as used, e.g. left to UE implementation.
[bookmark: _GoBack]Proposal6: UTO UCI indicates CG occasions as used before the end of data burst has been identified. 
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Annex – RAN1 agreements on multiple CG PUSCHs
RAN1#113 meeting – HARQ process IDs[1]
	Agreement
From RAN1 perspective, for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured 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 = [X*floor( (CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· X= the number of configured PUSCHs in the CG period
· The HARQ process ID of the remaining configured and valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· Note: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.
Send an LS to RAN2 to convey the above RAN1 agreement. Final LS is in R1-2306233.




RAN1#113 meeting – UTO-UCI details[1]
	Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH carries UTO-UCI that is applicable to the valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
Option B-b2:
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations
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