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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. 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 on Multi-PUSCH CG
The multi-PUSCH CG supporting multiple CG occasions for a CG configuration has been discussed in RAN1 #113 [1] meeting, where a number of consecutive uplink slots can be allocated within a CG period. From RAN2 perspective, the multi-PUSCH CG is supported by both CG type 1 and CG type 2, as given below:
	Agreement
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


It is also worth noting that multi-slot CG configuration has been supported in the unlicensed band, where a number of cg-nrofSlots consecutive slots are allocated within a configured grant period. For these two  features, RAN1 has agreed that higher layer parameter nrofSlots_InCGperiod, configuring multi-PUSCH CG occasions within a CG period, cannot be configured with cg-nrofSlots, configuring multi-slot CG occasions within a CG period for NRU, in TS38.214[2], as shown below:
	If a UE is configured with higher layer parameter [nrofSlots_InCGperiod] in a configuredGrantConfig, the UE does not expect to be configured with cg-nrofSlots and cg-nrofPUSCH-InSlot in the configuredGrantConfig.


Thus, we believe that the compatibility issue between the both techniques has been solved and RAN2 is expected to confirm the conclusion.
Proposal1: RAN2 to confirm that multi-PUSCH CG in XR and multi-slot CG in legacy NR-U cannot be supported at the same time.
3 Discussion on UTO-UCI
Data volume calculation for determining UTO-UCi
Although RAN1 has reached agreements on designing UTO-UCI, there remains the issue about how to determine the content of the UTO-UCI or how to determine whether the CG occasions are unused. Based on the RAN1 agreement, RAN2 agreed to specify the factors the UE shall at least consider to determine the content of UTO-UCI, in #123bis meeting [3]: 
	Agreement
We will specify some factors that the UE should consider when determining how to set the UTO-UCI in the MAC. FFS which ones we know for sure the UE shall at least consider.


First of all, the motivation of introducing UTO-UCI is to indicate the network which CG occasions are unused, when the allocated resources are beyond the actual need for uplink transmission. Therefore, to determine the number of used/unused CG occasions, we believe that the most important factors UE shall consider are the data volume of the buffered data available for transmission, and the size of the MAC PDU for each CG occasion. Specifically, the data volume considered should be the data from the LCH(s) that can be mapped to the corresponding CG configuration. While the data from the other LCH(s) not allowed to be mapped to the CG configuration should not be considered when designing the content of the associated UTO-UCI.
Proposal2: 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. 

Factors of Determining Content of UTO-UCI
Additionally, since the tethering use case has been supported in the agreement of RAN2 #121 meeting [4], as shown below, there may exist jitter and burst spreading in uplink XR transmission.
	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, simply considering the data volume of existing buffered data as the factor to determine the usage of CG occasion may be insufficient, as the CG occasions may be mistakenly indicated as unused. For example, 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 1: Data, e.g. PDUs of a PDU Set, arrives at the UE across U0 and U1.
As depicted in Figure 1, when the UE determines the UTO-UCI at CG occasion in slot U0 simply based on buffered 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.
However, the UE cannot precisely determine how many CG occasions can be indicated as unused until all the data for transmission, e.g. a whole PDU set or data burst, has arrived from the upper layer. Therefore, we believe it is beneficial to consider end of data burst (EODB) indication as a factor when designing the content of UTO-UCI. For example, UE should indicate all the CG occasions as used before the EODB indication is identified.
Observation 2: EODB is an important factor to consider when determining the usage of CG occasion, e.g. indicate CG occasions as used until EODB is identified. 

	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). 


Moreover, from agreement of RAN2#121 meeting [4], jitter may be present for XR. Hence, there exists the scenario that XR traffic cannot perfectly align with the CG period. 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 the 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 and more CG occasions will be indicated as unused than the actual need.
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 [5], 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.


Therefore, we believe that the recorded jitter range can be a factor for the MAC entity to determine the usage of CG occasions. For example, when the UTO-UCI is sent within the jitter range, the associated CG occasions can be indicated as used. In other words, if the UTO-UCI is sent within the jitter range, the MAC entity can determine the content of UTO-UCI based on other factors than data volume.
Observation 3: Jitter range of a data burst is an important factor to consider when determining the usage of CG occasion, e.g. indicate CG occasions as used if the UTO-UCI sent within the jitter range.  
Proposal3: When determining the unused CG occasions for UTO-UCI, the UE shall consider the following factors:
· whether end of data burst has been identified for the data burst within this CG period
· expected jitter range of the data burst
Additionally, the conclusion agreed from RAN1#114 meeting [2] enables the MAC entity to determine the usage of CG occasions in CG period #n+1 based on the buffered data volume in CG period #n, as illustrated in Figure 4. 
[image: ]
Figure 4: 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 4.
The above-mentioned issue will inevitably occur. Therefore, we believe that cross-period indication should be considered. For example, 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 UE shall not indicate the CG occasions in CG period #n+1 as unused by the UTO-UCI sent from the other CG period, e.g. CG period #n.

4 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, we provide our view that for each PUSCH transmission where UTO-UCI is sent, the MAC entity should determine the used/unused CG occasions based on the data from the LCH(s) which can be mapped to the corresponding CG configuration. Moreover, considering data burst spread and uplink jitter, we believe that EODB indication and uplink jitter range should be taken into account as the factors when determining the content of UTO-UCI. Additionally, to prevent introducing transmission latency due to the CG occasions mistakenly indicated as unused, the UE shall not indicate the CG occasions in CG period #n+1 as unused by the UTO-UCI sent from the other CG period, e.g. CG period #n.
The following proposals are given:
Multi-PUSCH CG
Proposal1: RAN2 to confirm that multi-PUSCH CG in XR and multi-slot CG in legacy NR-U cannot be supported at the same time. 
UTO-UCI
Proposal2: 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. 
Proposal3: When determining the unused CG occasions for UTO-UCI, the UE shall consider the following factors:
· whether end of data burst has been identified for the data burst within this CG period
· expected jitter range of the data burst

[bookmark: _GoBack]Proposal4: The UE shall not indicate the CG occasions in CG period #n+1 as unused by the UTO-UCI sent from the other CG period, e.g. CG period #n.
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