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1. Introduction 

In RAN1 AH 1801 and RAN1 #92 meeting, regarding configured grant UL transmission, following agreements were made [1][2].

	RAN1 AH 1801 

Agreements:
· For both configured grant Type 1 and Type 2 UL transmissions, a UE can be configured with the following parameter by UE-specific RRC signaling separately from the corresponding RRC parameter for grant-based transmission:

· uci-on-PUSCH: CHOICE {dynamic EQUENCE (SIZE (1..4)) OF BetaOffsets, semiStatic BetaOffsets} }

· UCI on PUSCH for configured grant is supported.

· Dropping/multiplexing rules for UCI to be further discussed.

· Note: For Type 1 UL data transmission without grant, “uci-on-PUSCH” should be “semiStatic BetaOffsets”

RAN1 #92

Agreements:

· Data mapping type A for PDSCH and for PUSCH does not support more than one repetition within one slot.




In this contribution, we provide our views on the remaining issues on UL data transmission with configured grant.
2. Discussion
2.1. UCI multiplexing on PUSCH for configured grant 
UCI transmission, e.g. HARQ-ACK for DL data and CSI report may overlap with a PUSCH transmission for configured grant in time domain. Since configured grant transmission may be used for high priority service, latency and reliability requirements need to be satisfied. In this case, performance of data transmission for configured grant should be guaranteed when UCI is multiplexed on PUSCH for configured grant. 

It is important to define priority rules and multiplexing rules for UCI multiplexing on PUSCH for configured grant. For HARQ-ACK, it should be prioritized over other types of UCI when multiplexing on PUSCH for configured grant. For CSI reports, the priority should be lower since CSI reports may require a number of resources on PUSCH for configured grant. To ensure the data transmission on configured grant PUSCH, CSI reports can be dropped. 
On the other hand, the amount of UCI bits multiplexed on PUSCH for configured grant should be limited aiming to avoid performance degradation of data transmission. For HARQ-ACK, up to 2 bits can multiplexed on PUSCH. If HARQ-ACK bits are more than 2 bits, HARQ-ACK bundling to 2 bits can be considered. 

Since configured grant may be used for URLLC service, UCI multiplexing on PUSCH for configured grant should not have impact on the data transmission of configured grant. As limited UCI bits are allowed to be multiplexed, UCI puncturing PUSCH can be adopted such that UCI puncturing does not affect the processing timeline for URLLC data. Therefore, for HARQ-ACK with up to 2 bits, HARQ-ACK is multiplexed on PUSCH for configured grant by puncturing the PUSCH. 

In case of UCI multiplexing on PUSCH for configured grant with repetitions, UCI is multiplexed on the repetition that is overlapped with UCI in time, e.g. UCI punctures the grant-free PUSCH on the overlapped repetition.

Proposal 1: For UCI multiplexed on PUSCH with configured grant.
· Only HARQ-ACK can be multiplexed on PUSCH with configured grant.

· For HARQ-ACK, 
· For HARQ-ACK <= 2 bits, HARQ-ACK punctures PUSCH with configured grant.

· For HARQ-ACK > 2 bits, HARQ-ACK bundling to 2 bits can be considered.
2.2. Repetition for data mapping type B for PUSCH

For grant-based DL or UL, it is agreed that a TB can be repeatedly transmitted using over multiple slots or mini-slots, where the number of repetitions K is configured by higher layer parameters, i.e. pdsch-AggregationFactor or pusch-AggregationFactor. For data mapping type A for PDSCH and PUSCH, according to the agreements in RAN1 #92 meeting, one repetition within one slot is allowed. The same symbol allocation is applied across the K consecutive slots.

Grant-free transmission resources can be configured for URLLC UL transmission to satisfy the latency requirement. In this case, data mapping type B for grant-free PUSCH may be used. When number of repetition K is configured as larger than 1, UE needs to repeat the TB transmission either across multiple slots or across multiple mini-slots. If a TB is repeatedly transmitted across multiple slots, i.e. one repetition within one slot as data mapping type A, it will lead to large transmission delay. Therefore, multiple repetitions across mini-slots within one slot needs to be supported. As for the service without low latency requirement, one repetition within on slot can be used. 

The periodicity of grant-free resources can be used to distinguish the different repetition options for data mapping type B. For example, when periodicity P is not great than 1 slot, repetitions across back-to-back mini-slots within one slot is used, while P is larger than 1 slot, one repetition within one slot is used.
Proposal 2: For data mapping type B for grant-free PUSCH 
· For periodicity P <= 1 slot, repetitions across back-to-back mini-slots within one slot is supported

· For periodicity P > 1 slot, one repetition within one slot is allowed

2.3. Handling of HARQ process collision between dynamic grant and configured grant

For a UE configured with type 1 or type 2 configured grant, the number of HARQ process for configured grant is configured by RRC. The HARQ processes used for configured grant can be shared with those for dynamic grant. The HARQ process ID for a configured grant tranmission is determined according to the transmission occasion of repetition bundle within period, while HARQ process for dynamic scheduling is indicated by UL grant. Due the different scheduling mechanism for dynamic grant and configured grant, HARQ process for PUSCH scheduled by dynamic grant may collide with the HARQ process for a PUSCH with configured grant, e.g. within the RTT of dynamic grant scheduling, a PUSCH for configured grant with the same HARQ process as dynamic scheduling may be transmitted. Two examples are illustrated in Figure 1.
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(a) When a PUSCH with configured grant transmission with HPID=i is after the dynamic grant scheduled PUSCH with HPID=i
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(b) When a PUSCH with configured grant with HPID=i is prior to the dynamic grant scheduled PUSCH with HPID=i
Figure 1: Example of HARQ process collision between dynamic grant and configured
There are approches to avoid HARQ process collision :

· Separate HARQ processes between dynamic grant and configured grant are used.

· Priority rules are defined for HARQ process collision.

One approach that HARQ process ID for dynamic grant and configured grant are separately assigned. However, this would put limitation on gNB scheduling and thus may reduce the peak data rate for UL data transmission. Another approach is that priority rules are defined for HARQ process collision. When HARQ processes collide between dynamic grant and configured grant, there are different options to determine the priority.

· Option 1 : dynamic grant overrides configured grant in case of HARQ process collision

· Option 2 : configured grant overrides dynamic grant in case of HARQ process collision

For option 1, dynamic grant always takes precedence over configured grant in case of HARQ process collision. It is simple and useful since dynamic grant can provide robust resources and link adaptation with consideration of interference condition and channel quality. This is also beneficial when a PUSCH with configured grant is prior to the dynamic grant scheduled PUSCH with the same HARQ process. For this case, UE may use PUSCH of dynamic grant for the data transmission that are to be transmitted on configured grant PUSCH. The drawback of option 1 is that latency for configured grant transmission may increase, which goes against the requirements of URLLC traffic if configured grant is applied for low latency service.

For option 2, configured grant can be prioritized over dynamic grant in the case of HARQ process collision. It is reasonable that configured grant can override a dynamic grant if there are high priority service to be transmitted on PUSCH for configured grant. This option can be beneficial for URLLC case.

Proposal 3: Further discuss on handling the case of HARQ process collision between dynamic grant and configured grant.
2.4. Interaction with SFI
In TDD case, transmission of configured grant for a UE may collide with the direction indicated by semi-static or dynamic SFI. 

· Case 1 :  interaction with semi-static SFI only

It was agreed that configured grant transmission is allowed on the UL or flexible resources indicated by semi-static SFI. When K repetitions are paritially or fully overlapped on the DL resources indicated by semi-static SFI, UE is not allowed to transmit configured grant transmission for the repetition(s) on the DL resources. In the case that partial repetitions are collided with the direction indicated by semi-static SFI, it is reasonable that UE skips/drops the repetitions on the collided resources and continues the other repetitions within the K repetitions.

· Case 2 : interaction with dynamic SFI 

In the case that semi-static SFI indicates flexible or no semi-static SFI exists, dynamic SFI can be used to indicate DL, UL or flexible. If dynamic SFI indicates a resource as UL, UE can transmit data on configured grant. When dynamic SFI indicates a resource as DL or flexible, UE is not allowed to transmit data on configured grant. For the case that K repetitions are partially overlapped with DL/flexible resources indicated by dynamic SFI, UE should skip or drop the repetitions on the collided resources, while UE is allow to continue other repetitions on UL resources indicated by dynamic SFI.

Proposal 4: For the case that K repetitions of configured grant transmission collide with direction indicated by semi-static SFI or dynamic SFI

· UE skips the repetitions on the DL resources indicated by semi-static SFI.
· UE skips the repetitions on the DL or flexible resources indicated by dynamic SFI.
3. Conclusion

In this contribution, we discussed design and related procedure for UL transmission with configured grant. The proposals are summarized below.
Proposal 1: For UCI multiplexed on PUSCH with configured grant.
· Only HARQ-ACK can be multiplexed on PUSCH with configured grant.

· For HARQ-ACK, 
· For HARQ-ACK <= 2 bits, HARQ-ACK punctures PUSCH with configured grant.

· For HARQ-ACK > 2 bits, HARQ-ACK bundling to 2 bits can be considered.
Proposal 2: For data mapping type B for grant-free PUSCH 
· For periodicity P <= 1 slot, repetitions across back-to-back mini-slots within one slot is supported

· For periodicity P > 1 slot, one repetition within one slot is allowed

Proposal 3: Further discuss on handling the case of HARQ process collision between dynamic grant and configured grant.

Proposal 4: For the case that K repetitions of configured grant transmission collide with direction indicated by semi-static SFI or dynamic SFI

· UE skips the repetitions on the DL resources indicated by semi-static SFI.
· UE skips the repetitions on the DL or flexible resources indicated by dynamic SFI.
References

[1] RAN1 Chairman’s note, RAN1 AH 1801
[2] RAN1 Chairman’s note, RAN1#92
[image: image3.png]



[image: image4.png]Receiving UL grant
(indicating HPID=i)

Transmission occasion of
configured grant
HPID configured grant is To transmit scheduled

UE

the same as HPID=i PUSCH with HPID=i
A
Slot n Slot n+t1 Slot n+x

>



[image: image5.png]Received UL grant To transmit scheduled Transmission occasion of configured grant
(indicating HPID=i) PUSCH with HPID=i HPID configured grant is the same as HPID=i

A

UE ; ;
Slot n Slot n+x Slot n+tl




