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1. Introduction 

In RAN1 AH 1801 and RAN1 #92 meeting, regarding grant-free 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.

RAN1 #92bis

Agreements:

· For Rel.15 Dec. drop, for both Type 1 and Type 2 PUSCH transmissions with a configured grant, when a UE is configured with data mapping Type B and K> 1, the same symbol allocation is applied across the K consecutive slots. 




In this contribution, we provide our views on the remaining issues on UL data transmission for URLLC for June drop release, including UCI multiplexing on grant-free PUSCH, mini-slot repetitions within a slot, and intra-UE multiplexing of eMBB and URLLC data transmission.
2. Discussion
2.1. 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. 

To limit the specification impact, K repetitions within a slot for type B grant-free PUSCH are allowed when all repetitions are accommodated within one slot. For example, when periodicity P is not great than 1 slot, repetitions across multiple mini-slots within one slot can be configured, while P is larger than 1 slot, one repetition within one slot would be used.
Proposal 1: For Rel.15 June. drop, for both Type 1 and Type 2 PUSCH transmissions with a configured grant, support repetitions within one slot for data mapping Type B. 
2.2. Intra-UE multiplexing between eMBB UL and URLLC UL

2.2.1. UL multiplexing between grant-based eMBB UL and grant-based URLLC UL
A URLLC UL transmission may be scheduled after UL grant for eMBB UL is received. After eMBB UL is scheduled, UE is scheduled with a URLLC UL by a later UL grant that is transmitted after the UL grant for eMBB. The URLLC UL is scheduled to be transmission on the time/frequency resources that are already allocated to eMBB transmission. 

Such collision of eMBB and URLLC transmissions needs to be handled due that URLLC traffic should satisfy latency and reliability requirements. In this case, it is assumed that URLLC and eMBB UL can be differentiated by PHY such as RNTI or DCI format. Therefore, UE prioritizes URLLC UL transmission by following the later received UL grant to proceed the URLLC UL transmission and cancels eMBB UL transmission.
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Figure 1: Example of intra-UE UL multiplexing between scheduling-based eMBB UL and scheduling-based URLLC UL
Proposal 2: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB UL data transmission and scheduling-based URLLC UL data transmission, 

· UE follows the later received UL grant to proceed the URLLC UL transmission and cancels eMBB UL transmission.

2.2.2. UL multiplexing between grant-based eMBB UL and grant-free URLLC UL

In this case, an eMBB UL transmission scheduled by UL grant overlaps in time with a grant-free resource on which UE intend to transmit URLLC UL. 
An examples is shown in the figure. Grant-free resources are configured for URLLC transmission to satisfy the latency and reliability requirements. After eMBB UL is scheduled, a URLLC packet arrives. In this case, the UE behavior for handling the collision of dynamic grant scheduling and grant-free transmission should be defined. 


[image: image2]
Figure 2: Example of intra-UE UL multiplexing between scheduling-based eMBB UL and grant-free URLLC UL
Note that RAN2 had following agreement 

=>  The dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain.

According to the agreements, UE has to either transmit the URLLC UL on the scheduled resources for eMBB UL or postpone the URLLC UL to the next grant-free transmission occasion. If URLLC UL is transmitted on the scheduled resources for eMBB UL, it may result in lower reliability for URLLC transmission since the scheduled eMBB UL resource may not be suitable for URLLC UL. If URLLC UL is postponed to the next grant-free transmission occasion, larger latency for URLLC transmission will be caused. Therefore, mechanism to ensure the URLLC transmission performance should be provided. 

· In case of overlapping between dynamic scheduling eMBB transmission and grant-free URLLC transmission, following options can be considered

· Alt 1: UE transmits URLLC transmission over dynamic scheduled UL resource
· The dynamic scheduled UL resource should be applicable for URLLC UL transmission.
· Alt 2: UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource
· The grant-free resource for URLLC UL transmission has higher priority than the dynamic scheduled UL resource for eMBB UL transmission
For Alt. 2, UE may need to determine the resources for URLLC UL transmission depending on the service type. For example, the decision can be made based on the logical channel priority (LCP) in MAC layer. An example of association between LCP in MAC layer and dynamic/configured grant in PHY layer is presented in Figure 4. In the figure, LCP 1 is used for URLLC data with mini-slot based transmission where the transmission duration is 4 symbol, while LCP 2 is used for eMBB data with slot-based transmission. A PUSCH for configured grant with 4-symbol duration is overlapped with a PUSCH for dynamic grant with 1 slot duration. 

UE needs to determine which LCP is associated with the configured grant and dynamic grant. In this case, configured grant is associated with LCP 1 while LCP 2 cannot be applied for configured grant. For dynamic grant, only LCP2 is associated. If there are URLLC data in LCP 1, the data in LCP 1 should be prioritized and thus be transmitted on the PUSCH for configured grant to meet the latency requirement. Therefore, in this case, configured grant associated with higher logical channel priority should be prioritized for URLLC data transmission.
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Figure 3: Example of association between LCPs in MAC and dynamic/configured grant in PHY
Proposal 3: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB UL transmission and grant-free URLLC UL transmission, 

· UE transmits the URLLC UL over grant-free resource and cancels eMBB UL transmission over dynamic scheduled UL resource.

2.3. UCI multiplexing on grant-free PUSCH 
UCI transmission, e.g. HARQ-ACK for DL data and CSI report may overlap with a grant-free PUSCH transmission in time domain. When grant-free transmission is used for URLLC service, latency and reliability requirements need to be satisfied. In this case, performance of data transmission on grant-free resource should be guaranteed when UCI is multiplexed on grant-free PUSCH. It is important to define priority rules and multiplexing rules for UCI multiplexing on grant-free PUSCH. For HARQ-ACK, it should be prioritized over other types of UCI when multiplexing on grant-free PUSCH. For CSI reports, the priority should be lower since CSI reports may require a number of resources on grant-free PUSCH. To ensure the data transmission on grant-free PUSCH, CSI reports can be dropped. 

On the other hand, the amount of UCI bits multiplexed on grant-free PUSCH 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. As limited UCI bits are allowed to be multiplexed, UCI puncturing grant-free 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 grant-free PUSCH by puncturing the PUSCH. 

In case of UCI multiplexing on grant-free PUSCH 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 4: 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.
3. Conclusion

In this contribution, we discussed design and related procedure for UL transmission for URLLC. The proposals are summarized below.
Proposal 1: For Rel.15 June. drop, for both Type 1 and Type 2 PUSCH transmissions with a configured grant, support repetitions within one slot for data mapping Type B. 
Proposal 2: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB UL data transmission and scheduling-based URLLC UL data transmission, 

· UE follows the later received UL grant to proceed the URLLC UL transmission and cancels eMBB UL transmission.

Proposal 3: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB UL transmission and grant-free URLLC UL transmission, 

· UE transmits the URLLC UL over grant-free resource and cancels eMBB UL transmission over dynamic scheduled UL resource.

Proposal 4: 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.
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