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1 Introduction

Multiplexing of URLLC and eMBB was discussed in RAN1#86 and the following were agreed

Agreements:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC
· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded

The discussions so far mostly focused on the DL. This contribution considers multiplexing of eMBB and URLLC in the UL. 

2 Multiplexing URLLC and eMBB Transmission on the UL 
To meet the user place latency KPI for URLLC [1], transmissions need to occur without the additional delay associated with SR transmission from a UE and subsequent scheduling by the gNB. This implies grant-free transmission as it was agreed in RAN1#86. 

An additional implication is that there is no time for a UE to perform random access in order for the gNB to issue a TA command to compensate for the RTT. Inclusion of a RA preamble in a URLLC transmission is also meaningless as, due to the short time duration, the RA preamble will have very limited coverage (cell size is likely to be already small enough for the RTT to be captured within a ‘small’ CP) and represent substantial overhead. Therefore, a numerology should support transmissions both with a ‘small’ CP and with a ‘large’ CP and the numerology a UE uses for URLLC transmissions should be configured by the gNB.
Proposal 1: A UE is explicitly configured the CP length for UL URLLC transmissions. 

UL-grant free transmissions imply that a UE selects resources for transmission. Unlike mMTC where only 1 or few RBs are used and potential transmission occasions can even be preconfigured, for URLLC the transmission BW will be large to allow for a low code rate to achieve the performance KPI as the transmission duration needs to be short. In practice, even if a UE is configured candidate RBs for URLLC transmissions, it is challenging and inefficient to reserve non-overlapping RBs for every respective UE that have a URLLC transmission. Moreover, NOMA is not practical for URLLC transmissions that can occur at any time from unknown UEs with respective reliability KPIs. Therefore, BW contention mechanisms with collision avoidance among URLLC transmissions are needed.

Proposal 2: Bandwidth contention with collision avoidance shall be considered for UL URLLC transmissions.
To minimize collisions among URLLC transmissions from UEs with eMBB transmissions from other UEs, a gNB can either semi-statically or dynamically configure to UEs a set of RBs for URLLC transmissions. A semi-static configuration can potentially result to BW loss when there are no URLLC transmissions occupying all reserved BW. Moreover, as the BW for each URLLC transmission will not be small, the reserved BW will need to be large. As UL BW occupancy at a given transmission slot is often much less that 100%, available BW for URLLC transmissions can also be indicated to URLLC UEs through UE-common control signaling per transmission slot. Additionally, as semi-static or dynamic reservation of RB sets can only be a facilitating factor and not a complete solution for improving reliability of URLLC receptions, UEs can perform a CCA-like procedure, similar to LTE LAA UEs, to determine a suitable set of RBs where interference to respective URLLC transmissions is low.   
Proposal 3: A gNB can semi-statically or dynamically configure sets of RBs for URLLC transmissions from UEs.

Proposal 4: A UE having a URLLC transmission performs channel sensing to determine respective set of RBs. 

A UE having a grant-free transmission needs to identify itself to the receiving gNB. Therefore, the UE needs to include its UE_ID in the transmission. As different UEs can have different link budgets and different amounts of data to transmit, the RBs used for the transmission and the data MCS need to also be indicated. To facilitate detection at the gNB, the transmission may not start from an arbitrary RB and the control information can be only predetermined number of RBs. Essentially, the gNB needs to implement a search space with predefined ‘aggregation levels’ at predetermined locations.
Proposal 5: For a grant-free URLLC transmission, a UE shall indicate its ID and associated RBs and data MCS.

Proposal 6: A grant-free URLLC transmission starts at predetermined RBs and the number of RBs for transmission of control information is from a set of predetermined values.

URLLC transmissions are associated with data TBs that are not very large and facilitate fast decoding. As the BLER for the initial transmission of a data TB needs to be small (e.g. 0.1% or 0.01%) in order to meet the reliability KPI, retransmissions will not materially contribute on average latency. Therefore, regardless of whether or not a retransmission is in the next transmission slot, the retransmission can be scheduled by PDCCH through a DCI format. This assumes that the gNB has correctly detected the UE_ID; otherwise, the UE can retransmit the initial transmission of the data TB in the transmission slot where the UE expects (but does not detect) the PDCCH scheduling a potential retransmission.
Proposal 7: Retransmissions for a URLLC data TB are scheduled by a gNB through a DCI format.

3 Conclusions

This contribution considered the support of grant-free UL URLLC transmissions and proposes the following. 
Proposal 1: A UE is explicitly configured the CP length for UL URLLC transmissions. 

Proposal 2: Bandwidth contention with collision avoidance shall be considered for UL URLLC transmissions.
Proposal 3: A gNB can semi-statically or dynamically configure sets of RBs for URLLC transmissions from UEs.

Proposal 4: A UE having a URLLC transmission performs channel sensing to determine respective set of RBs. 

Proposal 5: For a grant-free URLLC transmission, a UE shall indicate its ID and associated RBs and data MCS.

Proposal 6: A grant-free URLLC transmission starts at predetermined RBs and the number of RBs for transmission of control information is from a set of predetermined values.

Proposal 7: Retransmissions for a URLLC data TB are scheduled by a gNB through a DCI format.
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