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1 Introduction
In RAN1 #86bis, the following agreements about ULRRC transmission were reached.
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

This contribution gives our considerations on the multiple design aspects for NR URLLC.
2 Scheduling of UL/DL for URLLC
The application scenarios for URLLC are mainly for industrial control, surgery etc. The traffic model for URLLC may include the periodic and Poisson arrival models, which were already agreed in [1] for URLLC evaluation. 
The scheduling for these two types of traffic models may be different. For the periodic traffic with fixed packet size, semi-persistent scheduling may be enough. For the traffic with aperiodic property modelled by Poisson arrival, dynamic scheduling may be more appropriate. SR-then-UL-grant PUSCH transmission mechanism may result in large latency. In that scheme, periodicity of SR will cause extra latency. Therefore, UL grant-free transmission for URLLC was considered. The grant-free transmission can act as SR and replace it in the HARQ operation. After first grant-free transmission, gNB can aware the UE data arrive and start a UL grant-based transmission or retransmission.
Proposal 1: If UL grant-free transmission is supported, a grant-free transmission should be used as a SR. It should be supported for dynamic switching among grant-free transmission and grant-based transmission in HARQ operation for URLLC UL.
In order to reduce the detection complexity, single layer transmission should be supported for URLLC. To improve the reliability, transmit diversity can be enabled. In case channel state is acquired, single-layer precoding/beamforming can be turned on. To obtain the channel estimation for demodulation of control and data as soon as possible, the DM RS should be placed in front of the subframe/slot used for transmission. Considering the number of symbol is very limited in URLLC slot/mini-slot, shared DM RS for DL data and control should also be supported to reduce overhead. 

Observation 1:

· Transmit diversity or single-layer precoding/beamforming should be supported for URLLC.
· Shared DMRS for data and control should be supported for URLLC.
3 Feedback design for URLLC
In order to alleviate the ultra reliable requirement with reasonable efficiency, HARQ is needed for URLLC. Otherwise, the operating SNR will be too high and limit the usage of URLLC services as shown in [2]. Even with HARQ operation, the target BLER for 1st transmission should be lower than that of eMBB. It is observed [2] that the target BLER for 1st transmission should not be higher than 0.1% for one HARQ retransmission. It goes to 1% for at most 3 HARQ retransmissions. Overall, the HARQ-ACK on PUCCH will be large percentage, i.e., 99% ACK and only 1% NACK. The latency of URLLC may be affected by the 1% NACK. 
Proposal 2: NR URLLC data should be design for 1%~0.1% BLER.
The probability of latency exceed 1ms caused by NACK->ACK is about (PA.PB), where PA is the target BLER for 1st transmission and PB is P(NACK->ACK). Control channel should ensure that (PA.PB)<<1e-5. Otherwise, it will not meet the reliability requirement. Assuming the 1% BLER for data, the BLER for HARQ-ACK should be smaller than 0.1%. Thus, the URLLC PUCCH design should target on that BLER range. 
Proposal 3: NR URLLC PUCCH design should target on 0.1%~0.01% BLER range.
On the other hand, the latency will be directly affected if the transmission is failed. In some cases, receiver has the ability to decide a failed decoding before the whole transport block is decoded. An earlier NACK can be transmitted and it could be earlier than the expected ACK. As for the URLLC HARQ timing design, the timing to transmit ACK and NACK can be different. Faster NACK and normal ACK transmit timing may improve the latency of URLLC service. 
Observation-2:

· Faster NACK and normal ACK transmit timing may improve the latency of URLLC service.
4 Multiplexing with eMBB

As discussed in section 2, the scheduling scheme for URLLC may depend on the traffic characteristic of URLLC. For periodic traffic, SPS can be used. In this case, predefined resources are configured for URLLC transmission. And if the traffic of URLLC is spare, SPS may lead to resource inefficiency. Therefore, dynamic resource sharing between eMBB and URLLC is more efficient way. Puncturing eMBB for URLLC transmission is one of the alternatives. More details about multiplexing of eMBB and URLLC can be found in companion contribution [3][4]. Under the scheme, the URLLC should not be mapped to the REs carrying synchronization signal/broadcast channel/system information. In order not to affect the performance of eMBB severely, the URLLC should avoid the REs carrying certain ports of DMRS. E.g. URLLC transmission will not map in the potential REs of DMRS.
Observation-3:

· Puncturing of eMBB resource should be considered for multiplexing of eMBB and URLLC at least for eMBB DL transmission.

· Puncturing should be avoided for synchronization signal, broadcast channel, system information and RS.

5 Conclusion

This contribution gives our considerations on the design aspects for NR URLLC and has several observations. Base on the consideration of URLLC, it may lead to additional different designs to eMBB. We propose to consider following proposals in the URLLC design:
Proposal 1: If UL grant-free transmission is supported, a grant-free transmission should be used as a SR. It should be supported for dynamic switching among grant-free transmission and grant-based transmission in HARQ operation for URLLC UL.
Proposal 2: NR URLLC data should be design for 1%~0.1% BLER.

Proposal 3: NR URLLC PUCCH design should target on 0.1%~0.01% BLER range.
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