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1. Introduction
URLLC is one of the basic services supported by 5G New Radio (NR) access technology. Its requirements in both low latency and high reliability have been identified in TR 38.913 [1]:
· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
· Latency: For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.

For the URLLC UL transmission, the following conclusions have been made in 3GPP RAN1-NR#1 meeting [2]:
Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions

Further, for the HARQ feedback, the following has been agreed in 3GPP RAN1 #90 meeting [3]:
Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.
· Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI
· 2-1: Only ACK 
· 2-2: ACK and NACK
· Option 3: Define a Timer, UE assumes following, when the Timer expires
· 3-1: ACK if an NACK is not received after the K repetitions
· 3-2: NACK if an ACK is not received 
· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”

Several contributions discussed the data transmission and HARQ-ACK feedback for URLLC [4-13] in the last meeting. In this contribution, we provide our understanding about the URLLC data transmission and HARQ-ACK feedback design.
2. Discussion on URLLC data transmission and HARQ-ACK feedback
2.1 K-repetition PDSCH
To meet the requirement of URLLC, RAN1 has agreed to support the same transmission block (TB) with K repetitions for both grant-based transmission and grant-free transmission in the uplink. However, whether or not to support the repetition transmission also in downlink still has no consensus. 
In our understanding, NR shall also support K repetitions in the downlink, since repetition transmission can provide higher reliability and larger maximum coupling loss (MCL). And it also can achieve a short latency compared to the retransmission after receiving a HARQ-ACK feedback for each transmission. Therefore, K repetition for URLLC PDSCH should also be supported. 
Proposal 1: Similar to the K- repetition for URLLC PUSCH, K repetition for URLLC PDSCH should also be supported. 

2.2 HARQ feedback
As to the HARQ feedback design, there are mainly two methods currently being discussed. One is to send HARQ ACK or NACK feedback “during repetition” and the other is to send HARQ ACK or NACK feedback “after repetition”. For the method of “during repetition”, if CRC is detected as ACK after any transmission within the K repetition, ACK is fed back to the transmitter, and then transmitter will stop the subsequent transmission. In this case, the spared time/frequency resource could be allocated to other channels or UEs, so the resource usage efficiency could be improved. In contrast, the method of “after repetition” is simpler to implement since only one time of HARQ ACK or NACK feedback is necessary after K repetition transmission. 
2.2.1 HARQ ACK/NACK feedback during repetition
The main advantage of the method of “during repetition” is the potential improvement in resource usage efficiency. For example, the maximum number of repetition is assumed as K and the actual transmitted repetition is assumed as N, then the resource for K-N transmissions can be saved. However, as can be envisioned, it is in fact the opportunistic resource saving. Only when N is much smaller than K, the saved resource is remarkable. Actually, the gNB can set the value of K to be close to the actual transmission times based on the link adaptation scheduling. In this case, the saved resource is marginal. 
In addition, in order to support the HARQ ACK/NACK feedback for each repetition, several ACK/NACK resources are needed to be reserved. K-repetitions of data transmission mean K ACK/NACK resource reservation, which results in more consumption of ACK/NACK resource. 
Furthermore, this method will lead certain scheduling limitation on the mini-slot. Take the data repetition in DL as an example. To support the UL ACK/NACK feedback related to each DL repetition, it is also necessary to allocate additional OFDM symbols for DL/UL switch and UL ACK/NACK transmission for each mini-slot. So there must be some gap between each repetition. In other words, K repetitions cannot be transmitted continuously because of DL/UL switch symbols and UL ACK/NACK symbols.
Additionally, with this method, it is also possible that the DTX is mistakenly detected as ACK for the HARQ ACK/NACK feedback of each repetition. 
From the above, we can see that it is not efficient to send HARQ ACK/NACK feedback for each repetition during the K-repetition transmission. 
Observation: It is not efficient to send HARQ ACK/NACK feedback for each repetition during K-repetition transmission.

2.2.2 HARQ ACK/NACK feedback after repetition
As for the method of “after repetition”, the gNB could indicate the repetition times dynamically or semi-statically i.e., K in each shot. And after each shot the receiver sends one HARQ ACK/NACK feedback. If NACK is received, a new shot will be triggered. 
Figure 1 gives an example for the one-shot transmission scheme. 


Figure 1. One ACK/NACK feedback related to one K-repetitions transmission.
For this method, since no ACK/NACK feedback is needed during K repetitions, it avoids the ACK/NACK resource wastage. Correspondingly, it is not necessary to configure OFDM symbols for DL/UL switch or UL ACK/NACK feedback for each repetition. Thus, K repetitions can be transmitted continuously in time domain. 
Also, by changing the value of K, it could support flexible scheduling to accommodate the URLLC UE’s capability in processing time. As shown in figure 1, different value of K could be configured for the initial shot and the retransmitted shot, and also different value of K could be configured to different UE according to the channel state information.
One shortcoming of this method is resource wastage if the data is correctly received before the Kth repetition. It was noted in above section, the gNB can set the value of K to be close to the actual transmission times based on the link adaptation scheduling. Thus, this problem will be not serious.
To summarize above analysis, we have the following proposals: 
Proposal 2: Only one HARQ ACK/NACK feedback after K-repetition should be supported. 
Proposal 3: The number of repetition times, i.e., K, could be dynamically or semi-statically configured.

3. Conclusion
In this contribution, the data transmission for URLLC is firstly discussed and following proposal is achieved: 
Proposal 1: Similar to the K- repetition for URLLC PUSCH, K repetition for URLLC PDSCH should also be supported. 
Then we discuss the HARQ ACK/NACK feedback during repetition, and have the following observation: 
Observation: It is not efficient to send HARQ ACK/NACK feedback for each repetition during K-repetition transmission.
Finally, the following proposals are given: 
Proposal 2: Only one HARQ ACK/NACK feedback after K-repetition should be supported.. 
Proposal 3: The number of repetition times, i.e., K, could be dynamically or semi-statically configured.
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