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Introduction
In last RAN1 meeting, the following agreements on NR-PDCCH and NR-PDSCH transmission for URLLC were made [1]:
Agreements:
· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data
· Further study TTI duration and achievable latency based on at least one retransmission
· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability
Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Ultra reliable and low latency communication (URLLC) is identified as one of the usage scenarios in NR study item. In this contribution, which is re-submission of R1-1717521, We discuss how to achieve reliability requirement of 99.999% within user plane latency of 1ms, as well as some detail schemes for the PDCCH and PDSCH transmission. 
Analysis on reliability of URLLC for the DL transmission
In RAN1#87 meeting, it has been agreed that asynchronous and adaptive HARQ is supported on DL to meet URLLC requirements. According to our contribution [2], the probability of successful transmission after K transmissions for one HARQ process case can be given by:
, where 
Where  is the probability that the jth transmission is successfully received by UE.

It has been pointed out that the legacy 99% reliability of PDCCH is not able to meet URLLC requirement of 99.999% and should be improved for a DL HARQ process of maximum 2 transmissions in [2]. The overall reliability target of 99.999% can be achieved by any of following combinations of channel reliabilities:
· When =99.9%, =99.9%, the possible reliability combination is：
· =99.9%, ==99.9%；
· When =99.99%,  =99%, the possible reliability combination is：
· =99.9%, ==99.9%;
· =99.99%, =99% and =99.99%;
For a DL HARQ process of maximum 3 transmissions, the overall reliability target of 99.999% can be achieved by any of following combinations of channel reliabilities: 
· When =99%, =99.99%, the possible reliability combination is：
· =99.99%===99%;
· When =99.9%, =99.9%, the possible reliability combination is：
· =99.9%, ===99.9%;
· =99.99%, ===99%;
· =99.999%, =90%, =99%, and =99.9%;
· When =99.99%, =99%, the possible reliability combination is：
· =99.9%, ===99.9%;
· =99.99%, ===99%;
· =99.999%, =90%, =99%, and =99.9%;
According to these possible combinations for a DL HARQ process of maximum 2 or 3 transmissions, the following observation can be obtained:
Observation 1：To meet the requirement of the URLLC traffic, reliability requirement on  can be reduced at the cost of increasing reliability requirement on .
Observation 2：To meet the requirement of the URLLC traffic, reliability requirement on can be reduced at the cost of increasing reliability requirement on .
With HARQ retransmissions, the reliability for the initial transmission of PDSCH can be relaxed and the resource efficiency will be improved. For example, if the target BLER of the initial transmission of PDSCH transmission for the URLLC transmission is 10%, which is identical with that for the eMBB transmission, the transmission will only consume the resources allocated for the initial transmission with 90% probability. According to our companion contribution [3],  can reach to about 99.99% when =99%, and about 99.999% for =99.9%, to achieve high resource efficiency for the PDSCH transmission, then the following combinations of channel reliabilities is proposed for the DL HARQ process of maximum 2 or 3transmissions:
· Maximum 2 transmissions: =99.99%,  =99%; =99.99%, =99% and =99.99%;
· Maximum 3 transmissions: =99.9%, =99.9%;=99.999%, =90%, =99%, and =99.9%;
Proposal 1: To achieve better resource efficiency for the URLLC services, the initial transmission of PDSCH with low reliability should be able to be used for the URLLC traffic.

The transmission scheme for DL URLLC
HARQ-retransmission scheme used for URLLC in DL is shown as Figure 1 with n+2 TTI process timing assumed. The number of HARQ retransmission within latency requirement of URLLC is restricted by TTI length and process timing. For those UE not capable of self-contain process, the process timing will impact the overall delay.
[image: ]
Figure 1 HARQ retransmission scheme
HARQ retransmission scheme will be continuously applied for URLLC, at least in case UE and gNB can complete the needed transmissions. However, NR should also consider the case like UE have long processing time, long TTI/slot, worse SNR, etc. Time domain repetition is a common solution for reliability improvement. It can be also used for achievement on target of low latency if HARQ-retransmission can’t reach the target due to above reasons. As shown in Figure 2, PDSCH repetition is after the end of its scheduled PDCCH repetition for eMTC/NB-IoT. This legacy repetition scheme does not address latency issue. 
[image: ]
Figure 2 Legacy repetition scheme
In order to transmit successfully as soon as possible, as shown in Figure 3, repetition for PDCCH and repetition for PDSCH can be started at the same TTI to meet the higher latency target of URLLC. When ACK is received by gNB, both PDCCH repetition and PDSCH repetition are terminated. When NACK is received by gNB, PDCCH repetition is terminated and PDSCH repetition is continued until ACK is received by gNB. The repetition can't exceed 1ms boundary.
[image: ]
Figure 3 Optimized repetition scheme
Proposal 2: Repetition mode could be applied with specific considerations of URLLC features and requirements.
CQI feedback enhancement
The PDSCH BLER for eMBB is generally targeted at 10%, since it don’t have hard limit on delay boundary. As it shown in the reliability analysis for URLLC, different target BLERs can be applied to PDSCH for each transmission. The details for URLLC PDSCH will be much different to that for eMBB. Those include CQI and link adaptation.



For periodic CQI feedback, the CQI report for different target BLERs can be configured with same or different periods to feed back. As shown in Figure 1, same period is applied to CQI report for different target BLERs in case 2 or 3. Same  can be used and different  for lower target BLERs can be calculated based on   for normal target BLER.


Figure 1 CQI report for different target BLERs
For aperiodic CQI feedback, there are some different schemes. From eNB's view, the CQI request can be triggered with indication of one of multiple target BLERs. From UE's view, if CQI request is only triggered without detail target BLER, then UE would feed back CQI report and corresponding target BLER simultaneously. For further consideration, aperiodic CQI feedback can be used for lower target BLER scenario while periodic CQI feedback is used for normal target BLER as eMBB.
Alternatively, multi-level NACK could be used instead of aperiodic CQI report for lower target BLERs.  Although multi-level NACK could only represent rough CQI, this scheme has no additional delay as retransmission using CQI for lower target BLER than initial transmission. Thus, multi-level NACK could be also considered to support efficient asynchronous HARQ operation for URLLC service.
Proposal 3: CQI report for different target BLERs should be supported for URLLC transmission. 
Conclusion
This contribution concludes with following observations and proposals.
Observation 1：To meet the requirement of the URLLC traffic, reliability requirement on  can be reduced at the cost of increasing reliability requirement on .
Observation 2：To meet the requirement of the URLLC traffic, reliability requirement on can be reduced at the cost of increasing reliability requirement on .
Proposal 1: To achieve better resource efficiency for the URLLC services, the initial transmission of PDSCH with low reliability should be able to be used for the URLLC traffic.
Proposal 2: Repetition mode could be applied with specific considerations of URLLC features and requirements.
Proposal 3: CQI report for different target BLERs should be supported for URLLC transmission. 
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