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Discussion and decision
1 Introduction

For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). Regarding URLLC, the following are main design targets.
· 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.

There have been many efforts to sufficiently satisfy the above target requirements of latency and reliability so far in RAN1 meetings. From mini-slot related agreements from RAN1 NR#1, low latency aspects for URLLC could be supported by mini-slots, and also it was made that DL control channel format/structure/configuration for mini-slot level data scheduling may have those of slot level data scheduling.
In addition, high reliability aspects for URLLC were discussed by considering blocking probability and reliability requirements in DL control channel design aspects. The following agreements were made in RAN1#NR-1.

	Agreements:
· Blocking probability of DL control channel should be taken into account in NR-PDCCH design

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 


This contribution considers how to design DL control channel for URLLC by considering several design aspects such as monitoring, resource mapping, slot aggregation and control/data multiplexing to satisfy low latency requirements of URLLC based on the above agreements. Especially, NR-PDCCH for mini-slot level is mainly discussed in this contribution because mini-slot operation takes into account URLLC as one of use-cases/targets. Also, some points such as aggregation level and DCI format are discussed to improve reliability for URLLC. This is a resubmission of R1-1717646.
2 Discussions 
1.1  Aggregation level for URLLC
Appropriate NR-CCE aggregation levels to achieve low BLERs need to be considered in conjunction with the DCI format size (the DCI format size may be less that the 30 bits) and after determining the channel that results to coverage limitation (e.g. PDSCH/PUSCH can have similar target BLER as PDCCH while conveying larger payload sizes making them the coverage limiting channels). The above can result to smaller requirements for the NR-CCE aggregation levels. Nevertheless, for robust operation in achieving low BLER targets, the NR PDCCH design should support NR-CCE aggregation levels larger than 8 NR-CCEs. In general, a gNB can configure a UE the NR-CCE aggregation levels and the number of PDCCH candidates per aggregation level for the UE to monitor. Therefore, the maximum supportable number of NR-CCE aggregation levels should be decided based on URLLC reliability requirements. Also, in the environment where UE have different reliability requirements for PDCCH, the maximum number of NR-CCE aggregation levels also can be different between UEs and then this value can be configured by a higher-layer signalling or UE-group common PDCCH. 
Proposal 1: The maximum supportable number of NR-CCE aggregation levels should be decided based on URLLC reliability requirements. 
1.2  Compact DCI for URLLC
In our companion contribution [1], it was suggested that potential DCI contents according to each feasible features as follows. 

(1) MIMO: Tx scheme switching indication, subband TPMI and PRG size for multi antenna schemes; beam recovery request for beam management; SRS resource indication, aperiodic IMR indication for CSI acquisition
(2) Scheduling: data starting position/duration for physical downlink control channel; PUCCH resource configuration for physical uplink control channel; reserved resource indication, bandwidth part operation and CBG related configuration for DL/UL data scheduling 
 (3) HARQ: CBG related configuration for HARQ combining; HARQ timing indication for HARQ timing; Pre-emption indication for eMBB/URLLC multiplexing
(4) Others: bandwidth adaptation trigger/timing indication for wider bandwidth operations
As for URLLC, some fields of DCI can be removed. One example is CBG related information as the size of URLLC packet generally is too small and then the number of code blocks in a TB would be generally one or two. Therefore, DCI for URLLC does not need to CBG related information for both DL/UL data scheduling and HARQ combining at least due to very small performance gain which could be expected. The second example is data starting position. As URLLC requires very low latency, there is no need to configure data starting position. Instead, the minimum starting position for DL data or UL data should be supported as default value for URLLC UE. The third example is preemption indication which would be natural way to be only not used for other URLLC UE, but for eMBB UE. The last example is reserved resource indication. Even though NR should support forward compatibility for future service, gNB can have a sufficient flexibility to schedule URLLC data resource by avoiding reserved resource without using forward compatibility. That is, it seems to be sufficient to operate gNB implementation. 
Also, others field of DCI for URLLC UEs can be made smaller size or combined by joint coding than normal DCI used for eMBB UEs. DL/UL resource allocation, PRG size and HARQ timing operation can be possible examples for this purpose even though each indication has to have less flexibility and/or larger granularity. This field should be carefully designed by considering trade-off between making flexibility and reducing field size to represent. 
Proposal 2: Compact DCI should be carefully designed by considering trade-off between flexibility and DCI size. 
1.3 NR-PDCCH monitoring

For URLLC, if NR-PDCCH monitoring occasion can be configured for any symbol, it is desirable for a UE to minimize unnecessary NR-PDCCH monitoring in each occasion as much as possible while satisfying the latency requirements. For example, NR-PDCCH decoding candidates for DL assignment and/or UL grant of URLLC can be limited (e.g. the UE can be configured to monitor only one NR-PDCCH with a fixed aggregation level) so that latency and/or UE power consumption for NR-PDCCH monitoring can be minimized. Note that the blocking probability among UEs can be controlled by gNB to configure different control resource set (or search space) for among UEs to some extent. In this case, LTE PDCCH candidate reduction/adjustment schemes introduced for eCA/eLAA can be a baseline.

Additional approach to minimize NR-PDCCH decoding can be considered when a mini-slot aggregation is also supported for URLLC. For example, if the UE is scheduled to receive one or multiple NR-PDSCHs for N consecutive mini-slots, the UE may be configured to skip NR-PDCCH monitoring for DL and/or UL grant at least during the scheduled mini-slots. Note that skipping NR-PDCCH monitoring should be carefully considered because it may cause the additional delay for receiving or transmitting another NR-PDSCH for URLLC.

Proposal 3: Support to minimize NR-PDCCH monitoring trials of a UE to minimize latency and/or UE power consumption.
1.4 Repetition issues
Many techniques have been introduced in DL control channel to improve reliability for URLLC. However, detailed requirements and assumptions were not defined yet to prove DL control channel reliability. Before it has new features in DL control channel to improve reliability, several things are defined previously as follows: which is the coverage limiting channel, what target SINRs need to be considered for proving the reference value of reliability, how large DCI size is, how latency budget meets requirements. 
For example, PDCCH repetitions may be one of approaches to improve reliability requirements. However, URLLC latency requirements should be jointly considered to have PDCCH repetitions. Furthermore, PDCCH repetitions itself can be served by higher CCE aggregation level. Accordingly, it should be justified why PDCCH repetitions needs in comparison with higher CCE aggregation level. PDCCH repetitions incur UEs high decoding complexity because UEs would be forced to do blind decoding as well as blind combining even though smaller number of PDCCH candidates would be configured to make lower burden to the UEs. 
Proposal 4: It is sufficient to support higher CCE aggregation level rather than PDCCH repetitions in terms of reliability improvement.
3 Conclusions
This contribution considered design aspects for PDCCH transmissions in order to meet URLLC requirements. 
Proposal 1: The maximum supportable number of NR-CCE aggregation levels should be decided based on URLLC reliability requirements.
Proposal 2: Compact DCI should be carefully designed by considering trade-off between flexibility and DCI size.
Proposal 3: Support to minimize NR-PDCCH monitoring trials of a UE to minimize latency and/or UE power consumption.
Proposal 4: It is sufficient to support higher CCE aggregation level rather than PDCCH repetitions in terms of reliability improvement.
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