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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
[bookmark: _GoBack]This contribution relates to URLLC specific aspects of DL control channel design. We discuss how to achieve the required reliability, and whether any specific design or enhancement is needed for URLLC from low latency perspective.
2	Discussion
2.1. 	Reliability
Reliable control channel is one of the most important standardization aspects for URLLC. If DL control channel is not reliable enough, it will be the bottleneck for the overall reliability for the corresponding URLLC service. When PDCCH is not detected correctly at the UE (PDCCH missed detection), it will have negative impact to the latency part as well. Hence, at least in certain URLLC scenarios BLER operation point for PDCCH must be at the level of 10-5.

DL control channel performance in URLLC operation point: 
Results shown in [6], indicate that performance difference beteen BLER operation point of 10-2 (assumed for eMBB) and 10-5 (assumed for URLLC) is roughly 5 dB. Obviously NR should have proper means to compensate this degradation in order to support comparable coverage for both eMBB PDCCH and URLLC PDCCH. There are a number of known solutions available to minimize the missed detection probability related to one shot PDCCH transmission:
· Maximize the degree of frequency diversity 
· Maximize the degree of antenna diversity (Tx/Rx)
· Maximize the amount of resources (CCEs, power) that can be allocated to PDCCH
· Minimize the PDCCH payload. 

In addition to PDCCH improvements, semi-persistent scheduling can be used to increase the reliability of the scheduling operation.
A well-known fact is that diversity plays an important role when operating at low BLER operation points (such as 10-5). Sufficient amount of frequency diversity can be achieved by distributing the REGs and/or CCEs in the frequency domain. It has been agreed already that NR PDCCH supports interleaved REG to CCE mapping within a CORESET. 
Precoder cycling in frequency is a way to realize one-port transmit diversity for NR-PDCCH. Multiple antennas/beams are virtualized into one antenna port at the gNB and the operation is almost transparent to the UE. The specification defines only the granularity where precoder is unchanged. Results shown in [7] indicate that in the cell edge conditions (high CCE aggregation level), precoding granularity of 6 REGs in frequency outperforms precoding granularity of 2 or 3 REGs. Based on those results, it makes sense to define that precoding granularity is always 6 REGs in frequency.
It has been agreed in NR Ad hoc#1 that “Each candidate of NR DL control channel search space is composed by K NR-CCE(s). E.g. K can be 1, 2, 4, or 8, etc”. There is a need to consider also CCE aggregation levels > 8 (such as 16 or 32) in order to improve DL control channel performance at the cell edge conditions. In addition to high aggregation levels, it is always possible for gNB to have power boost for certain PDCCH. Another direction for increasing the coverage/reliability is to design a compact DCI for URLLC scnarios. 
Observation 1: Multiple solutions are needed to support comparable coverage for eMBB PDCCH and URLLC PDCCH:
· Maximize the degree of frequency diversity 
· Maximize the degree of antenna diversity (Tx/Rx)
· Maximize the amount of resources (CCEs, power) that can be allocated to PDCCH
· Minimize the PDCCH payload. 
  
In addition to missed detection, the impact of false positive detection of PDCCH should be considered as part of the URLLC design. Generally speaking, the error case due to false positive can be seen as less severe compared to that of PDCCH missed detection. Increasing the length of CRC (from 16 bits used in LTE) can be seen as the baseline solution to reduce false positive probability. However, the problem of this approach is that it increases the DCI overhead in DL. Hence, it will have negative impact to PDCCH coverage and capacity. 

2.2. 	Low latency
From low latency point of view, the essential function that is needed in DL control channel is that the UE should be able to monitor the DL control channel frequently enough in order to reduce the latency.
This related to the DL control channel associated with mini-slot. For mini-slot, the following has already been agreed in RAN1#87 and RAN1 Jan 2017 ad hoc:
· NR-PDCCH monitoring at least for single-stage DCI design,
· NR supports the following minimum granularity of the DCI monitoring occasion: 
· For slots: once per slot
· When mini-slots are used: FFS if every symbol or every second symbol
· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)
· Note: slot/mini-slot alignment is not assumed here 
· Note: This may not apply in all cases

· Take the following into account for designing slot-level channels/signals/procedures:
· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
· At least one of DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel
· At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling
· At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback
· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:
· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling
· UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback
· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot
· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot
· FFS: exact timelines
· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)

This basically means that:
· The DCI monitoring occasion can be as frequent as every symbol or every other symbol for mini-slot.
· The design of DL control channel for a mini-slot would follow that for a slot.
These should be sufficient to achieve the low latency in URLLC from DL control channel point of view for both DL and UL. RAN1 can continue with the design of DL control channel for slot-based (and mini-slot-based) scheduling, and no additional steps seem necessary. Note that the DL control channel for mini-slot-based scheduling, does not necessarily need all the functions available for the DL control channel in a slot, and it may just use a subset of the functions.
Observation 2: The existing agreements on DL control channel are sufficient to achieve the low latency requirements for URLLC. (Note that this does not consider the impact of reliability on latency.)

3	Conclusions
In this contribution we have discussed the URLLC aspects related to DL control channel. Based on the discussion we make the following observations:
Observation 1: Multiple solutions are needed to support comparable coverage for both eMBB PDCCH and URLLC PDCCH. These include:
· Maximize the degree of frequency diversity 
· Maximize the degree of antenna diversity (Tx/Rx)
· Maximize the amount of resources (CCEs, power) that can be allocated to PDCCH
· Minimize the PDCCH payload. 

Observation 2: The existing agreements on DL control channel are sufficient to achieve the low latency requirements for URLLC. (Note that this does not consider the impact of reliability on latency.)
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