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1. Introduction

The basis of URLLC transmission is a control channel structure with “ultra reliability and low latency”.

It was agreed in RAN1 NR AH meeting held in January of 2017 [1] that some enhancements to NR-PDCCH for URLLC will be considered:

· 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 
Meanwhile another type of dynamic signalling, i.e. indication for eMBB/URLLC multiplexing was also agreed in RAN1#88 [2], although the relationship between the URLLC PDCCH and the indication is not yet identified:

· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource

· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

And the current agreement on mini-slot (URLLC is one of the use cases of mini-slot) DL control channel is that it will be designed based on the slot-level DL control channel:
· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:

· …
· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling

In this contribution, we will discuss the downlink control channel design for URLLC targeting to meet the requirements of ultra reliability, low latency and indication of eMBB/URLLC multiplexing.
2. Requirements to NR-PDCCH design for URLLC
From our perspective, the NR-PDCCH for URLLC should be designed to meet the following requirements:

· Ultra reliability

Since the URLLC transmission is required to achieve the 99.999% reliability, the reliability of one-shot URLLC-PDCCH should not be lower than 99.999%. To obtain the ultra reliable transmission, the inevitable way is to transmit more redundency bits by sacrificing spectral efficiency. A straightforward approch is to support higher aggregation levels, e.g. 32. Fortunately, we can expect that the URLLC user capacity and service capacity could be much lower than eMBB. And a URLLC transmission may not require so flexible a link adaptation as for eMBB. Hence the payload of URLLC-DCI can be much smaller than eMBB-DCI. A so-called “compact DCI format” with smaller number of bits can be used for URLLC. Even though, a substantially larger overhead of URLLC-PDCCH than eMBB-PDCCH should be considered. 
· Low latency

In order to achieve the low-latency of URLLC services, the detection of URLLC-PDCCH should firstly be low-latency. A shorter TTI (i.e. using mini-slot structure) leads to a lower user-plane latency, whereas is not so helpful to lower control-plane latency. The key of reducing control-plane latency is to allow the immediate transmission of URLLC traffic, i.e. the URLLC data can be transmitted in any wanted symbol. Therefore, the time-domain continuity is much more important for URLLC-PDCCH than frequency-domain expansion. This design principle is completely different from that for eMBB-PDCCH, in which the duration of PDCCH should be minimized by taking frequency-domain extention for power saving at the UE side. 
· Minimize the effects to eMBB UEs
eMBB services are provided to common mobile phone users in general public. It is unreasonable to sacrifice MMB service experience, cost and battery life of NR eMBB users to enable URLLC service provision. Comparatively, URLLC users can accept a higher complexity, a higher cost and a larger power consumption in order to guarantee the low latency and high reliability. Hence, the URLLC functions should be introduced while minimizing effects to eMBB UEs. The eMBB-PDCCH should be optimized for operations of eMBB UEs, e.g. low complexity, power saving.
· Provide URLLC-multiplexing indication to eMBB UEs
The indication of time/frequency resource impacted by URLLC transmission can be placed in eMBB-PDCCH or URLLC-PDCCH. Placing the indication in eMBB-PDCCH can simplify the eMBB UEs’ operation. However, increasing the time-domain density of eMBB-PDCCH, e.g. arranging multiple PDCCHs in a slot duration will inevitably increase the UE complexity, processing burden and power consumption in detecting the PDCCHs. If eMBB-PDCCH transmission remains once per slot, the indication in eMBB-PDCCH will be only applicable in case the URLLC traffic arrives at the beginning of the slot. If the URLLC traffic arrives at symbols after the eMBB-PDCCH transmission in the slot, the indication has to be placed in the URLLC-PDCCH if pre-URLLC indication is required. Therefore, the URLLC-PDCCH should contain the indication which can be read by eMBB UEs as well as URLLC UEs.
· Separate optimization for URLLC-PDCCH and eMBB-PDCCH
As analyzed above, separate optimizations for URLLC-PDCCH and eMBB-PDCCH are preferred. At first, URLLC-PDCCH needs to be designed with a higher overhead than eMBB-PDCCH for an ultra reliablity. Secondly, to persue low latency, time-domain continuity is preferred for URLLC-PDCCH rather than frequency-domain extention. Finally, in order to minimize effects to eMBB UEs, design of eMBB control channels should also keep un-affected as much as possible. Completely-unified PDCCH design for eMBB and URLLC inevitably increase the eMBB UE complexity. 

Proposal 1: Allowing separate optimizations for URLLC-PDCCH and eMBB-PDCCH to meet the requirements of ultra reliability, low latency, multiplexing indication meanwhile minimizing effects to eMBB UEs. 

3. URLLC-PDCCH structure
Aiming at the three requirements above, the two types of URLLC-PDCCH structures are analysed in this section. The first requirement ---- reliablity requirement is not closely relevant to the PDCCH structure. The key to increase reliability is to compact the DCI payload and allowing higher overhead of PDCCH. This can always be achieved no matter what type of PDCCH structure is employed. The following requirements of ultra reliability, low latency, multiplexing indication
· URLLC-PDCCH structure 1: Structure similar to eMBB-PDCCH
In this structure, the URLLC-PDCCH is placed in the first symbols of a URLLC burst (e.g. mini-slot). However, this design brings challenges to realizing low latency and effeciet indication. If the URLLC burst can start from any symbol and can be allocated in any frequency resource, a URLLC UE needs to blindly detect the URLLC-PDCCH throughout the system bandwidth in every symbol. This definitely introduces a high detection complexity, and results in a large processing latency accordingly.
This structure also results in a complex detection for eMBB UEs. After an eMBB UE is scheduled a PDSCH resource, the eMBB UE also needs to blindly detect the URLLC-PDCCH in the scheduled resource to receive the indication. If the scheduled resource spans a wide bandwidth, the detection complexity is also very high.
The structure similar to eMBB-PDCCH is not suitable to URLLC-PDCCH because the two types of PDCCHs have different design targets. The time-domain continuity is much more important for URLLC-PDCCH than frequency-domain expansion because the URLLC requires PDCCH transmission in every symbol. This design principle is completely different from that for eMBB-PDCCH, in which the duration of PDCCH should be minimized by taking frequency-domain extention for power saving at the UE side.
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Fig.2: URLLC-PDCCH structure similar to eMBB-PDCCH
Observation 1: It is challenging to use an eMBB-like PDCCH structure to achieve a low-complexity, low-latency detection of URLLC-PDCCH and effecient URLLC-multiplexing indication to eMBB UEs. 

· URLLC-PDCCH structure 2: Structure optimized for URLLC
The second approach is to design a specific PDCCH structure optimized for URLLC. Since the URLLC-PDCCH needs to span over the whole time-domain resource, i.e. time-domain search space spans over all symbols in a slot, the frequency-domain search space should be constrained into a narrow bandwidth as possible in order to reduce the detection complexity and latency. An example is illustrated in Fig.3. The URLLC-PDCCH can be placed in a relatively fixed frequency-domain range which is semi-statically configured by higher layer signalling.
This structure is also helpful for eMBB UEs’ low-complexity detection of URLLC-multiplexing indication. An eMBB UE can keep monitoring the indication in the relatively fixed position in the scheduled slot no matter what frequency resource is allocated to the eMBB UEs. Thus the eMBB UE can also detect the indication with a low complexity and small latency.

Meanwhile this structure also minimizes the influence to eMBB-PDCCH. The design of eMBB-PDCCH can be optimized for eMBB services by neglecting any URLLC requirements.
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Fig.3: URLLC-PDCCH structure optimized for URLLC-specific requirements
Proposal 2: New PDCCH structure optimized for URLLC should be studied and compared with eMBB-like PDCCH structure. 
4. Conclusions
Proposal 1: Allowing separate optimizations for URLLC-PDCCH and eMBB-PDCCH to meet the requirements of ultra reliability, low latency, multiplexing indication meanwhile minimizing effects to eMBB UEs.
Observation 1: It is challenging to use an eMBB-like PDCCH structure to achieve a low-complexity, low-latency detection of URLLC-PDCCH and effecient URLLC-multiplexing indication to eMBB UEs. 

Proposal 2: New PDCCH structure optimized for URLLC should be studied and compared with eMBB-like PDCCH structure. 
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