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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:

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 
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:

Agreements:
· 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

In RAN1#88bis, the symbol-based-monitored DL control channel was introduced [3] which can be used for low-latency transmission.

Agreements:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note : 1-symbol case may be restricted depending on the BW.
Also in RAN1#88bis, most of companies suggested to re-use the PDCCH channel structure for the pre-emption indication [3].

Agreements:
· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 

· FFS whether the indication is based on NR-PDCCH or a group common PDCCH

· FFS location of the indication
· FFS timing of the indication
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 services
From our perspective, the NR-PDCCH should be designed to meet the following requirements related to URLLC services:

· Ultra reliability

Since the URLLC transmission is required to achieve the 99.999% reliability, the reliability of one-shot PDCCH for URLLC 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 DCI for URLLC can be much smaller than DCI for eMBB. A so-called “compact DCI format” with smaller number of bits can be used for URLLC. Even though, a substantially larger overhead of PDCCH for URLLC than PDCCH for eMBB should be considered. 
· Low latency

In order to achieve the low-latency transmission for URLLC services, the detection of 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 for URLLC, the time-domain continuity is much more important for PDCCH than frequency-domain expansion. This design principle is different from the typical PDCCH for eMBB, 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 services should be supported while minimizing effects to eMBB UEs. The PDCCH for eMBB should keep 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 PDCCH for eMBB or PDCCH for URLLC. Placing the indication in PDCCH for eMBB can simplify the eMBB UEs’ operation. However, if PDCCH transmission for eMBB remains once per slot, the pre-emption indication 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 PDCCH for eMBB transmission in the slot, the indication has to be placed in the subsequent slots. Another option is placing the indication in the PDCCH for URLLC. Although new procedure needs to be added to support eMBB UEs to read the PDCCH for URLLC UEs, this approach provide real-time indication to pre-empted eMBB UEs. The approach can also re-use the PDCCH for URLLC for indication and thus avoid the extra overhead.
· Support NR-PDCCH configured for optimization for URLLC services
As analyzed above, the NR-PDCCH should be able to be configured for optimization for URLLC services. At first, PDCCH for URLLC needs to be configured with a higher overhead than PDCCH for eMBB for an ultra reliablity. Secondly, to persue low latency, time-domain continuity is preferred for PDCCH for URLLC rather than frequency-domain extention. Finally, in order to minimize effects to eMBB UEs, PDCCH for eMBB should be able to keep un-affected as much as possible. Different configurations of NR-PDCCH for eMBB and URLLC respectively actually reduce the eMBB UE complexity. 

Proposal 1: NR-PDCCH design should support to be configured to meet the requirements of ultra reliability, low latency transmission and to provide pre-emption indication to eMBB UEs.

3. NR-PDCCH structure for URLLC
Aiming at the three requirements above, the two types of PDCCH structures are analysed in this section for URLLC services. 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
· PDCCH structure 1: Structure similar to PDCCH for eMBB
In this structure, the PDCCH is placed in the first symbols of a URLLC burst (e.g. a symbol-level transmission). 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 PDCCH throughout the system bandwidth in every symbol. This definitely introduces a high detection complexity, and results in a large processing latency accordingly.
The structure is not suitable to URLLC because the two types of PDCCHs have different design targets. For URLLC services, the time-domain continuity is much more important for PDCCH than frequency-domain expansion because the URLLC requires PDCCH transmission in every symbol. This design principle is completely different from that for eMBB, 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.1: Similar PDCCH structure for eMBB and URLLC
· PDCCH structure 2: Structure optimized for URLLC
The second approach is to design a specific PDCCH configuration optimized for URLLC. Since the PDCCH for URLLC needs to span over the whole time-domain resource, i.e. monitoring per 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 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 pre-emption 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 PDCCH for eMBB. The PDCCH for eMBB can be configured to slot-based monitoring granularity so to skip the per-symbol monitoring occasions.
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Fig.2: PDCCH structure optimized for URLLC service requirements
Proposal 2: Per-symbol-monitoring PDCCH structure with relatively fixed frequency resource range should be supported for ultra reliability, low-latency transmission. 
4. Conclusions
Proposal 1: NR-PDCCH design should support to be configured to meet the requirements of ultra reliability, low latency transmission and to provide pre-emption indication to eMBB UEs.
Proposal 2: Per-symbol-monitoring PDCCH structure with relatively fixed frequency resource range should be supported for ultra reliability, low-latency transmission. 
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