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1. Introduction
According to URLLC requirements described in [1], the design targets for URLLC are as follows:
· 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.
In RAN1 NR AH#1 meeting, following agreements were reached about NR-PDCCH reliability requirements [2]:
	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 


In this contribution, we discuss the high reliability aspects for URLLC related DL control channel, including the potential ultra-reliability design for URLLC PDCCH. This contribution is revised from R1-1719784.
2. Discussion
2.1. Requirement of high reliability of DL control
A URLLC packet transmission is required to achieve 99.999% reliability within the user plane latency bound. It was agreed that the target BLER of a compact DCI for URLLC should be lower than Y%, where Y is not decided yet. The target BLER of URLLC PDCCH should be determined considering the requirement of URLLC. For example, the probability of error case for control and data transmission can be expressed as follows:
Prpacket = Prcontrol  +  (1 - Prcontrol) * Prdata <= 10-5
Assuming a one-shot transmission case, according to the above expression, the error probability of DL control should be less than 10-5. Note that for retransmission case, the requirement of DL control can be relaxed while UL control error needs to be considered.
2.2. PDCCH repetitions
For data channel, repetition transmission is supported to improve reliability. Similarly, repetition transmission of PDCCH can be used to improve the reliability of PDCCH reception for URLLC scenario. How to conduct PDCCH repetitions needs to be further discussed, i.e. which frequency resources are used for the PDCCH repetitions and where the repetitions of PDCCH are located on time domain. 

A CORESET can be configured for one or multiple PDCCH candidates. Then, there are different options for PDCCH repetitions over the configured CORESETs.
· Option 1a: PDCCH repetitions within the same CORESET with the same monitoring occasion
· Option 1b: PDCCH repetitions within the same CORESET with different monitoring occasions
· Option 2a: PDCCH repetitions over multiple CORESETs with the same monitoring occasion
· Option 2b: PDCCH repetitions over multiple CORESETs with different monitoring occasions
For a CORESET, all PDCCH candidates have the same QCL. Therefore, option 1a and 1b are used for single QCL case, while option 2a and 2b can be used for single or multiple QCLs cases. Within a CORESET, a UE is configured with one PDCCH monitoring occasion. In such case, for option 1a, within a CORESET, PDCCHs are repeatedly transmitted with the same monitoring occasion. As shown in Figure 1, CORESET 1 configured for UE has 2-symbol duration and PDCCH repetitions are transmitted over the whole CORESET 1. This option is quite similar to PDCCH transmission using higher CCE aggregation level. 
An alternative of PDCCH repetitions within the same CORESET is to repeat PDCCH in different monitoring occasions, i.e. option 1b. As shown in Figure 2, CORESET 1 with 1-symbol duration is configured for a UE in the first 3 symbols in a slot. PDCCH repetitions are transmitted in time domain, i.e. in the first 3 symbols repeatedly with different PDCCH monitoring occasions. This is beneficial for the case the when CORESET 1 in a single symbol has no sufficient resources for PDCCH repetitions.
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Figure 1. An example of PDCCH repetitions within the same CORESET with the same monitoring occasion
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Figure 2. An example of PDCCH repetitions over different monitoring occasions within the same CORESET
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Figure 3. An example of PDCCH repetitions over multiple CORESETs with the same monitoring occasion
For different CORESET case, option 2a and option 2b illustrate two different PDCCH repetitions methods. As shown in Figure 3, PDCCH is repeated over two CORESETs which are located on different frequency bands respectively. In the example, PDCCH repetitions are conducted at the same time, i.e. PDCCH monitoring occasion is the same for the repeated PDCCHs. An alternative for PDCCH repetitions over multiple CORESETs is that multiple PDCCHs can be transmitted repeatedly at different monitor occasions, as the example in Figure 4.
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Figure 4. An example of PDCCH repetitions over multiple CORESETs with different monitoring occasions
Proposal 1: PDCCH can be repeatedly transmitted within the same CORESET with different monitoring occasions

Proposal 2: PDCCH can be repeatedly transmitted within multiple CORESETs with the same or different monitoring occasions
Proposal 3: Multi-beam can also be considered for PDCCH transmission.
Another key issue is that what is UE’s behaviour to monitor PDCCH repetition transmissions. How UE determines where to monitor PDCCH repetitions should be defined. Once UE knows the locations to monitor PDCCH repetitions, UE needs to determine whether the detected multiple PDCCH candidates are consisting of the same PDCCH repetitions. Some linkage of PDCCH candidates across repetitions can be considered. 
Regarding PDCCH repetitions, one possible shortage is increased number of blind detection for PDCCH. Therefore, it is worth to discuss further how to control restrict the blind decoding number required for repetition transmission of PDCCH.

Proposal 4: Further discuss related UE behavior for monitoring PDCCH repetitions
2.3. High Aggregation Level (AL)
It has been agreed that the CCE aggregation level can be  = 1, 2, 4, 8 or 16 are supported for NR-PDCCH. To increase the reliability of DL control transmission for URLLC case, very low coding rate may be used. Therefore, there is a need to consider high CCE aggregation levels >= 16, for example, (e.g.16 or 32, similar to LTE EPDCCH) in order to improve DL control channel. 
3. Conclusion
In this document, we discuss aspects of ultra-reliability design for URLLC PDCCH with the following proposals. 
Proposal 1: PDCCH can be repeatedly transmitted within the same CORESET with different monitoring occasions

Proposal 2: PDCCH can be repeatedly transmitted within multiple CORESETs with the same or different monitoring occasions
Proposal 3: Multi-beam can also be considered for PDCCH transmission.
Proposal 4: Further discuss related UE behavior for monitoring PDCCH repetitions
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