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Introduction
In this paper, the reliability aspect of NR-PDCCH for URLLC is discussed. In [1], the reliability requirements for URLLC have been set. A 10-5 packet (32 bytes) reliability target needs to be achieved within a user plane latency of 1ms. In RAN1 NR Ad-Hoc #1 Jan17 meeting, the following agreement concerning the NR-PDCCH reliability for URLLC has been made:
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 share our views regarding the NR-PDCCH reliability requirement and its relation to the HARQ design as well as the impact on the system efficiency.
Discussions
Both NR-PDSCH and NR-PDCCH have both to be designed to meet the URLLC reliability requirement.  However, the BLER (reliability) of NR-PDSCH initial transmission could be relaxed thanks to the multiple shot HARQ. The relaxation of the PDSCH BLER depends on the number of achievable retransmissions (Example: 2 transmissions is achievable for RTT=4TTI (k1=2) for TTI=0.125ms at 60 kHz SCS –Figure 1-).  In [2], it was observed that URLLC User Plane latency requirement can be met with a less demanding BLER target for 1st data transmission with new numerology and two-shot data transmission.
[image: ]
Figure 1: Two retransmissions achievable for TTI=0.125ms
The failure of the NR-PDCCH transmission will directly lead to the failure of the L1 signalling decoding and hence the failure of the NR-PDSCH reception and so no soft bit will be stored in the HARQ buffer, which negates the benefit of the HARQ buffer combining. Thus in order to benefit from the HARQ buffer combining the NR-PDCCH has to achieve very low BLER performance (<10-5) that allows to meet the target data ultra-reliability. 
The first obvious way of enhancing the NR-PDCCH performance is to increase the aggregation level up to 16 and/or  32. Although increasing the NR-PDCCH aggregation level may seem to be necessary to meet the URLLC reliability requirement, it will lead to a significant increase in the DL control overhead and will not allow for an optimal use of the available user-plane resources.
In LTE, the target BLER percentage for a single data transmission was set to 10% and the BLER target for PDCCH was set to 1% for the purpose of reliable transmission which allows for 10x performance margin w.r.t. the data BLER. In the case of URLLC, the data BLER target is set at 10-5, although it is difficult to infer the BLER target per single data transmission and the corresponding PDCCH BLER target, however given that the number of possible HARQ transmissions for the required latency (1ms) is typically small ~2 transmissions, therefore for a legacy HARQ that relay on the soft combining to achieve the data BLER 10-5 , the PDCCH reliability for each of the transmission has to be <10-5. Applying the 10x performance margin means that the NR-PDCCH BLER target is 10-6 (see Figure 2). 


[bookmark: _Ref490211565]Figure 2: Current expected BLER targets for DL Controls and Data
A 10-6 NR-PDCCH BLER target is required if legacy HARQ design is applied to URLLC. In the LTE legacy HARQ, a 10% data BLER is targeted for 1st transmission. In case the 1st transmission fails, the retransmission carries a similar amount of redundancy to the 1st transmission -see Figure 3-. The receiver combines the soft information of both transmissions and proceed with the decoding. Hence, the legacy HARQ requires a very reliable PDCCH to be able to build enough redundancy in order to guarantee the required reliability. 
This is not the case for the asymmetric HARQ proposed in [3] which allows for less demanding BLER target for 1st data transmission -see Figure 4-.
With this proposed asymmetric HARQ, the 1st data transmission aims to achieve better efficiency with a relatively high 1st transmission coding rate r1 sufficient to ensure a large number of UEs can detect NR-PDSCH and send DL data packet ACK to gNB. If the 1st data transmission fails, the 2nd data transmission is scheduled with a larger amount of redundancy (lower coding rate r2) to improve reliability within the required latency. When soft combining is used, both HARQ transmissions are combined in the UE. If no soft combining is used, the UE may process the 2nd data transmission as a new data transmission without HARQ soft combining with the 1st Data transmission -see Figure 4-. Some loss in performance may be expected by not using HARQ combining. This could still be an acceptable compromise providing higher gNB scheduler flexibility, simpler HARQ operations and a reduced reliance on feedback channels to indicate NACK in the 1st transmission.


[bookmark: _Ref490211579]Figure 3:(a) Legacy HARQ; (b) Asymmetric HARQ with soft combining; (c) Asymmetric HARQ without soft combining
Asymmetric HARQ design leads obviously to lower NR-PDCCH reliability requirement for the initial transmission. The initial transmission success rate is very high in most scenarios and retransmissions will be limited to cases when the UE is experiencing a poor radio link conditions. Hence designing the control to reach BLER target of 10-6 for the 1st transmission results in a high overhead that is not needed in the case of asymmetric HARQ. 
As a result, in order to achieve better efficiency it makes more sense to target the NR-PDCCH BLER targets of 10-6 only for the cases when retransmissions occur.  
Observation #1: The asymmetric HARQ allows for lower NR-PDCCH reliability requirement for initial transmission.
Resources could be saved by targeting a BLER between 10-3 and 10-2 (resp. 10-2 and 10-1) for the initial transmission control (resp. data) as shown in Figure 4 and lower BLER targets 10-6 (resp. 10-5) for the retransmission. This is because the second transmission will only happen occasionally in case the initial transmission has failed. 


[bookmark: _Ref490211592]Figure 4: Proposed BLER Targets for DL Control and Data
Based on the observations above, in order to reduce the NR-PDCCH overhead multiple PDSCH BLER targets should be supported to allow for more resource efficient DL URLLC. This could be achieved using multiple CQI reporting for two BLER targets.
For the range of the 1st transmission in asymmetrical HARQ, for evaluation let X be the BLER target for NR-PDSCH (X ~ 1% to 10%), and the BLER target for NR-PDCCH 1st transmission to X/10.
At maximum 2 or 3 transmissions are possible for reasonable RTT, therefore in this paper we concentrate on the 2 HARQ transmissions analysis. The following analysis is based on performance curves provided in Figure 5 and Figure 6. The simulation parameters are provided in Table 3 in the appendix.
The Total NR-PDCCH needed resources provided in Table 1 and Table 2 are calculated as follows: 
Total NR-PDCCH resource = (NR-PDCCH Resource 1st Transmission) + (NR-PDCCH Resource 2nd Transmission) * (NR-PDSCH BLER 1st Transmission)

[bookmark: _Ref490207279]Table 1: NR-PDCCH resources saving for NR-PDSCH BLER Target = 10%
	X = 10%, TDL-A 10ns, 2Tx-2Rx  , SNR = -5dB 

	HARQ
	Transmission
	NR-PDSCH Target BLER
	NR-PDCCH Target BLER
	Coding Rate
	NR-PDSCH BLER
	AL
	NR-PDCCH BLER
	Total NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of Asymmetric (%)

	Asymmetric
	1st
	X
	X/10
	1/9
	7. 10-2   
	4
	9. 10-3
	6.24
	
81.1%

	
	2nd
	10-5
	10-6
	1/36
	3. 10-6   
	32
	<10-6
	
	

	Legacy symmetric
	1st
	~10-3   
	10-6
	1/18
	3.10-3   
	32
	<10-6
	33.07
	

	
	2nd
	~10-3   
	10-6
	1/18
	3.10-3   
	32
	<10-6
	
	





[bookmark: _Ref490207307]Table 2 : NR-PDCCH resources saving for NR-PDSCH BLER Target = 1%
	X = 1%, TDL-A 10ns, 2Tx-2Rx  , SNR = -5dB 

	HARQ
	Transmission
	NR-PDSCH Target BLER
	NR-PDCCH Target BLER
	Coding Rate
	NR-PDSCH BLER
	AL
	NR-PDCCH BLER
	Total NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of Asymmetric (%)

	Asymmetric
	1st
	X
	X/10
	1/15
	9. 10-3   
	8
	4. 10-4
	8.28
	
74.9%

	
	2nd
	10-5
	10-6
	1/36
	3. 10-6   
	32
	<10-6
	
	

	Legacy symmetric
	1st
	~10-3   
	10-6
	1/18
	3.10-3   
	32
	<10-6
	33.07
	

	
	2nd
	~10-3   
	10-6
	1/18
	3.10-3   
	32
	<10-6
	
	



Table 1 and Table 2 show the NR-PDCCH resources saving thanks to the use of the asymmetric HARQ compared to the legacy HARQ. The gain comes essentially from relaxing the NR-PDCCH BLER target for the 1st transmission which is allowed thanks to the asymmetric HARQ.
Observation #2: Asymmetric HARQ allows for relaxing the NR-PDCCH BLER target for 1st transmission. 
[image: ]Observation #3: Asymmetric HARQ provides significant NR-PDCCH resources saving compared to legacy HARQ.
[bookmark: _Ref490206965]Figure 5: Asymmetric HARQ performance in TDL-A 10ns, 2Tx-2Rx
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[bookmark: _Ref490206980]Figure 6: NR-PDCCH performance, distributed CCE, in TDL-A 10ns, 2Tx-2Rx

Proposal 1#: Support Multiple BLER targets to allow for more resource efficient DL URLLC operation. 
Proposal #2: Asymmetric HARQ procedures with and without soft combining for URLLC are for further study.
Conclusions
In this paper, we discuss some aspects of reliable NR-PDCCH for URLLC and we observe the following:
Observation #1: The asymmetric HARQ allows for lower NR-PDCCH reliability requirement for initial transmission.
Observation #2: Asymmetric HARQ allows for relaxing NR-PDCCH BLER target for 1st transmission. 
Observation #3: Asymmetric HARQ provides significant NR-PDCCH resources saving compared to legacy HARQ.

According to the analysis given above, we have the following proposals: 

Proposal 1#: Support Multiple BLER targets to allow for more resource efficient DL URLLC operation. 
Proposal #2: Asymmetric HARQ procedures with and without soft combining for URLLC are for further study.
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Appendix
[bookmark: _Ref490226478]Table 3: Simulation parameters
	Parameter
	Value

	Control Resource Set Bandwidth
	20 MHz

	Sub-carrier Spacing
	15 kHz

	DCI Payload Size
	21

	CRC Size
	19

	Modulation
	QPSK

	Channel Coding
	Polar code for NR-PDCCH

	Aggregation Level
	1, 2, 4, 8, 16, 32

	CCE size
	6 REGs 

	REG size
	8 REs (with DMRS density 1/3)

	Number of OFDM symbols for NR-PDCCH
	1 for AL, 2 for AL=32

	Channel Model and Antenna configurations
	TDL-A 10ns, 2Tx-2Rx

	UE Doppler
	3Km/h

	Channel Estimation
	Practical with MRC

	Noise Estimation
	Ideal
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