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Discussion and decision
1 Introduction
In last RAN1 meeting, there was an agreement for PDCCH repetition as following. 
	Agreements:

To study the necessity of compact DCI and PDCCH repetition, the following link-level simulation assumptions are provided.
Parameters
Value
Notes

DCI payload (excluding 24bits CRC)
40bits, 30bits, 24bits (optional)  

System bandwidth
20MHz

Carrier Frequency
4GHz, 700MHz

Reported by companies

Number of symbols for CORESET
1, 2, 3

Reported by companies

CORESET BW (contiguous PRB allocation)

20MHz, 10MHz (optional for PDCCH repetition in frequency)
Subcarrier spacing

30KHz, other SCS are not precluded

Reported by companies

Aggregation level
Compact DCI study: 8, 16. (1,2,4 are optional)

PDCCH repetition study (40bits): 4, 8, 16
Transmission type
Interleaved

REG bundling size

6

Modulation 

QPSK

Channel coding
Polar code (DCI)

Transmission scheme
1-port precoder cycling

Channel estimation
Realistic

Channel model
TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
UE speed
3 km/h

Number of BS antennas
2Tx

Number of UE antennas
4Rx for 4G, 2Rx for 700MHz

Residual target BLER 

10^-5

Applied to one-shot tx, PDCCH repetition, HARQ, and others

Deployment
Urban macro as listed in 3GPP 38.802

SINR target
Compact DCI study: 5th percentile DL geometry

PDCCH Repetition study: look at link curves directly




This contribution discusses needs of PDCCH repetitions for URLLC reliability with evaluation results based on agreed evaluation assumptions. 
2 
Discussions 
1.1 Definition of reliability requirement

 In [1], there are explanations for how to evaluate reliability as follows. 

	The evaluator shall perform the following steps in order to evaluate the reliability requirement using system-level simulation followed by link-level simulations.

Step 1: 
Run downlink or uplink full buffer system-level simulations of candidate RITs/SRITs using the evaluation parameters of Urban Macro-URLLC test environment see § 8.4.1 below, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.

Step 2:
Use the CDF for the Urban Macro-URLLC test environment to save the respective 5th percentile downlink or uplink SINR value.

Step 3:
Run corresponding link-level simulations for either NLOS or LOS channel conditions using the associated parameters in the Table 8-3 of this Report, to obtain success probability, which equals to (1-Pe), where Pe is the residual packet error ratio within maximum delay time as a function of SINR taking into account retransmission.

Step 4:
The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of Step 2 and within the required delay, the success probability derived in Step 3 is larger than or equal to the required success probability. It is sufficient to fulfil the requirement in either downlink or uplink, using either NLOS or LOS channel conditions.



According to the above procedure, it should check whether SINR value satisfying target BLER of 10-5 is lower than the 5th percentile downlink SINR value or not when it evaluates simulation results on compact DCI. Herein, the 5th percentile downlink SINR value itself can be found from on-going email-discussion regarding self-evaluation campaign for ITU submission in [2]. There are 4 kinds of evaluation environments for URLLC: Urban Macro with channel mode A and carrier frequency of 4GHz, Urban Macro with channel mode B and carrier frequency of 4GHz, Urban Macro with channel mode A and carrier frequency of 700MHz, Urban Macro with channel mode B and carrier frequency of 700MHz. Channel model A and B are explained in detail in [2]. The following table 1 shows average SINR values over all geometry calibration results that have been submitted from about 15 companies so far.
Table 1: 5th percentile downlink SINR value in URLLC Urban Macro

	Channel Model
	Carrier frequency
	5th percentile downlink SINR value

	Model A
	700MHz
	-2.27 dB

	Model B
	700MHz
	-2.22 dB

	Model A
	4GHz
	-2.48 dB

	Model B
	4GHz
	-2.27 dB


By using 5th percentile downlink SINR value in Table 1, following section discusses when and how reliability requirements are satisfied in certain conditions. In this contribution, satisfying URLLC reliability requirement means SINR values at target BLER of 10-5 is smaller than all 5th percentile downlink SINR values (-2.48 dB ~ -2.22 dB). 
1.2 Needs for PDCCH repetition from evaluation results 

Based on evaluation assumptions as shown in Table 2, 6 kinds of evaluation results were performed according to the number of receiver antenna, carrier frequency and link level channel model. Besides, we consider 4 schemes as following: no repetition, repetition in frequency, repetition in time without DMRS time bundling and repetition in time with DMRS time bundling. It is assumed that all schemes have the same AL effectively regardless of repetition. For example, a transmission of PDCCH with AL 8 (i.e., no repetition) can be the same as two repeated transmissions of PDCCH with AL 4 via time or frequency level. Regarding repetition in frequency, it considers that the same DCI is transmitted at the same time (symbol) with different frequency bandwidth. Regarding repetition in time, it considers that the same DCI is transmitted at the same frequency bandwidth with different time (symbol). Moreover, in case of repetition in time, DMRS time bundling can be considered further and evaluation results show the effect of DMRS time bundling as shown in Figs. 1~6. 
Figs. 1~3 show BLER vs. SINR in case that the number of receiver antenna is 2 and carrier frequency is 700MHz. In case of no repetition, it is shown that AL 16 satisfy URLLC reliability requirement for all channel models and AL 8 satisfy URLLC reliability requirement except TDL-A. Regarding frequency repetition and time repetition w or w/o DMRS time bundling, it shows worse performance than no repetition due to about 1~7dB SINR gain loss at the same target BLER depending on assumed aggregation levels and channel/antenna models. Specifically, in case of time repetition, even though aggregation level is 16, it does not satisfy URLLC reliability requirement for TDL-A. 
Figs. 4~6 show BLER vs. SINR in case that the number of receiver antenna is 4 and carrier frequency is 4GHz. In case of no repetition, it is shown that AL 4, 8 and 16 satisfy URLLC reliability requirement for all channel models. On the other hand, time repetition with AL 4 does not satisfy URLLC requirement for all channel models. 
As for repetition in frequency, it shows better performance than repetition in time. However, current NR specification already supports non-contiguous CORESET configuration and therefore repetition in frequency can be operated sufficiently in current NR specification. For repetition in time, there are a couple of disadvantages rather than no repetition. First thing is that repetition in time has poor performance than repetition in about 2~7dB SINR gain loss. Second thing is that it may incur latency rather than no repetition in that latency is also very important factor for URLLC. Above all, current NR specification is sufficient to support URLLC reliability requirement no matter what PDCCH repetition is applied. So, it does not need to consider PDCCH repetition because NR specification can sufficiently satisfy URLLC reliability requirement. 
Observation 1: In case of 2 Rx and 700MHz, no repetition with AL 16 satisfies URLLC reliability requirements for all channel models.
Observation 2: In case of 2 Rx and 700MHz, time repetition with AL 16 does not satisfy URLLC reliability requirements for TDL-A. 
Observation 3: In case of 4 Rx and 4GHz, no repetition with AL 4, 8 and 16 satisfies URLLC reliability requirements for all channel models. 

Observation 4: Frequency repetition is already implemented by current specification as non-contiguous CORESET resource mapping is enabled. 
Observation 5: Time repetition would incur DCI decoding latency which is one of very important factors in NR. 
Proposal 1: It does not need to consider PDCCH repetition because current NR specification not only can sufficiently satisfy URLLC reliability requirement and but repetition also causes larger latency than no repetition. 
3 Conclusions
In this contribution, PDCCH repetition issue was discussed. Based on discussion, following observations and proposals are summarized as below.

Observation 1: In case of 2 Rx and 700MHz, no repetition with AL 16 satisfies URLLC reliability requirements for all channel models.
Observation 2: In case of 2 Rx and 700MHz, time repetition with AL 16 does not satisfy URLLC reliability requirements for TDL-A. 

Observation 3: In case of 4 Rx and 4GHz, no repetition with AL 4, 8 and 16 satisfies URLLC reliability requirements for all channel models. 

Observation 4: Frequency repetition is already implemented by current specification as non-contiguous CORESET resource mapping is enabled. 

Observation 5: Time repetition would incur DCI decoding latency which is one of very important factors in NR. 
Proposal 1: It does not need to consider PDCCH repetition because current NR specification not only can sufficiently satisfy URLLC reliability requirement and but repetition also causes larger latency than no repetition. 
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Annex

Table 2: Evaluation assumptions for PDCCH repetition
	Parameters
	Value
	Evaluation Assumptions

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits (optional)  
	40bits

	System bandwidth
	20MHz
	20MHz

	Carrier Frequency
	4GHz, 700MHz
	4GHz, 700MHz

	Number of symbols for CORESET
	1, 2, 3
	1

	CORESET BW (contiguous PRB allocation)
	20MHz, 10MHz (optional for PDCCH repetition in frequency)
	20MHz 

	Subcarrier spacing
	30KHz, other SCS are not precluded
	30KHz

	Aggregation level
	PDCCH repetition study (40bits): 4, 8, 16
	4, 8, 16

	Transmission type
	Interleaved
	Interleaved (interleaver size = 3)

	REG bundling size
	6
	6

	Modulation 
	QPSK
	QPSK

	Channel coding
	Polar code (DCI)
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling
	{1, 1i, -1, -1i}

	Channel estimation
	Realistic
	MMSE for each REGB 

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns)

	UE speed
	3 km/h
	3 km/h

	Number of BS antennas
	2Tx
	2Tx

	Number of UE antennas
	4Rx for 4GHz, 2Rx for 700MHz
	4Rx for 4GHz, 2Rx for 700MHz 

	Residual target BLER
	10-5
	10-5



[image: image1]
Figure 1: Evaluation results (TDL-A 30ns, 700MHz, 2 Tx, 2 Rx)

[image: image2]
Figure 2: Evaluation results (TDL-B 300ns, 700MHz, 2 Tx, 2 Rx)

[image: image3]
Figure 3: Evaluation results (TDL-C 100ns, 700MHz, 2 Tx, 2 Rx)

[image: image4]
Figure 4: Evaluation results (TDL-A 30ns, 4GHz, 2 Tx, 4 Rx)

[image: image5]
Figure 5: Evaluation results (TDL-B 300ns, 4GHz, 2 Tx, 4 Rx)

[image: image6]
Figure 6: Evaluation results (TDL-C 100ns, 4GHz, 2 Tx, 4 Rx)
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