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Introduction
In RAN1 #88 meeting, there was an agreement on initial estimate of the number of REGs per CCE for DL control channel as follows [1]:
	Agreements:
· For the purpose of determining CCE size, at least one UE-specific DCI can be transmitted within one CCE (with QPSK and code rates not close to 1)
· An initial estimate of the number of REGs per CCE where a REG is one PRB in one OFDM symbol if DCI sizes are similar to LTE assuming QPSK: Suitable values could range from 4 to 8 REGs. 
· A more precise value needs more decisions on the information carried by the DCI
· For single stage DCI, modulation scheme for PDCCH is only QPSK



In this contribution, we provide initial discussion on the NR-CCE size considering the NR DCI payload sizes.

Discussion
In LTE, the payload size of the UE-specific DCI ranges from about 40 to 70 bits depending on the DCI format and the system bandwidth. Although there is not much investigation on the DCI fields for NR, it is easily expected that the payload size of NR DL/UL assignment DCI for eMBB will be larger than that of LTE due to larger system bandwidth and potential new control information to support larger flexibility and forward compatibility features. In the millimeter wave band, there is also a possibility that some of common control information is embedded in the UE-specific DCI due to pencil beam operation, which may further increase the maximum size of a DCI. In the case of URLLC, the DCI size can be relatively small if the resource allocation granularity is smaller than that of eMBB (e.g., larger subcarrier spacing, PRB group based allocation). However, the URLLC transmission will generally require very high CCE aggregation levels (ALs) to meet the latency and reliability requirements. Therefore, AL=1 would not be very relevant to the URLLC case.
Based on this argument, we consider up to 100 bits for the DCI payload size for NR in this paper. Table 1~3 show the code rates for various combinations of the DCI payload sizes and the CCE ALs, where 4, 6, 8 REGs per CCE are considered as the CCE size and up to 33% DMRS overhead is assumed. The considered payload sizes include 20 bits as the common DCI size and 40~100 bits as the UE-specific DCI size. The corresponding BLER results with 2-port SFBC are attached in Annex.

Table 1. Code rates for 4 REGs/CCE (DMRS overhead up to 33%)
	
	AL=1 (~48 REs)
	AL=2 (~96 REs)
	AL=4 (~192 REs)
	AL=8 (~384 REs)

	20bits + 16bit CRC
	0.38~0.56
	0.19~0.28
	0.09~0.14
	0.05~0.07

	40bits + 16bit CRC
	0.58~0.88
	0.29~0.44
	0.15~0.22
	0.07~0.11

	60bits + 16bit CRC
	0.79~1.19
	0.40~0.59
	0.20~0.30
	0.10~0.15

	80bits + 16bit CRC
	1.00~1.50
	0.50~0.75
	0.25~0.38
	0.13~0.19

	100bits + 16bit CRC
	1.21~1.81
	0.60~0.90
	0.30~0.45
	0.15~0.23



Table 2. Code rates for 6 REGs/CCE (DMRS overhead up to 33%)
	
	AL=1 (~72 REs)
	AL=2 (~144 REs)
	AL=4 (~288 REs)
	AL=8 (~576 REs)

	20bits + 16bit CRC
	0.25~0.38
	0.13~0.19
	0.06~0.09
	0.03~0.05

	40bits + 16bit CRC
	0.39~0.58
	0.19~0.29
	0.10~0.15
	0.05~0.07

	60bits + 16bit CRC
	0.53~0.79
	0.26~0.40
	0.13~0.20
	0.07~0.10

	80bits + 16bit CRC
	0.67~1.00
	0.33~0.50
	0.17~0.25
	0.08~0.13

	100bits + 16bit CRC
	0.81~1.21
	0.40~0.60
	0.20~0.30
	0.10~0.15



Table 3. Code rates for 8 REGs/CCE (DMRS overhead up to 33%)
	
	AL=1 (~96 REs)
	AL=2 (~192 REs)
	AL=4 (~384 REs)
	AL=8 (~768 REs)

	20bits + 16bit CRC
	0.19~0.28
	0.09~0.14
	0.05~0.07
	0.02~0.04

	40bits + 16bit CRC
	0.29~0.44
	0.15~0.22
	0.07~0.11
	0.04~0.05

	60bits + 16bit CRC
	0.40~0.59
	0.20~0.30
	0.10~0.15
	0.05~0.07

	80bits + 16bit CRC
	0.50~0.75
	0.25~0.38
	0.13~0.19
	0.06~0.09

	100bits + 16bit CRC
	0.60~0.90
	0.30~0.45
	0.15~0.23
	0.08~0.11



In Table 1, it is seen that if one NR-CCE comprises 4 REGs (which is comparable to LTE CCE size of 36 REs), AL=1 is only applicable to 20 and 40 bits payload size. If a PDCCH candidate contains a certain amount of DMRS REs, then even 40 bits seem hard to be delivered with AL=1. Moreover, the 20 bits payload size is usually for common DCI or compact DCI format (like LTE DCI format 1C) which will hardly be encoded with a single CCE in order to be broadcasted to many UEs with robustness. Therefore, the usage of AL=1 will be highly limited if 4 REGs constitute a CCE. In this respect, it is more appropriate for NR-PDCCH to have larger CCE size such as 6 or 8 REGs per CCE. Table 2 and 3 show that with these values, AL=1 can cover medium to large payload sizes as well with practical code rates.
Observation 1: Considering the usability of AL=1 for the increased DCI payload size for NR, the proper value of the NR-CCE size is from 6 to 8 REGs.

As mentioned previously, the UE-specific DCI can have larger size in above 6 GHz. Therefore one can consider to apply different CCE sizes to different frequency bands for better optimization. However, supporting multiple CCE sizes may complicate the PDCCH mapping structure and it will also increase the implementation complexity. Therefore it is preferred to adopt a single definition for the CCE size of the NR-PDCCH.
Proposal 1: Support a single CCE size in NR-PDCCH regardless of the frequency band.

In RAN1 #88 meeting, there was an agreement that a more precise value for the NR-CCE size needs more decisions on the information carried by the DCI. However, some of DCI contents, especially beam-related indication, may need more time for the decision and if the size of the CCE is still open until then, it may delay the progress of the DL control channel design. Therefore it is suggested to decide the CCE size as early as possible, e.g., based on rough estimate of the DCI payload sizes.

Conclusion
In this contribution, we discussed the details on the CCE size for NR-PDCCH. We have one observation and one proposal as the followings:
Observation 1: Considering the usability of AL=1 for the increased DCI payload size for NR, the proper value of the NR-CCE size is from 6 to 8 REGs.
Proposal 1: Support a single CCE size in NR-PDCCH regardless of the frequency band.
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Annex: Link-level evaluation results
In this section, we provide BLER performance of 2-port SFBC over various CCE sizes and DCI payload sizes which correspond to Table 1~3. The simulation parameters are listed up in Table 4.

Table 4. Link-level simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-A, 300ns

	UE mobility
	3km/h

	Subcarrier spacing
	15kHz

	gNB and UE antennas
	2x2

	Transmission scheme
	2-port SFBC

	DCI payload size
	20, 40, 60, 80 bits

	Number of control symbols
	1

	PRB allocation
	Localized (contiguous) in frequency

	Channel coding
	TBCC

	Channel estimation
	MMSE estimation + linear interpolation
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Fig. 1. BLER results for 4 REGs/CCE
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Fig. 2. BLER results for 6 REGs/CCE
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Fig. 3. BLER results for 8 REGs/CCE
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