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Introduction
The NR Study Item was completed and closed in RAN plenary meeting#75 where the TR 38.802 was approved and is available in [1]. The NR Work Item was also approved in [2] where the WI targets meeting both eMBB and URLLC related 5G requirements in Rel-15. The design of DL control channel is an essential part of the WI. One of the important aspects in design of DL control channel is the size of NR-CCE. In the previous RAN1 meeting [3], the following agreement was reached:
Agreements:
· At least QPSK is supported for the modulation of the PDCCH
· 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

In this contribution for the design of NR-PDCCH, we provide performance evaluation results to determine the proper design choice for the number of REGs in a CCE.
Discussion
Performance evaluations
To determine suitable size of a CCE in number of REGs, the performance of PDCCH is evaluated for different parameters as introduced next,. One of the most important parameters is the DMRS density of NR-PDCCH. Based on the extensive study that we present in our companion contribution [4] we believe that a DMRS density of 33% is a reasonable design choice providing enough RS for good channel estimation while keeping the overhead reasonable. Moreover, it was also shown there that, in addition to 33% DMRS density, keeping two REGs together provides a good balance between channel estimation and frequency diversity. In the evaluations to determine the CCE size, we have used SFBC as the transmit diversity scheme, but the conclusions in this contribution are not expected to be any different if precoder cycling is used for transmit diversity instead of SFBC based on the evaluations presented in [5].
Considering the above, we have evaluated PDCCH performance for different number of REGs per CCE using the following assumptions:
· CCE of 4, 6 or 8 REGs 
· Aggregation level AL=8
· DCI sizes of 20 and 60 bits with 16 CRC bits
· DMRS density of 33% 
· X=2 contiguous REGs in a CCE
· SFBC as the TxD scheme
· Distributed transmissions

More detailed assumptions are provided in the Appendix.
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Figure 1: PDCCH BLER for SFBC TxD scheme with TDL A-30ns channel model@3 km/h, assuming aggregation levels AL=8, DCI with 20 bits and DMRS density of 33% with distributed transmission where X=2 REGs are kept together. Moreover, CCE of 4, 6 and 8 REGS with corresponding Nc clusters and coding rate r are considered.
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[bookmark: _Ref478140659]Figure 2: PDCCH BLER for SFBC TxD scheme with TDL B-300ns channel model@3 km/h, assuming aggregation levels AL=8, DCI with 20 bits and DMRS density of 33% with distributed transmission where X=2 REGs are kept together. Moreover, CCE of 4, 6 and 8 REGS with corresponding Nc clusters and coding rate r are considered.
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Figure 3: PDCCH BLER for SFBC TxD scheme with TDL A-30ns channel model@3 km/h, assuming aggregation levels AL=8, DCI with 60 bits and DMRS density of 33% with distributed transmission where X=2 REGs are kept together. Moreover, CCE of 4, 6 and 8 REGS with corresponding Nc clusters and coding rate r are considered.
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Figure 4: PDCCH BLER for SFBC TxD scheme with TDL B-300ns channel model@3 km/h, assuming aggregation levels AL=8, DCI with 60 bits and DMRS density of 33% with distributed transmission where X=2 REGs are kept together. Moreover, CCE of 4, 6 and 8 REGS with corresponding Nc clusters and coding rate r are considered.
The evaluations show that there is generally a gain in performance as the CCE size is increased and that in most cases, the difference between a CCE size of 4 REGs and 6 REGs is much larger than the difference between CCE sizes of 6 and 8 REGs. It should be noted that a value of 4 REGs per CCE with a 33% pilot density results in only 32 REs being available to transmit the payload of the NR-PDCCH in a CCE. This is less than that available in LTE and is clearly more likely to result in worse performance than for the PDCCH in LTE with an aggregation level of 1 where only one CCE is used. For instance, the code rate with a payload of 60 bits would be 15/16. Therefore, if viable performance with only one CCE is desired, then using only 4 REGs per CCE is not an option.
Considering the use of 6 REGs per CCE, we observe from the figures that the performance obtained with aggregation level 8 is acceptable. For instance, Figure 2 shows that with 6 REGs per CCE, an SNR of roughly – 5dB is adequate to achieve a BLER of 1%. This is similar to the coverage provided by LTE in an ETU channel. Therefore, the use of 6 REGs per CCE is a viable option for NR. 
If the number of REGs per CCE is further increased to 8, the evaluations show that there is a performance gain of slightly more than 0.5 dB in some cases. However, this gain in performance comes at the cost of greater overhead which can reduce multiplexing capacity. The benefit of incurring another 33% overhead for delivering the NR-PDCCH for another 0.5 dB gain is most likely outweighed by the cost due to increased blocking, increased latency, and lower user data rates. Therefore, when the total system performance is considered, the use of 6 REGs per CCE is the better choice. 
Proposal: A CCE should consist of 6 REGs for the NR-PDCCH

Conclusions
The size of a CCE for carrying an NR-PDCCH was discussed in this contribution. Evaluations were presented for CCE sizes of 4, 6 and 8 REGs. The following was proposed.
Proposal: A CCE should consist of 6 REGs for the NR-PDCCH
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Appendix
[bookmark: _GoBack]In RAN1#88, the following agreement was made on the evaluation assumptions selection of TxD schemes [3]. Moreover, it was recommended to harmonize the evaluation assumption for other PDCCH related evaluations with the below agreements when possible. Hence, the link level simulation parameters used for the NR-PDCCH performance evaluations in this contribution are aligned with the following agreement and listed in Table 1.
Agreements:
· Evaluation assumption guidelines for down selection of TxD scheme for DL control channel:
· Aggregation levels: 1, 2, 4, 8 (Proponents can evaluate higher aggregation levels in addition, e.g., 16, 32)
· DCI size: 20 and 60 bits + 16 bit CRC
· CCE size: Proponents can choose within the agreed initial estimate of 4 to 8 REGs per CCE
· Practical channel estimation
· MMSE for reference, other schemes can be evaluated in addition 
· Proponents should state assumptions on 
· Number of RS used for interpolation in time and frequency
· PRB bundling assumption
· Antenna configurations and correlations corresponding to models at carrier frequencies of 4 GHz and 30 GHz (Prioritize 4 GHz)
· DMRS density 33% (other densities can be evaluated in addition)
· Number of OFDM symbols for transmission of PDCCH: 1 (companies may additionally evaluate for other values)
· Subcarrier spacing: 15 kHz (Other subcarriers spacing may be evaluated in addition)
· Channel model
· TDL-A, TDL-C
· Delay spread 30 ns, UE speed 3 km/h, (proponents can also evaluate 70 and 500 km/hr)
· Delay spread 300 ns, UE spread 3 km/h
· Delay spread 1000 ns, UE spread 3km/h

[bookmark: _Ref477421090]Table 1: Link level simulation parameters
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Control Resource Set Bandwidth
	20 MHz

	Sub-carrier Spacing
	15 kHz

	DCI Payload Size
	20 and 60 bits

	Modulation
	QPSK

	Channel Coding
	Tail-biting Convolutional Code as in Rel-8

	Aggregation Level
	8

	Number of OFDM symbols for  NR-PDCCH
	1

	Channel Model 
	TDL-A, Delay spread 30 ns, UE speed 3 km/h
TDL-B, Delay spread 300 ns, UE spread 3 km/h

	gNB antenna configuration 
	2Tx, 2 Rx

	UE antenna configuration
	1Tx, 2Rx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal

	Transmission Scheme
	SFBC
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