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1. Introduction

In RAN1 #88 held in February 2017, the following agreements have been made on the concept of NR- PDCCH structure [1], 
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
And in RAN1 adhoc NR January, the following agreements about search space were made [2],
Agreements:
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s)
· A NR-CCE is defined in fixed number of REGs
· FFS: Different REGs can be in the same or different symbols depending on REG to NR-CCE mapping
· FFS: NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE
· FFS: REG to NR-CCE mapping within a control resource set is frequency first, time first or gNB configurable
· FFS: Down selection of REG to NR-CCE mapping
· E.g. K can be 1, 2, 4, or 8, etc

In this contribution, we will discuss NR PDCCH structure, mainly on the number of CCEs to form one PDCCH. Based on the evaluation results and analysis, proposals are made.
2. Discussion on NR-PDCCH structure
Regarding to the number of REGs per CCE, it depends on the contents of DCI. According to the agreement of RAN1#88, the REG number per CCE can range from 4 to 8, then the number of REs available for PDCCH transmission in one CCE can be from 32 to 64, assuming 4 REs for DMRS in one REG. For the minimum 4 REGs per CCE case, 20bits DCI with 16bit CRC can be transmitted within one CCE if the SNR is good enough. If the payload of the DCI increase, how many REGs constitute a CCE needs to be further discussed. It is too earlier to determine such structure at this stage. More decision on the information carried by the DCI are necessary to determine the CCE structure.

For the number of the CCEs in one PDCCH (e.g. aggregation levels), some principle on the coverage requirement is necessary to determine the AL. The largest aggregation levels (AL) needs to be able to cover the UEs worst coverage. In the following, we will discuss a methodology to analyse the coverage requirement of NR on PDCCH based on link budget. Then provide some example design for the required largest ALs based on simulation to satisfy the coverage requirement. 
2.1 Coverage requirement of PDCCH based on link budget
Link budget is a simple and effective method to obtain the required SNR at cell edge. Since 3.5 GHz is a solid candidate for 5G frequency band and has attracted a lot of attentions from mobile network operators, we here show the coverage requirement of 3.5 GHz as an example. 

It is cost effective for operators to reuse existing sites for NR systems. One typical inter-site distance is around 500 m and the cell radius is around 333 m. In order to serve UE at the edge of such cells, PDCCH should be decodable when UE is 333 m away from the base station. Hence, when designing the PDCCH, the minimum decodable SNR should be no higher than PDCCH’s achievable SNR at the edge of cell with typical cell radius. An example link budget for 3.5 GHz NR PDCCH and corresponding parameters are provided in the following table.

According to the link budget, cell edge SNR requirement for 2Tx&2Rx diversity NR PDCCH transmission is -7dB for 15KHz subcarrier spacing. Namely, to satisfy Indoor Inter-Site Distance(km) of 0.5km, the required SNR for PDCCH should be more than -7dB. 

Proposal 1: To determine the number of REGs per CCE and the maximum number of ALs, the required SNR of the cell edge UEs needs to be considered. It is suggested to study the required SNR of cell-edge UEs for decoding PDCCH by link budget.
Table I: Link budget of 3.5 GHz NR PDCCH with SCS of 15 KHz

	1
	AntennaConfig.
	gNB: 64Tx
UE: 4 Rx

	2
	TX Power (dBm)
	46

	3
	RBs
	100

	4
	Subcarriers bandwidth(KHZ)
	15

	5
	Tx Power/Subcarrier (dBm)
	14.2 

	6
	Transmission Line Loss (dB)
	0.5

	7
	 Antenna Gain (dBi)
	9.0

	8
	Transmit Diversity Gain (dB)
	0.0

	9
	Receive Diversity Gain (dB)
	3.0

	10
	Smart Antenna Gain(dB)
	15

	11
	Thermal Noise (kT) (dBm/Hz)
	-174.0 

	12
	Noise Figure (dB)
	7

	13
	 Noise Power per subcarrier (dB)
	-125.2 

	14
	SNR for MCS Level - 1% BLER(dB)
	-7 

	
	System Margin

	15
	Fast Fade Margin (dB)
	0.0

	16
	Shadow Fading Margin (dB)
	11.6

	17
	Interference Margin (dB)
	5.0

	18
	Penetration Loss (dB) (Dense Urban/Urban)
	17

	19
	OTA(dB)
	6

	20
	MS Body Loss (dB)
	3

	21
	Terminal Loss (dB)
	0

	22
	Total System Margin (dB)(Dense Urban/Urban)
	42.6

	23
	Indoor Maximum allowable Path Loss(Dense Urban/Urban)
	131.35 

	
	Propagation Model/Inter-Site Distance/Cell Radius

	24
	Frequency (MHz)
	3500 

	25
	Base station antenna height (m)
	35

	26
	Subscriber Unit antenna height (m)
	1.5

	27
	Propagation Model
	Cost231 Hata Propagation Model

	28
	Propagation Environment
	Dense urban/Urban

	29
	Indoor Cell Radius (km)
	0.33 

	30
	Indoor Inter-Site Distance(km)
	0.50 


Followings should be noted regarding the SNR thresholds,

1. The antenna configuration of UE is 4 Rx, which is a UE with high capability. If for low-capability UE with two or single receive antenna, the required SNR needs to be updated accordingly.
2. It should be noted that the SNR thresholds obtained in Line 14 of Table I is for 2Tx&2 Rx diversity transmission. That is why the Smart Antenna Gain(dB) for base stations with 64 Rx antenna is 15 dB and Receive Diversity Gain (dB) is 3dB for 4RX UE, as given in Line 10 and 9; 
3. The 15dB smart antenna gain has considered the beams weeping for control channel. If such design is not configured, the smart antenna gain needs to be decrease accordingly.
4.
Cost231-Hata model is used here for simplicity. Should other propagation model to be adopted, modification can be made correspondingly.
5.
The results is for 3.5 GHz frequency band, the requirements for higher frequency bands are expected to be stricter, since higher penetration loss and path loss are expected.

Proposal 2: To calculate the required SNR for cell-edge UE by link budget, it is necessary to further discuss and determine the assumptions applied in link budget. 

2.1 Preliminary evaluation on the required PDCCH structure to ensure coverage
Base on above SNR requirement, some LLS evaluations are made to compare the performance of different PDCCH structures, in terms of REGs in one CCE and the ALs. The following cases are considered in the evaluation.
· Case 1: a baseline case, LTE PDCCH mapping, that is 9 LTE-REG (with 4 RE per REG) in one CCE, and AL=8.

· Case 2: 4 NR-REGs in one CCE, and AL=8, 16;  
· Case 3: 5 NR-REGs in one CCE, and AL=8, 16;
· Case 4: 6 NR-REGs in one CCE, and AL=8, 16;
Note: Each NR-REG is with 12 REs, in which 4 REs are used for DMRS, and 8 REs are for PDCCH transmission;
REG-to-CCE mapping is supposed to be localized, the CCE to PDCCH mapping is in distributed manner, and the transmission scheme is SFBC. Simulation parameters are given in table 1.

Table I
Simulation parameters
	Parameters
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-C, DS = 300ns
Speed = 3kmph

	Antenna configuration
	2*2

	Bandwidth
	20Mhz

	PDCCH payload
	20/60+16(CRC)

	coding
	TBCC

	Modulation
	QPSK

	Channel Estimation
	Practical 

	Transmission scheme
	SFBC


The results are shown in figure.1, it can be seen that,
1) For case 2 (4 NR-REGs in one CCE) with AL=8, the performance is worse than the case 1( LTE PDCCH). This is because in case 2, the number of REs available for one CCE is 32, which is less than LTE PDCCH.
2) For case 3(5 NR-REGs in one CCE) with AL=8, the performance is also worse than the case 1( LTE PDCCH). For the case 3, the number of REs available for one CCE 40, which is larger than that of LTE PDCCH. This is because the design of LTE PDCCH mapping can fully exploit the diversity gain, and the channel estimation of LTE-PDCCH is based on CRS, which is a full bandwidth channel estimation. For the case3, the channel estimation is only based on the limited available control resource set. 
3) Based on the current evaluation assumption, it is shown in Fig. 1 that, to satisfy the requirement SNR as -7dB calculated in Section 2.1, aggregation level 8 is not enough and large aggregation level such as 16, 32 may be need. Thus it is suggested to allow NR have the flexibility to support larger ALs to meet coverage requirement.
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Figure 1. performance comparison of different REG numbers and ALs

It worth note that the exact required ALs needs further study based on the following aspects:

· The required REGs in one CCE, which is mainly determined on payload in DCI;
· The required SNR for cell-edge UE to decode PDCCH with required reliability;

· More evaluations with more refined evaluation assumptions, such as channel coding to be replaced by Polar coder, more other channel models and UE speed, etc.
Proposal 3: To design the allowed ALs, unified considerations of the three aspects are recommended: 1) The required REGs in one CCE, which is mainly determined on payload in DCI; 2) The required SNR for cell-edge UE to decode PDCCH with required reliability; 3) More evaluations with more refined evaluation assumptions.
4. Conclusions 
In this contribution, we discussed the design principle for PDCCH structure including the REGs per CCE and the aggregation levels. The following proposals are made:
Proposal 1: To determine the number of REGs per CCE and the maximum number of ALs, the required SNR of the cell-edge UEs needs to be considered. One methodology to study the required SNR of cell-edge UEs for decoding PDCCH is by link budget.

Proposal 2: To calculate the required SNR for cell-edge UE by link budget, it is necessary to further discuss and determine the assumptions applied in link budget. 

Proposal 3: To design the allowed ALs, unified considerations of the three aspects are recommended: 1) The required REGs in one CCE, which is mainly determined on payload in DCI; 2) The required SNR for cell-edge UE to decode PDCCH with required reliability; 3) More evaluations with more refined evaluation assumptions.
References

[1] “RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting #88, Feb. 2017.
[2] Chairman's Notes RAN1_NRadhoc_final, 3GPP TSG RAN WG1 Meeting NR Ad-Hoc, Spokane, USA, 16th – 20th January 2017

