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1. Introduction

In RAN1 Adhoc Jan, agreements were reached about supporting multiple beam operation in DL control channel design [1]:
Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
UE can be configured to monitor multi-beam transmission in different NR-PDCCH OFDM symbols to get robust PDCCH reception. Repetition is another way to improve reception performance. In this contribution, the coverage enhancement performance is compared between wide beam repetition and beam sweeping transmissions, and proposals are made. 
2. Evaluation of coverage enhancement performance
In our contribution [2], it can be seen that if the existing LTE sites are used for NR systems, PDCCH demodulation performance needs to be enhanced to meet the same coverage as LTE. For common search space where UE specific beamforming cannot be used, beam sweeping, larger aggregation levels(AL) and repetition can be used as candidate methods to improve demodulation performance. Larger ALs related aspects are discussed in [2], in this contribution, some link layer evaluations are provided to compare the demodulation performance of repetition and beam sweeping transmission.
Here, AL=4 CCEs are considered, antenna configuration for gNB and UE is 8T2R. For simplicity, only 8 horizontal TxRUs are considered here. Other simulation parameters are shown in table.1
Table 1
Simulation parameters
	Parameters
	Value

	Carrier frequency
	4GHz

	Channel model
	CDL-C, DS = 100ns
CDL-E, DS=300ns
Speed = 3km/h

	Antenna configuration
	8T2R

	Bandwidth
	20MHz

	PDCCH payload
	60+16(CRC)

	Channel coding
	Polar

	Modulation
	QPSK

	Channel Estimation
	realistic

	Transmission scheme
	precoder cycling


For repetition case, four versions of PDCCH are transmitted within 2 OFDM symbols, as illustrated in figure.1. 6 REGs for each CCE are distributed in one OFDM symbols. 8 horizontal TxRUs are virtualized into 2 antenna ports with each antenna port to be transmitted with a wide beam as 3dB beamwidth equal to 65°, and with proper design, there is no power loss during the 8 to 2 virtualization.
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Figure. 1 repetition structure for evaluation
For beam sweeping transmission, the DFT beam directly pointing to the strongest cluster is adopted here as in [3]. In order to see the UE performance which doesn’t located in the center of DFT beam, the performance under DFT beam offset of +10°and -10°to the strongest cluster are also provided.
Performance comparison is shown in figure.2. CC and IR combining are also compared for repetition transmission, and it can be seen that IR has about 0.5dB gain than CC combining. Comparing the performance of repetition and beam sweeping, it can be seen that:

· For CDL-C channel, which is the channel with NLOS propagation, repetition transmission with IR has about 2dB gain than beam sweeping transmission. 
· For CDL-E channel, which has a dominant LOS path, beam sweeping has 1dB gain than repetition transmission with IR.
For beam offset of +10°and -10°to strongest cluster,
· For CDL-C channel, the demodulation performance of beam sweeping with +10°and -10°are similar or worse than the performance of beam sweeping without beam offset. Therefore, for UEs whose locations are not in the direction of beam center, repetition transmission can provide better coverage performance than beam sweeping transmission
· For CDL-E channel, the demodulation performance of beam sweeping with +10°and -10°offset are around 1.4 dB worse than no beam offset case at 0.01 BLER, and similar or even worse than repetition transmission
[image: image2.wmf]-10

-5

0

0.01

0.1

1

 

 

BLER

SNR(dB)

 

repetition-CC

 

repetition-IR

 

beam sweeping

 beam sweeping(+10)

 beam sweeping(-10)

DCI60 CDL-C

[image: image3.wmf]-14

-12

-10

-8

-6

1E-3

0.01

0.1

1

 

 

BLER

SNR(dB)

 

repetition-CC

 

repetition-IR

 

beam sweeping

 beam sweeping(+10)

 beam sweeping(-10)

DCI 60 CDL-E 


Figure. 2 performance comparison between repetition and beam sweeping 
From the above analysis, it can be seen that beam sweeping mainly provide performance gain for LOS channel and since it is hard to always make sure LOS condition for macro coverage, it seems repetition is more robust than beam sweeping in coverage enhancement.
Proposal 1: support repetition transmission for NR-PDCCH to improve coverage.
To support repetition transmission of NR-PDCCH, UEs need to know the starting position of PDCCH transmission and also the number of repetitions to perform combining. This can be realized by cyclically numbering the available control channel resources in each SS burst set periodicity. For example, suppose that there are 4 actual SS block transmissions in each SS burst set periodicity, then all the available PDCCH candidate resources are numbered as 0,1,2,3,0,1,2, 3, …. The starting position of common control channel will always be 0 and repeated in resource 1,2 and 3 if repetition is configured. In this way, UE will do combining for continuous resources numbers 0,1,2 and 3 and check whether PDCCH are transmitted. Such numbering method can be applied for both repetition transmission and beam sweeping transmission. 
Proposal 2. To support repetition transmission of NR-PDCCH, UEs need to know the starting position of PDCCH transmission and also the number of repetitions to perform combining, which can be realized by cyclically numbering the available control channel resources in each SS burst set periodicity.
3. Conclusions 
In this contribution, link level coverage performance is compared between wide beam repetition and beam sweeping transmissions, and proposals are made:
Proposal 1: support repetition transmission for NR-PDCCH to improve coverage.

Proposal 2. To support repetition transmission of NR-PDCCH, UEs need to know the starting position of PDCCH transmission and also the number of repetitions to perform combining, which can be realized by cyclically numbering the available control channel resources in each SS burst set periodicity.
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