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1. Introduction
At the RAN1 January AH NR meeting, it was agreed that transmission diversity scheme for DL control channel is supported and the following agreements were achieved [1]:
	Agreements:
· Transmit diversity scheme for DL control channel is supported.
· FFS; SFBC or precoder-cycling, etc
· Other schemes are not precluded
· FFS number of antenna ports (1 or 2)
· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs
· FFS; if the fixed number is configurable


In addition, at the RAN1 #88 meeting, the common evaluation assumption was agreed to evaluate the performance of the candidate transmission diversity schemes.
	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



One remaining issue is to evaluate the candidate transmission diversity schemes fairly and then determine which transmission diversity scheme should be adopted for the DL control channel. In this contribution, we will provide the link level evaluation and analysis. 
2. Transmission diversity scheme(s) for DL control channel
For LTE PDCCH, SFBC (+ FSTD in case of 4 antenna ports) was adopted as the transmit diversity scheme. On the other hand, for LTE EPDCCH, random precoding (or precoder cycling) was adopted. For NR, these transmission schemes could be the baselines to be considered. 

Evaluated transmit diversity schemes are explained below.
Candidate 1: SFBC using two antenna ports. 
· One NR-CCEs contains 6 REGs and the size is 48 available REs
· NR-PDCCH is formed by distributed REG groups which consist of 3 localized REGs
· PDCCH rate-matching is carried out assuming there are RS REs for two antenna ports within each REG.
· Two REs close each other are used for space-frequency block-coding.
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Figure 1 Illustration of SFBC mapping
Candidate 2: Random precoding (beam-forming) per RB group (REG group) with one antenna port.
· One NR-CCEs contains 6 REGs and the size is 48 available REs
· NR-PDCCH is formed by distributed REG groups which consist of 3 localized REGs
· PDCCH rate-matching is carried out assuming there are RS REs for one antenna port only within each REG.
· gNB performs precoder cycling per REG group 
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Figure 2 Illustration of 1-port based random beam forming
 

Candidate 3: Random precoding (beam-forming) per RB group (REG group) with two antenna port.
· One NR-CCEs contains 6 REGs and the size is 48 available REs
· NR-PDCCH is formed by distributed REG groups which consist of 3 localized REGs
· PDCCH rate-matching is carried out assuming there are RS REs for two antenna ports within each REG.
· gNB performs precoder cycling per AP per REG group
· i.e., different precoder is applied to REs associated with different AP in the same REGs.
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Figure 3 Illustration of 2-port based random beam forming

3. Evaluation results
We evaluate the above 3 candidate transmission diversity schemes in TDL-A channel with various delay spread setting (Ds=30ns/300ns/1000ns). The other simulation parameters are set based on the agreed assumption during the last meeting. Table.1 summarizes the details

Table 1 Simulation parameters
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Figure 4 Performance comparison under Ds=30ns
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Figure 5 Performance comparison under Ds=300ns
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Figure 6 Performance comparison under Ds=1000ns
Fig. 4-6 represent the BLER performances with different transmission diversity schemes under the channel environment of delay spread of 30ns, 300ns and 1000ns, respectively. In each figure, performance for each aggregation level are plotted separately. 
Firstly, in most cases, it can be observed that 1-port based random beamforming outperforms the 2-port based random beamforming. With 1-port based random beamforming scheme, the RS density per port is twice of that in 2-port based random beamforming and then better channel estimation performance is obtained. On the other hand, 2-port based random beamforming could exploit additional beam diversity gain within each REG compared 1-port based random beamforming. However, for higher aggregation levels, such additional diversity gain is not visible since the channel estimation accuracy is dominant, while for lower aggregation levels, beam diversity is no longer available because of the high coding rate for a given NR-PDCCH. Therefore, 1-port based random beamforming achieves better performance than the 2-port based random beamforming. 
Secondly, in all cases with different delay spread, it can be observed that SFBC outperforms both 1-port based random beamforming and 2-port based random beamforming in low aggregation level i.e., aggregation level of 1 CCE and 2 CCE while with the increase of aggregation level, the gain fades away. For higher aggregation level, the performance of random beamforming is better than that of SFBC. In addition, with the increase of delay spread, the performance gain of random beamforming over SFBC in high aggregation level increases. 


Observations
· 1-port based random beamforming outperforms 2-port random beamforming 
· SFBC outperforms random beamforming in the case of high SINR 
· Random beamforming shows better performance than SFBC in the case of low SINR and the gain over SFBC increases with the increase of delay spread

According to the above results and discussion, it is clear that random beamforming shows better performance in the cases requiring high aggregation level i.e., aggregation level of 4 and aggregation level of 8. These scenarios are the typical use cases for transmission diversity schemes, e.g., transmission of common control information. In addition, UE-specific beamforming is to be supported anyway, adopting random beamforming for transmission diversity scheme could ensure the common structure with the UE-specific beamforming. In addition, random beamforming could work well even in the control resource set with a narrow bandwidth since precoder cycling in time-domain is still available to exploit the diversity gain. Considering these benefits, we propose to support the 1 port based random beamforming as the transmission diversity scheme for NR-PDCCH. 

Proposal
· 1-port random-BF/precoder-cycling is supported as the transmission diversity scheme for NR-PDCCH.
· FFS:  necessity of wideband RS
4. Conclusion
In this contribution, the performance of different transmission diversity schemes is evaluated under different channel condition. Based on the evaluation, the following observations are obtained. 
Observations
· 1-port based random beamforming outperforms 2-port random beamforming 
· SFBC outperforms random beamforming in the case of high SINR 
· Random beamforming shows better performance than SFBC in the case of low SINR and the gain over SFBC increases with the increase of delay spread

[bookmark: _GoBack]Proposal
· 1-port random-BF/precoder-cycling is supported as the transmission diversity scheme for NR-PDCCH.
· FFS:  necessity of wideband RS
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Parameter Value

Carrier frequency 4GHz

Channel model TDL-A

System bandwidth 20M Hz

Subcarrier spacing 15k Hz

CP overhead 6.6%

UE speed 3km/h

Antenna configuration 2-by-2

DCI  60+16

Channel coding TBCC

Receiver Channelestimation-based

Channel estimation MMSE

Waveform CP-OFDM

Phase-noise Not modelled
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