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1. Introduction

In RAN1#NR3, the following were agreed with respect to PDCCH precoder granularity [1]. In this contribution, the performance of one-port transmit diversity scheme is evaluated in various cases and we provide observations regarding PDCCH transmit diversity. This contribution is revised from R1-1715985 [2]. 

	Working assumption:

· For a CORESET, precoder granularity in frequency domain is:

· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET

· For ii), DMRS is mapped over all REGs within the CORESET.


2. Simulation Assumptions
The simulation assumptions are aligned with the evaluation assumption guidelines agreed in RAN1#88 as shown in Table 1. For one-port transmit diversity scheme, precoder cycling and SCDD are considered. 
· For precoder cycling, four precoders [1,1],[1,j],[1,-1],[1,-j] are cyclically used. 
· For SCDD, cyclic delay cases of 1 sample or 24 samples are considered. 

Interleaved REG-to-CCE mapping with 2-REG bundling for a 1-symbol CORESET is considered. If the configured precoder granularity in the frequency domain is REG bundle, the channel estimation for a RE is based on frequency domain interpolation of DMRSs within 2 bundled REGs. Otherwise, the channel estimation for a RE is based on frequency domain interpolation of DMRSs within available contiguous REGs in the frequency domain.
Table 1: Simulation Assumptions
	Attributes 
	Values or Assumptions 

	Carrier Frequency 
	4GHz

	System Bandwidth
	20MHz/10MHz/5MHz

	DCI Payload Size 
	76 bits (including 16 bits CRC)

	Modulation 
	QPSK

	Channel coding
	TBCC

	Sub-carrier spacing 
	15kHz

	Channel model 
	TDL-C (RMS DS 30ns/300ns/1000ns)

	BS antenna configuration 
	2Tx

	UE antenna configuration
	2Rx

	Transmission scheme
	Precoder Cycling, SCDD

	DMRS Density
	33% 

	Channel estimation 
	Frequency-domain interpolation (MMSE) within Bundled REGs


3. Simulation Results

In Figures 1, 2 and 3, the performance of precoder cycling and SCDD is compared, for the case that the configured precoder granularity in the frequency domain is REG bundle. Table 2 summarizes the required SINRs at 1% BLER in different cases. As a reference, the BLER under perfect channel estimation is also shown. It is observed that the performance of precoder cycling and 24-sample SCDD is almost same, and better than 1-sample SCDD. That means that the diversity gain due to 24-sample SCDD is similar as that of precoder cycling. With 1-sample SCDD, the phase change per subcarrier is rather small and frequency diversity gain is somewhat limited even for distributed CCEs. In low delay spread case (DS=30ns) with limited frequency selectivity, the performance degradation of 1-sample SCDD is about 1.2dB. In high delay spread case, the performance gap is about 0.3dB.
With practical channel estimation, precoder cycling always achieves best performance. The performance of 24-sample SCDD becomes worse than precoder cycling because of the relatively worse channel estimation accuracy from subcarrier level phase changes. Due to the limited diversity gain, the performance of 1-sample SCDD is the worst. The performance gap compared to precoder cycling reduces as the delay spread increases, with about 1.2dB, 0.4dB, and 0.2dB respectively for delay spread case of 30ns, 300ns, and 1000ns. 
It is noted that partly due to worse channel estimation than for PDCCH and partly due to the larger DCI size relative to LTE, an AL of 8 CCEs does not achieve 1% BLER at -6 dB SINR and an AL of 16 CCEs is expected to be needed to obtain a same coverage as in LTE unless fallback DCI formats with smaller DCI size are used for UEs with SINR around the 5% geometry CDF.   
Table 2: Performance comparison between precoder cycling and SCDD
	
	Required SINR @ 1% BLER (DCI Size=76 bits, CCE=6REG)

	
	TDL-C (DS = 30ns)
	TDL-C (DS = 300ns)
	TDL-C (DS = 1000ns)

	
	AL=2
	AL=8
	AL=2
	AL=8
	AL=2
	AL=8

	Perfect CH.
	Precoder Cycling
	2.4
	-4.8
	1.6
	-6
	1.1
	-6.3

	
	SCDD (24-sample)
	2.5
	-4.9
	1.4
	-6
	1.1
	-6.3

	
	SCDD (1-sample)
	3.6
	-3.6
	1.8
	-5.7
	1.4
	-6

	MMSE CH. Estimation
	Precoder Cycling
	3.5
	-2.6
	3
	-3.6
	3.2
	-3.3

	
	SCDD (24-sample)
	4
	-2.3
	3.1
	-3.4
	3.2
	-3.2

	
	SCDD (1-sample)
	4.8
	-1.3
	3.4
	-3.1
	3.4
	-3


Observation 1: With REG bundle based precoder granularity, precoder cycling outperforms SCDD. The performance of SCDD depends on the cyclic delay values and the channel environment.

When the precoder granularity in the frequency domain is the continuous RBs with wideband DMRS, it is possible to improve the channel estimation performance by utilizing more RSs. In Figure 4, the performance of precoder cycling and SCDD with 24 samples cyclic delay is further evaluated. A high aggregation level 8 CCEs is considered as it can be a typical case for common search space and, due to the low SINRs, it can show what the maximum gains from improved channel estimation can be. For precoder cycling, assuming that there is 4 segments in the CORESET, one precoder spans 25 REGs, and hence 4 different precoders can be all used in the CORESET. Considering the channel estimation implementation complexity, the DMRSs in 4 contiguous REGs are used for interpolation. With more number of contiguous REGs for channel estimation, the performance can be further improved.
With more available RSs for SCDD, it is observed that the SINR gain due to improved channel estimation is about 0.6~0.8dB at 1% BLER. For precoder cycling, channel estimation accuracy is also improved. In low delay spread case (30 ns), SCDD outperforms precoder cycling by 0.2dB. In high delay spread case (300 ns), precoder cycling outperforms SCDD by 0.3dB due to the increased frequency diversity. 
Observation 2: With larger precoder granularity and wideband DMRS, precoder cycling and SCDD achieve similar performance. 
In summary, for REG bundle based precoder granularity or larger precoder granularity but with multiple segments in the CORESET, precoder cycling can be a preferred diversity scheme which provides reasonable frequency diversity gain. The larger precoder granularity with a single segment in the CORESET, s ingle precoder may provide limited frequency diversity, and SCDD could be a proper option. Depending on the CORESET configuration, the selection of transmit diversity scheme for PDCCH transmission can be up to gNB implementation. 

Observation 3: It can be up to gNB implementation to select the PDCCH Tx diversity scheme, e.g., precoder cycling or SCDD.
4. Conclusions
In this contribution, the performance of different PDCCH Tx diversity schemes is evaluated by a set of simulations. The observations and proposal are as follows:

Observation 1: With REG bundle based precoder granularity, precoder cycling outperforms SCDD. The performance of SCDD depends on the cyclic delay values and the channel environment.

Observation 2: With larger precoder granularity and wideband DMRS, precoder cycling and SCDD achieve similar performance. 
Observation 3: It can be up to gNB implementation to select the PDCCH Tx diversity scheme, e.g., precoder cycling or SCDD.
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Figure 1: Precoder Cycling vs. SCDD, DCI size = 76 bits, CCE = 6 REGs, 2-REG Bundle, DS 30ns
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Figure 2: Precoder Cycling vs. SCDD, DCI size = 76 bits, CCE = 6 REGs, 2-REG Bundle, DS 300ns
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Figure 3: Precoder Cycling vs. SCDD, DCI size = 76 bits, CCE = 6 REGs, 2-REG Bundle, DS 1000ns
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Figure 4: Precoder Cycling vs. SCDD (DMRS vs. Common RS), 2-REG Bundle, AL=8
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