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Introduction
In the last meeting, it was agreed to evaluate different TxD schemes for down-selection. We divide the TxD schemes into two categories,
· Two-port diversity: Space-frequency block code (SFBC)
· Single-port diversity[footnoteRef:2]: small cyclic-delay diversity (SCDD); single-port precoder cycling [2:  The term “single-port” is from UE-perspective. In other word, single-port diversity can be viewed as a transparent diversity scheme.] 


In this contribution, we discuss and evaluate SFBC, SCDD and Precoder cycling. 
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
Discussion
The performance comparison of different control channel diversity schemes presented in this document is conducted with the parameters in Table 1 based on the evaluation assumptions in the last meeting.

Table 1: Evaluation assumptions for Tx diversity schemes of DL control channel
	Parameter
	Value

	Channel profile
	TDL-C 30ns, 300ns and 1000 nsec

	Number of BTS antennas
	2

	Number of UE antennas
	2

	beamforming scheme
	no beamforming

	Number of REGs(containing RS) for each CCE
	6 REGs (1 REG = 1PRB in a single OFDM symbol)

	Number of symbols
	1

	subcarrier spacing
	15KHz

	Control resource set (CORESET) BW
	17.28MHz
1152 REs = 12*6*8*2 REs (can accommodate 2 AL8)

	DCI Size
	20,60 (+ 16 bit CRC)

	RS overhead
	 1/3 

	Coding
	TBCC list=1

	Channel Estimation
	One shot MMSE Channel Estimation 

	Channel estimation bundle-size == minimum resource allocation unit
	2,3,6 REGs (1REG = 1PRB in a single OFDM symbol)

	Search Space
	Distributed search space (the minimum resource allocation units for each aggregation level are equally spread within the entire 17.28MHz CORESET)

	Amount of cyclic delay in case of SCDD
	800ns

	Precoders used for Precoder Cycling
	Chosen randomly from the set {[1,1],[1,j],[1,-1],[1,-j]} 



Tx diversity study
The Tx diversity scheme results are presented in Section 5. Realistic channel estimation was used in the study. Channel estimation was performed under the assumption of same precoder over the entire PRB bundle. Based on the results we can make the following observation
Observation 1: From the results in Section 5, we observe that SCDD shows better performance than Precoder Cycling across the aggregation levels, DCI sizes and RB bundling sizes considered. 
Observation 2: From the results in section 5, we can make the following observations regarding SFBC and SCDD comparison,
· At AL 8 and AL 4, SCDD is better than SFBC by >1dB across DCI sizes and delay spreads, in most of the scenarios except
· 6 RB bundling DCI payload size of 60bits where there is still a nonzero gain but 1dB
· 6 RB bundling DCI payload size of 20 bits, TDL-C 1000nsec where there is still a non-zero gain but < 1dB
· At AL 2, SCDD is better than SFBC
· At AL1, SFBC is better than SCDD for DCI size 60
· For DCI size 20 only for the 1000nsec delay spread SFBC is better, and SCDD wins in most of the other delay spreads. Note that DCI size 20 was intended for common control channel which is expected to be used with a larger aggregation level
Based on the above observations the winning candidate across several scenarios is SCDD which is a single-port diversity scheme, compared to SFBC a two-port scheme. 
Proposal 1:  For control-resource-set using narrowband RS, single-port diversity scheme (e.g., SCDD) shall be adopted.
REG bundle size study
REG bundle size determines the minimal resource allocation unit that is consecutive in frequency. At the UE side, it dictates the bandwidth of the channel estimation. The choice of the bundle size should strike the right balance between channel estimation performance and frequency diversity. UE channel estimation complexity should also be considered in RB bundle size determination.  We present the REG bundle size comparison in Section 6, from which the following observations can be made.
Observation 3: From the bundle size study in Section 6, for SCDD, we can make the following observations
· 2 ,3 – PRB-bundling have similar performance across Aggregation Levels 1, 2, 4 and 8
· 6 – PRB bundling has better performance than 2/3 PRB bundling for Aggregation Level 4,8
· But at the expense of increased channel estimation complexity
· From a channel estimation complexity perspective, and performance PRB bundling size of 2 or 3, are good candidates for NR-PDCCH
Conclusions
In summary the following observations and proposals have been made 
Proposal 1:  For control-resource-set using narrowband RS, single-port diversity scheme (e.g., SCDD) shall be adopted.
Observation 1: From the results in Section 5, we observe that SCDD is better than Precoder Cycling across the aggregation levels, DCI sizes and RB bundling sizes considered. 
Observation 2: From the results in section 5, we can make the following observations regarding SFBC and SCDD comparison,
· At AL 8 and AL 4, SCDD is better than SFBC by >1dB across DCI sizes and delay spreads, in most of the scenarios except
· 6 RB bundling DCI payload size of 60bits where there is still a nonzero gain but 1dB
· 6 RB bundling DCI payload size of 20 bits, TDL-C 1000nsec where there is still a non-zero gain but < 1dB
· At AL 2, SCDD is better than SFBC
· At AL1, SFBC is better than SCDD for DCI size 60
· For DCI size 20 only for the 1000nsec delay spread SFBC is better, and SCDD wins in most of the other delay spreads

Observation 3: From the bundle size study in Section 6, for SCDD, we can make the following observations
· 2 ,3 – PRB-bundling have similar performance across Aggregation Levels 1, 2, 4 and 8
· 6 – PRB bundling has better performance than 2/3 PRB bundling for Aggregation Level 4,8
· But at the expense of increased channel estimation complexity
· From a channel estimation complexity perspective, and performance PRB bundling size of 2 or 3, are good candidates for NR-PDCCH
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