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Introduction
In the last meeting [1], it was agreed that transmit diversity scheme for DL control channel should be supported. The Tx diversity scheme can be divided 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 and SFBC and SCDD in the context of UE-specific-RS. For control channel RS positioning and estimation performance related discussion, please refer to [2].
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
Discussion
The performance comparison of different control channel diversity schemes presented in this document is conducted with the following parameters, which, we believe, are the most representative for typical UE-specific control resource set (CORESET) or search space that uses UE-specific RS. Tx diversity for common CORESET that uses common/shared-RS is not covered in this contribution.
	Parameter
	Value

	Channel profile
	TDL-C 100ns and 300ns

	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 = 1PRG in a single OFDM symbol)

	Number of symbols
	1

	subcarrier spacing
	30KHz

	CORESET BW
	17.28MHz
576 REs = 12*6*8 REs (can accommodate one AL8)

	RS overhead
	1/2 1/3 1/4

	Coding
	TBCC list=1

	Channel Estimation
	One-shot narrow band channel estimation 

	Channel estimation bundle-size == minimum resource allocation unit
	1,2,3 REGs (1REG = 1PRG 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
	400ns



	SCDD
RS density per port
	SFBC
RS density per port
	PDCCH REs 
per CCE (RS excluded)
	Code rate @ AL1

	
	
	
	DCI = 50 (w CRC)

	1/2
	1/4
	36
	0.69

	1/3
	1/6
	48
	0.52

	1/4
	
	54
	0.46



Tx diversity and RS density study
The RS-density and diversity scheme results are presented in Section 5, from which the following observations can be made
Observation 1: 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
· At AL 2, SCDD is better than SFBC
· by a small margin if the bundle size > 1PRB
· by a larger margin if the bundle size = 1PRB
· At AL1, SCDD with 1/3 and 1/4 RS density is better than SFBC
· by a small margin if the bundle size > 1PRB
· by a larger margin if the bundle size = 1PRB

 Observation 2: From the RS density results in Section 5, for SCDD, we can make the following observations
· At AL 8 and AL 4, 1/2, 1/3, and 1/4 RS density yield similar performance
· At AL 2, 1/4 and 1/3 RS density yield similar performance and are better than 1/2-RS density
· The gap between 1/2-RS density and 1/3&1/4-RS density is small (~0.3dB)
· At AL 1, 1/4 and 1/3 RS density yield similar performance and are better than 1/2-RS density 
· The gap between 1/2-RS density and 1/3&1/4-RS density is large (~2.0dB) as AL1 is more coding-gain hungry

[bookmark: _GoBack]Note that even though the evaluations are based on TBCC, the results are in general more or less independent of the exact channel coding scheme. 
Based on these observations, we come up with the following proposals:
Proposal 1:  For control-resource-set/control-search-space that uses UE-specific RS, single-port diversity scheme (e.g., SCDD) should be adopted.
Proposal 2:  For control-resource-set/control-search-space that uses UE-specific RS, 1/4 RS density should 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. We present the REG bundle size comparison in Section 6, from which the following observations can be made.
Observation3: From the bundle size study in Section 6, for SCDD, we can make the following observations
· At AL 8 and AL 4, 3-PRB-bundling and 2-PRB bundling yield similar performance is better than 1-PRB bundling by 0-0.6dB (depending on RS-density and delay spread)
· At AL 2, 3-PRB-bundling and 2-PRB bundling yield similar performance is better than 1-PRB bundling by 0-0.3dB (depending on RS-density and delay spread)
· At AL 1, 1,2,3-PRB bundling yield similar performance

From the above observation, we reach the following proposal
Proposal 3:  For control-resource-set/control-search-space that uses UE-specific RS, 2-REG bundling should be adopted.
Conclusions
In this contribution, we have discussed and evaluated two transmit diversity schemes: SFBC and a single port Tx diversity (small-delay CDD) assuming UE-specific CORESET/search-space with UE-specific-RS. Tx diversity for CORESET/search-space that uses common/shared-RS is not covered in this contribution. The following observations and proposals have been made:
Observation 1: 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
· At AL 2, SCDD is better than SFBC
· by a small margin if the bundle size > 1PRB
· by a larger margin if the bundle size = 1PRB
· At AL1, SCDD with 1/3 and 1/4 RS density is better than SFBC
· by a small margin if the bundle size > 1PRB
· by a larger margin if the bundle size = 1PRB

 Observation 2: From the RS density results in Section 5, for SCDD, we can make the following observations
· At AL 8 and AL 4, 1/2, 1/3, and 1/4 RS density yield similar performance
· At AL 2, 1/4 and 1/3 RS density yield similar performance and are better than 1/2-RS density
· The gap between 1/2-RS density and 1/3&1/4-RS density is small (~0.3dB)
· At AL 1, 1/4 and 1/3 RS density yield similar performance and are better than 1/2-RS density 
· The gap between 1/2-RS density and 1/3&1/4-RS density is large (~2.0dB) as AL1 is more coding-gain hungry

Proposal 1:  For control-resource-set/control-search-space that uses UE-specific RS, single-port diversity scheme (e.g., SCDD) should be adopted.
Proposal 2:  For control-resource-set/control-search-space that uses UE-specific RS, 1/4 RS density should be adopted.
Observation3: From the bundle size study in Section 6, for SCDD, we can make the following observations
· At AL 8 and AL 4, 3-PRB-bundling and 2-PRB bundling yield similar performance is better than 1-PRB bundling by 0-0.6dB (depending on RS-density and delay spread)
· At AL 2, 3-PRB-bundling and 2-PRB bundling yield similar performance is better than 1-PRB bundling by 0-0.3dB (depending on RS-density and delay spread)
· At AL 1, 1,2,3-PRB bundling yield similar performance

Proposal 3:  For control-resource-set/control-search-space that uses UE-specific RS, 2-REG bundling should be adopted.
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Figure 1 1-PRB bundling; Delay spread = 100ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread] Dashed lines are SFBC, solid lines are TTD 
[image: ]
Figure 2 2-PRB bundling; Delay spread = 100ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread] Dashed lines are SFBC, solid lines are TTD 
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Figure 3 3-PRB bundling; Delay spread = 100ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread] Dashed lines are SFBC, solid lines are TTD
[image: ]
Figure 4 1-PRB bundling; Delay spread = 300ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread] Dashed lines are SFBC, solid lines are TTD
[image: ]
Figure 5 2-PRB bundling; Delay spread = 300ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread] Dashed lines are SFBC, solid lines are TTD
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Figure 6 3-PRB bundling; Delay spread = 300ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread] Dashed lines are SFBC, solid lines are TTD

[bookmark: _Ref474084152]Appendix: TTD bundle size comparison
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Figure 7  TTD ½-RS density, delay spread = 100ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread]
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Figure 8 TTD 1/3-RS density, delay spread = 100ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread]
[image: ]
Figure 9 TTD 1/4-RS density, delay spread = 100ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread]
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Figure 10 TTD 1/2-RS density, delay spread = 300ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread]
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Figure 11 TTD 1/3-RS density, delay spread = 300ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread]
[image: ]
Figure 12 TTD 1/4-RS density, delay spread = 300ns. Legend = [AggLevel, PerPortRS_spacing, BundleSize, DelaySpread]
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