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1. Introduction & Background
Transmit diversity scheme provides NR-PDCCH better reliability. There was quite lengthy discussion on how to design the NR-PDCCH TxD scheme in RAN1#88 in Athens [1]. This contribution provides link-level performance for different TxD schemes and gives the proposal. These schemes mainly include the precoding cycling and SFBC.
2. TxD schemes description
2.1. Discussions
Currently, Precoding Cycling (PC) and SFBC are two kind of TxD schemes are candidates for NR-PDCCH. Due to their application in LTE system, it is of certain interests to introduce one of these schemes for NR.

Compared to LTE, there are some different factors need to be considered when down-select these two TxD schemes for NR-PDCCH:

(1) 2-port SFBC is used as LTE PDCCH TxD scheme. For LTE, CRS is always presence at PDCCH region as a wideband demodulation reference signal. This facilitates UE demodulation performance. However, for NR-PDCCH, the demodulation reference signal may not be applicable for wideband transmission. Therefore, the demodulation performance may be not as good as LTE, especially at low SINR region. PC has some advantages over SFBC from power boosting operation. Since PC can only use 1-port transmission, the remaining power for the other port can be used. 
(2) For RS mapped to 1-symbol NR-PDCCH, the time-domain interpolation was not possible. In that case, it will be quite difficult to estimate frequency error. However, LTE always has CRS to utilize for better estimation. Further studies are needed to compare the performance of PC and SFBC in such case.
2.2. Simulation Results
The simulation results are given as follows. And the simulation assumptions are provided in RAN1#88 meeting. Details are provided in the Annex A.
1. No PRB bundling
· For 8 -PRB, SFBC outperforms PC without about 1~1.5dB gain@1% BLER

· But for higher AL, e.g., 16 /32 PRB, the gain is much less, about 0.5 dB@1% BLER
· PC power boosting(3dB) out performs SFBC in all cases
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Case1: Localized resource allocation
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Case 2: Distributed resource allocation

Figure 1. SFBC vs PC without PRB bundling
2. PRB bundling for PC
For distributed resource allocation
· For higher AL (16PRB/32PRB), 2-PRB bundling outperforms 1-PRB bundling.
· For highest AL (32RB), 4-PRB bundling outperforms others.
· Propose to have different bundling size according to AL level, e.g., 
RB bundling size = number of RBs used for PDCCH / 8 ;
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Case 3: Distributed resource allocation

For localized resource allocation
· For 8PRB/16PRB), no obviously gain for PRB bundling

· For highest AL (32RB), 2-PRB bundling outperforms others at high SINR region, and 4-PRB bundling outperforms others at low SINR region.
· Propose to only support PRB bundling at high AL, e.g., AL = 4 or 8 with bundling size = 2 or 4.
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Case 4: Localized resource allocation
Figure 2. PC with PRB bundling
3. PRB bundling for SFBC
For distributed resource allocation
· For 8PRB/16PRB, 2-PRB bundling outperforms the others.

· For 32PRB, 4-PRB bundling outperforms the others.
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Case 5: Distributed resource allocation

For localized resource allocation
· For higher AL (16PRB/32PRB), almost 4-PRB bundling outperforms others.

· For low AL (8PRB), almost 2-PRB bundling outperforms others.
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Case 6: Localized resource allocation
Figure 3. SFBC with PRB bundling
3. Conclusion
From the simulation results in section 2, we have the following observations:
1. No PRB bundling
· For 8 -PRB, SFBC outperforms PC without about 1~1.5dB gain@1% BLER.
· But for higher AL, e.g., 16 /32 PRB, the gain is much less, about 0.5 dB@1% BLER.
· PC power boosting(3dB) out performs SFBC in all cases.
2. PRB bundling for PC
For distributed resource allocation
· For higher AL (16PRB/32PRB), 2-PRB bundling outperforms 1-PRB bundling.
· For highest AL (32RB), 4-PRB bundling outperforms others.
· Propose to have different bundling size according to AL level, e.g., 
RB bundling size = number of RBs used for PDCCH / 8.
For localized resource allocation
· For 8PRB/16PRB, no obviously gain for PRB bundling.
· For highest AL (32RB), 2-PRB bundling outperforms others at high SINR region, and 4-PRB bundling outperforms others at low SINR region.
· Propose to only support PRB bundling at high AL, e.g., AL = 4 or 8 with bundling size = 2 or 4.
3. PRB bundling for SFBC
For distributed resource allocation
· For 8PRB/16PRB, 2-PRB bundling outperforms the others.

· For 32PRB, 4-PRB bundling outperforms the others.
For localized resource allocation
· For higher AL (16PRB/32PRB), almost 4-PRB bundling outperforms others.

· For low AL (8PRB), almost 2-PRB bundling outperforms others.

Thus, the proposals are given as follows :
Proposal 1 : Power boosting of PC shall be considered. Details FFS.

Proposal 2 : For distributed resource allocation, PRB bundling shall be supported for either PC or SFBC.

Proposal 3 : For localized resource allocation :
· PRB bundling shall be supported for PC only for high AL.
· Larger bundling size results in better performance for SFBC, and bundling size FFS.
References
[1] RAN WG1#88 Chairman’s Notes.
[2] R1-1611254, “Details of the Polar code design”, Huawei, RAN1#87, Reno, USA 14th – 18th November 2016
Annex A. Simulation assumptions

Table A.1 Link-level simulation assumptions
	Parameter
	Assumption

	Bandwidth
	20 MHz

	Channel model
	3 Km/h, TDL-C, 300ns

	Channel estimation
	Ideal MMSE

	Resource allocation
	Only first-OFDM symbol are reserved for CCE mapping

	
	One PRB for one REG

	 Control Channel Payload
	60-bit payload, 16-bit CRC

	Coding scheme
	Polar Code [2]
Punctured and ordering scheme according to [2]

	Modulation Scheme
	QPSK, Max-log-likehood algorithm

	Subcarrier spacing
	15kHz

	Symbol length
	Normal CP 160Ts + 2048 Ts, Ts =1/30.72us 

	Antenna Model
	2 Tx, 2 Rx

	Reference signals
	See below

	Transmission scheme
	Precoder cycling per PRB, 2 Tx SFBC


Figure A.1 RS (1/3 overhead)
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