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1. Introduction
RAN1 has discussed the transmission diversity schemes and related number of RS ports. There are several candidates are under consideration. The selection will be the basis for the PDCCH structure design, especially in the control resource set transmitting common control.  
This contribution considers the several potential schemes:  2port SFBC, 1 port precoder cycling, 2port precoder cycling and 1 port sCDD. Simulation results are provided under the parameters given in RAN1 meeting #88.
2. Applicability of mapping in PDCCH
It was discussed that both localized and distributed mapping of PDCCH should be studied. Then, both need evaluation with transmit diversity. For localized mapping and distributed mapping, channel estimation may have different performance. Distributed mapping will utilize frequency diversity for the case of unreliable channel quality indication. This would maximize the diversity of PDCCH. However, localized mapping make more compact resource allocation to allow better resource allocation of PDCCH.
Distributed mapping method will be more easily exceed reach the limit of control resource set shown in Fig.1 (Around 20 PRBs) as each REG already take 1 PRB in frequency. This might restrict applicability of distributed mapping. For convenience, 4 REGs per CCE are shown as example.
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Figure 1 Distributed and localized CCE for NR-PDCCH in the control resource set
3. Evaluation of transmit diversity
Link level simulation is conducted to compare different transmission diversity schemes. TDL-A channel model is used. Considering distributed and localized mapping schemes may be supported in NR, both are evaluated. Due to the simulation payload size, most of the cases are using 6 REGs per CCE.  
1.1 Simulation Assumption	Item
	Value

	Channel
	TDL-A, 
DS = 30ns, 300ns,1000ns
Speed = 3kmph

	Subcarrier spacing
	15kHz

	RS overhead
	33%

	Antenna
	2*2

	Numerology
	BW = 10Mhz, SCS = 15kHz, 50 RB

	Number of OFDM symbols for PDCCH
	1

	coding
	TBCC

	Modulation 
	QPSK

	Frequency
	4GHz

	Receiver
	MMSE

	Mapping scheme
	Localized/distributed

	Transmit scheme
	CASE1: 2 port SFBC

	
	CASE2: 1 port precoder cycling.
Each W for contiguous REGs.

Channel interpolation for all REG with same W.

	
	CASE3: 2 port precoder cycling.
2 W for every REG, Switching W for each RE within REG.

	
	CASE4: SCDD with LTE R8 SCDD.


1.2 Results of simulation1.2.1 Localized CCE Mapping
Figure 3.1 shows BLER vs SNR at different aggregation level while the mapping scheme is localized CCE mapping (LCM). From the Figure 3.1a, we can find CASE 4 at lower SNR range has good performance. In 0.01 BLER point, SFBC has good performance at lower aggregation level. Even increase 30 ns to 300 ns for Delay Spread, SFBC also has similar performance. 
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Figure 3.1a BLER vs SNR at aggregation level 1
From Figure 3.1b~d, we can also find results for lower code rates or higher aggregation levels. The performance gain of SFBC over precoder cycling and SCDD is very small in the case of small delay spread. SFBC even shows worse performance than precoder cycling and SCDD in the case large delay spread, because SFBC is more sensitive to channel estimation error.
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Figure 3.1b BLER vs SNR at aggregation level 2
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Figure 3.1c BLER vs SNR at aggregation level 4
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Figure 3.1d BLER vs SNR at aggregation level 8
For DS = 30ns, precoder cycling shows better performance than SCDD in small aggregation level. For DS = 300ns, precoder cycling and SCDD share almost the same performance. For DS = 1000ns, SCDD outperform precoder cycling. If SCDD and precoder cycling are considered, different schemes can be used in different situations. In that sense, a UE transparent way is preferred.
Observation 1: For higher code rate or lower aggregation level, SFBC shows performance advantages over precoder cycling and SCDD in the cases of both small and large DS.
Observation 2: For lower code rate or higher aggregation level, the performance gain of SFBC over precoder cycling and SCDD is negligible in the case of small delay spread. SFBC even shows worse performance than precoder cycling and SCDD in the case large delay spread due to the sensitivity to channel estimation error.
Observation 3: For DS = 30ns, precoder cycling show better performance than SCDD in small aggregation level. For DS = 300ns, precoder cycling and SCDD share almost the same performance. For DS = 1000ns, SCDD will outperform precoder cycling. If SCDD and precoder cycling are considered, different schemes can be used in different situations. In that sense, a UE transparent way is preferred.
1.2.2 Distributed CCE Mapping
Figure 3.2 compares BLER vs SNR for distributed CCE mapping (DCM) scheme with different DS values and aggregation level. 
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Figure 3.2a BLER vs SNR at aggregation level 1
As show in Figure 3.2a, higher code rate or lower aggregation level, SFBC also shows remarkable performance gain over precoder cycling and SCDD in the case of both small and large DS.
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Figure 3.2 b BLER vs SNR at aggregation level 2
Figure 3.2c and 3.2d are performance comparison of higher aggregation level. Similar trends are shown as that for LCM.
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Figure 3.2 c BLER vs SNR at aggregation level 4
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Figure 3.2 d BLER vs SNR at aggregation level 4

Observation 4: Transmit diversity schemes shows similar performance trends in Distributed CCE Mapping as that in Localized CCE mapping except that Precoder cycling and SCDD have very close performance.
4. Analysis
As shown in the evaluation results, SFBC outperform other schemes in lower aggregation level. However, the performance gaps are minimized when the aggregation level goes higher. 
CSS usually uses higher aggregation level. Therefore, SFBC is NOT support in CSS only case. SCDD/precoder cycling would be sufficient. For USS, SCDD and precoder cycling should be used in the case of high aggregation level. When gNB doesn't have stable CSI of UE, it usually uses higher aggregation level for that UE. After obtaining CSI, gNB can use lower aggregation level for that UE if channel quality is good enough. At this time SFBC seems a good choice according to above observation if transmission diversity is applied. However if gNB can have the knowledge of CSI, it can use closed loop precoding instead of SFBC. Thus, whether SFBC is needed should be further studied. Furthermore, for the precoding based scheme (SCDD, precoder cycling, closed loop precoding ), a UE transparent way can be achieved by that gNB select different schemes flexibly in different scenarios.
According to above analysis, we have the following proposals 

Proposal 1: At least SCDD and precoder cycling are supported as transmit diversity for NR-PDCCH in a UE transparent manner.
Proposal 2: Further study if SFBC can be supported for NR-PDCCH.
5. Conclusion
In this contribution, we done the evaluation for different transmit diversity schemes. Based on the results and analysis given above, we have the following proposals: 
Proposal 1: At least SCDD and precoder cycling are supported as transmit diversity for NR-PDCCH in a UE transparent manner.

Proposal 2: Further study if SFBC can be supported for NR-PDCCH.
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