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1. Introduction
In RAN1 #88, among other agreements on DL control channel design, specifically the following agreements [1] on evaluation assumptions for transmission diversity schemes of DL control channel have been reached: 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
· 


This contribution provides our evaluation results with the above agreements, and presents our view on the transmit diversity scheme for NR-PDCCH. The general aspects on transmission schemes of NR DL control channels are discussed in [2].
2. Discussion
It has been agreed in RAN1 that transmit diversity shall be supported for NR DL control channel. Currently two transmit diversity schemes, namely SFBC and per-RE precoder cycling are considered for further evaluation. From achieved transmit diversity point of view, based on the well-known principle of space-time block codes (STBC), SFBC can achieve the maximum transmit diversity. Since STBC/SFBC always requires a pair of input transmit symbols to create the output coded block, this constraint causes some difficulty when applying STBC/SFBC to the data stream with odd/uncertain number of input symbols. In LTE, due to the rate matching around those legacy LTE signals, EPDCCH at a given aggregation level, has an uncertain number of available REs in a PRB. This makes it hard to apply SFBC to EPDCCH. As such, per-RE precoder cycling has been adopted as the transmit diversity scheme for EPDCCH. It is clear that STBC/SFBC can achieve better transmit diversity than per-RE precoder cycling. For example, in case of 2 transmit antenna, STBC/SFBC can achieve transmit diversity of order 2 for each allocated RE, however each RE is transmitted from only one antenna port by per-RE precoder cycling scheme. 
To compare the performance of SFBC and per-RE precoder cycling, simulations based on the agreed evaluation assumptions above have been conducted. The detailed simulation parameters are described in Table 1 in Appendix. As described in the table, each CCE is comprised of 6 REGs which are located in adjacent PRBs with 1 control symbol. The DMRS patterns of each CCE is illustrated in the Fig. 1. The performance of NR-PDCCH with different aggregation levels (ALs) and transmit diversity schemes are illustrated in Figs. 2 to 7. Specifically NR-PDCCH with 4 ALs, namely AL1, AL2, AL4 and AL8, are simulated. The resource mapping methods of localized transmission presented in [2] are used to form NR-PDCCH with different ALs.
[image: ]
Figure 1. DMRS patterns in a REG. Colored REs represent the DMRS. Index of DMRS stands for the antenna port index.
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	(a) DCI 20 bits
	(b) DCI 60 bits



Figure 2. SFBC vs. precoder cycling, 1 control symbols, time-first REG-CCE mapping, TDL-A, 30 ns
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	(a) DCI 20 bits
	(b) DCI 60 bits



Figure 3. SFBC vs. precoder cycling, 1 control symbols, time-first REG-CCE mapping, TDL-A, 300 ns
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	(a) DCI 20 bits
	(b) DCI 60 bits



Figure 4. SFBC vs. precoder cycling, 1 control symbols, time-first REG-CCE mapping, TDL-A, 1000 ns
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	(a) DCI 20 bits
	(b) DCI 60 bits



Figure 5. SFBC vs. precoder cycling, 1 control symbols, time-first REG-CCE mapping, TDL-C, 30 ns
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	(a) DCI 20 bits
	(b) DCI 60 bits



Figure 6. SFBC vs. precoder cycling, 1 control symbols, time-first REG-CCE mapping, TDL-C, 300 ns
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	(a) DCI 20 bits
	(b) DCI 60 bits



Figure 7. SFBC vs. precoder cycling, 1 control symbols, time-first REG-CCE mapping, TDL-C, 1000 ns

As shown in Figs 2 to 7, due to the achievable maximum transmit diversity, the SFBC always exhibits similar performance or outperforms the per-RE precoder cycling.        
[bookmark: p1]Proposal 1: NR-PDCCH shall support space-frequency block codes as transmit diversity scheme. 
[bookmark: p8]In LTE, PDCCH supports transmit diversity with four transmit antenna ports by virtue of combination of SFBC and frequency switched transmit diversity, i.e., two pairs of REs in a REG are transmitted from 2 different transmit antenna pairs. To achieve same maximum order of transmit diversity, it is preferred that NR-PDCCH should also support transmit diversity schemes with 4 tx antenna ports. For example, two pairs of two transmit antenna ports can be alternatively used by the control RBs containing the allocated NR-PDCCH. Based on this approach, the performance of NR-PDCCH with 2 and 4 transmit antenna ports are illustrated in Fig. 8. As shown in Fig. 8, due to the additional transmit diversity, SFBC with 4 transmit antennas outperforms that with 2 transmit antennas.    

[bookmark: _GoBack][image: ]
Figure 8. 2 Tx antenna ports vs. 4 Tx antenna ports, 1 control symbol, SFBC, time-first REG-CCE mapping, 60 bits DCI, TDL-A, 300 ns
 
[bookmark: p2]Proposal 2: It is preferred that NR-PDCCH can support transmit diversity up to 4 antenna ports. The concrete scheme is FFS.  

3. Conclusions
Our proposals in this contribution are summarized as follows.
Proposal 1: NR-PDCCH shall support space-frequency block codes as transmit diversity scheme. 
Proposal 2: It is preferred that NR-PDCCH can support transmit diversity up to 4 antenna ports. The concrete scheme is FFS.  
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Appendix
Table 1. Link level simulation parameters
	Parameters
	Value

	Carrier frequency [GHz]
	4

	Channel model
	TDL-A, TDL-C
Delay scaling: 30ns/300ns/1000ns

	Channel coding
	TBCC 

	Number of gNB transmit antennas
	2 and 4

	Number of UE receive antennas
	2

	UE speed [km/h]
	3

	Numerology [KHz]
	15

	System bandwidth [MHz]
	20

	DCI payload size [Bits]
	20, 60

	RB allocations for control resource set
	[1:48]

	Number of control symbols
	1

	Number of REGs/CCE
	6

	REG-To-CCE
	Time-first

	Aggregation levels
	1, 2, 4 and 8

	Transmission scheme
	2 Tx: SFBC 
4 Tx: SFBC within PRB, antenna pair cycling cross PRBs;
per-RE precoder cycling (random precoder per PRB)

	Channel estimation
	MMSE, no averaging cross-PRBs 

	UE receiver
	MMSE
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