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In RAN1#88 meeting, agreement for transmission schemes of NR-PDCCH was made as follows;
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
In this contribution, we discuss transmission scheme for NR-PDCCH. Based on our simulation results, SFBC should be supported.
Discussion
For transmission scheme design of NR-PDCCH, robustness requirement for NR-PDCCH should be considered. 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. It is clear that SFBC can achieve better transmit diversity than single-port precoder cycling. A key advantage of precoder cycling is that it can be transparent to the UE when the same precoder is applied to both RS and control REs. Thus, any randomization or cycling of precoders is up to the gNB and can only be done at the PRB level. However, from channel estimation point of view, precoder cycling has poor channel estimation when the PRB can’t be bundled for channel estimation, while SFBC can get better channel estimation with bundled PRB. 
Observation 1: Single-port precoder cycling can’t exploit PRB bundling to get better channel estimation.
When accurate channel knowledge is not guaranteed at gNB side, precoder cycling is not suitable to support reliable and efficient control channel transmission due to unsuitable beamforming vector for the receiving UE. In order to support robust transmission scheme of NR-PDCCH, SFBC should be needed.
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Figure 1. RS pattern (a: SFBC, b: Precoder cycling)
For transmit diversity scheme, we evaluate and compare 1 port based precoder cycling and 2 port based SFBC schemes. For the former, frequency domain precoder cycling will be simulated. More specifically, 4 precoders , ,  and  are applied and changed per PRB. Regardless of precoder cycling and SFBC, the overhead of RS is assumed to be the same. (Figure 1 shows RS pattern for each scheme.) Figure 3 represents the comparison for BLER performances of SFBC and precoder cycling according to the SNR. The channel model is TDL-C with the RMS delay spread 30ns, 300ns and 1000ns. Channel estimation is MMSE and channel is estimated in every bundled PRB. (Figure 2 shows PRB bundling assumption for each scheme.) DCI size is assumed 36 bits (including 16 bit CRC) and TBCC is used as channel coding. For the aggregation level (AL), AL 1, 2, 4 and 8 cases are simulated which have 1, 2, 4 and 8 CCEs respectively. We assume that 1 CCE has 4REGs and 1 REG has 12 REs (including RS REs), and CCEs are allocated in the frequency domain in on OFDM symbol. The simulation assumptions described above and other detailed simulation setting are listed in Table 1.
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Figure 2. PRB bundling assumption (a: SFBC, b: Precoder cycling)
Figure 3 (a), (b) and (c) shows the BLER performances of two schemes according to the RMS delay spread 30ns, 300ns and 1000ns, respectively. It is obviously that the performance of SFBC is better than that of precoder cycling about 1~2 dB gain in the same BLER. Especially in the AL1, SFBC offers higher gain compared to precoder cycling. However, the BLER performances of precoder cycling becomes closer to the performances of SFBC when the higher AL and larger RMS delay spread are considered. 
Proposal 1: SFBC is supported as a transmit diversity scheme of NR-PDCCH
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Figure 3. The performances of two schemes in different RMS delay spread. 
Table 1. Link level simulation parameters
	Parameters
	Values

	Carrier frequency
	4GHz

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

	System bandwidth [MHz]
	20

	Subcarrier spacing [KHz] 
	15

	UE speed
	3km/h

	Antenna configuration
	2X2

	DCI payload
	20 bits + CRC 16bits

	Channel estimation
	SFBC: per CCE bundling for MMSE channel estimation
Precoder cycling: per PRB bundling for MMSE channel estimation

	Encoding scheme
	TBCC

	Resource mapping
	Localized REG-to-CCE mapping

	Number of control channel symbol
	1

	CCE aggregation level
	AL 1, 2, 4, 8
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In this contribution, we evaluate and compare 1 port based precoder cycling and 2 port based SFBC schemes for NR-PDCCH. According to the evaluation results, we have following observation and proposal:
[bookmark: _GoBack]Observation 1: Single-port precoder cycling can’t exploit PRB bundling to get better channel estimation.
Proposal 1: SFBC is supported as a transmit diversity scheme of NR-PDCCH
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