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1. Introduction
In RAN1 meeting #88bis, per-RB precoding cycling (PC) was identified as a working assumption [1]:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS the bundling size

· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
In this contribution, we focus on DL closed loop single-stream precoding (i.e., beamforming) for NR-PDCCH with the same channel structure as PC. Specifically, UL Sounding RS (SRS) is used for DL channel matrix acquisition based on channel reciprocity in a TDD system. Performance comparison of beamforming and PC is provided with the impacts of non-ideal factors, such as real channel measurement, SRS delay, UE mobility and RF calibration error. Some observations are shown in Section 3, and conclusion is presented in Section 4.
2. Simulation assumptions
Table 1 summaries the simulation assumptions used in this contribution.

Table 1 Simulation assumptions

	Parameters
	Assumptions

	Carrier frequency
	4GHz

	System bandwidth
	40MHz

	Subcarrier spacing
	30kHz

	DCI payload size
	[60]bit + 16bit CRC

	Aggregation Level
	1/2/4/8

	PRB number per CCE
	6

	PRB bundling size
	3

	Resource mapping
	Distributed

	MCS
	QPSK

	Channel Coding
	Polar

	Channel model
	TDL-C [300ns]

	Antenna configuration
	2T 2R

	UE speed
	3km/h, 500km/h

	Channel estimation
	MMSE

	Channel measurement
	Real measurement using wideband SRS

	SRS delay
	1ms/10ms/20ms/40ms [UE speed: 3km/h]
50us/1ms/10ms [UE speed: 500km/h]


Some additional simulation details are presented as follows.
· Control duration: only 1 OFDM symbol is assumed.

· DMRS overhead: 2 REs are assumed for DMRS in one PRB and the pattern is shown in Figure 1.
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Figure 1 Illustration of control structure and DMRS pattern

· For beamforming computation, SVD based method is used, and the same precoder is used for one PRB bundling size (i.e., 3 consecutive PRBs are assumed).
· SRS delay: it denotes the time gap between UL SRS transmission and DL control transmission. Channel correlation coefficients for different SRS delay and different UE speed are summarized in Table 2.
 Table 2 Channel correlation coefficients under SRS delay and UE speed
	
	UE speed: 3km/h
	UE speed: 500km/h

	SRS delay: 50us
	1.0000
	0.9160

	SRS delay: 100us
	1.0000
	0.6709

	SRS delay: 1ms
	0.9988
	-

	SRS delay: 5ms
	0.9696
	-

	SRS delay: 10ms
	0.8794
	-

	SRS delay: 20ms
	0.5315
	-

	SRS delay: 40ms
	-
	-


Note 1: 50us corresponds to nearly 2 OFDM symbols with 30kHz subcarrier spacing.
Note 2: - (or no value) in the table denotes out of correlation between UL SRS and DL control. 
· RF calibration error [2] at BS: the combined DL MIMO channel matrix
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could be formulated as, 
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where
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is the UL channel matrix in TDD, 
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is the calibration error matrix expressed as below:
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(2)

The elements of calibration error are assumed to be i.i.d random variables. Moreover, amplitude calibration factor 
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is assumed to be of log-normal distribution, i.e. 
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, where the variance is assumed to be 1dB. And phase calibration factor 
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 is assumed to be of uniform distribution within 
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3. Performance evaluation
In Figure 2, the BLER performance of beamforming and per-RB based precoder cycling under distributed mapping is shown. Both low speed and high speed scenario are considered. We can see that closed loop single stream beamforming provides clear gain over open loop transmit diversity even with impacts of non-ideal factors. Specifically, with high channel correlation (i.e., very low SRS delay compared with channel correlation time), beamforming could give nearly 3-4dB gain compared with precoding cycling and the larger the aggregation level, the more gain the beamforming can achieve. No surprise that if SRS delay increases (i.e., channel correlation decreases), the beamforming gain reduces. But note that even if there is out of correlation between UL SRS and DL control, beamforming is still able to provides 1 dB gain for higher AL at both low mobility [3km/h] and high mobility scenario [500km/h].
We can also see that SRS delay should be nearly or lower than 50us/60us for good channel acquisition performance at high mobility scenario. 50/60us corresponds to nearly 2 OFDM symbol duration with 30kHz subcarrier spacing, and it means that SRS delay should be within 2 OFDM symbol duarion for achieving best beamforming gain. Self-contained slot structure allows this possibility but it no doubt imposes much pressure on the UE processing capability.
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Figure 2 Performance of Beamforming and Precoder Cycling (with calibration error)

Observation 1: Beamforming provides obvious gain compared with percoding cycling.
Observation 2: Even if out of correlation between UL SRS transmission and DL control transmission, beamforming may still provide some gain compared with precoding cycling with considering calibration error.

Observation 3: To achieve the best beamforming gain, SRS delay should be small enough to keep high channel correlation between UL SRS transmission and DL control transmission.


4. Summary
We evaluate beamforming and precoder cycling for NR PDCCH. Following observations and proposals are presented:
Observation 1: Beamforming provides obvious gain compared with percoding cycling. 

Observation 2: Even if out of correlation between UL SRS transmission and DL control transmission, beamforming may still provide some gain compared with precoding cycling with considering calibration error.

Observation 3: To achieve the best beamforming gain, SRS delay should be small enough to keep high channel correlation between UL SRS transmission and DL control transmission.
Proposal 1: UL SRS enabled DL beamforming operation should be at least supported for NR PDCCH. 

Proposal 2: SRS periodicity could be configured flexibly to achieve good beamforming gain. 
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