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1. Introduction
For NR-PDCCH transmission, one-port transmit diversity scheme has been confirmed [1-3] as transmission scheme. Related working assumptions and agreements are summarized as follows. To further enhance the reliability and coverage of DL control channel, PMI feedback assisted close-loop single-layer precoding could also be considered for NR PDCCH. Some evaluation results and performance gain have been presented in [4].
	Agreements:
· Transmit diversity scheme for DL control channel is supported.

· FFS; SFBC or precoder-cycling, etc

· Other schemes are not precluded

· FFS number of antenna ports (1 or 2)

· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs

· FFS;  if the fixed number is configurable
Working assumption:
· 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

· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels 
Agreements:

· Confirm working assumption:

· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3

· FFS on DMRS pattern


2. Discussion
In LTE, CSI acquisition depends on periodic or aperiodic CSI reporting from UE, including CQI, PMI, PTI, and RI. The granularity of CSI reporting could be wideband or subband of data channel. In NR, similar CSI reporting procedure has been discussed. As one port transmission scheme is agreed for DL control channel, it comes directly that the PMI reporting based on data channel can be used for the control channel. 
It is known that the PMI computation actually is based on a rank index (RI). Specifically, at the terminal that RI is looped and PMI corresponding to a codebook is looped, and then the sum-rate or CQI for each RI and PMI is computed. Based on sum-rate maximization or other principles, the CSI parameters, such as RI, PMI and CQI, could be identified. Thus, if the RI is identical to be 1, the PMI corresponds to a vector, which could be directly applied to NR-PDCCH. Under the case of multi-layer feedback from data transmission, the PMI corresponds to a matrix, which cannot be used for NR-PDCCH directly.  
Multiple ways can be used for vector selection form the a multiple layer codeword. Note that it may also depends on  antenna port and specific codebook design. For example, the 2 antenna port codebook is presented in Table 1. If a 2-layer PMI is reported, i.e., RI is 2 and codebook index (PMI) is 1 or 2, one way of transmission scheme for the DL control channel could be randomly precoding with 2 vectors within the reported 2-layer codeword.    
Table 1 LTE codebook with 2 antenna port
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Besides randomly precoding, a vector at the fixed position of a reported 4-layer codebook can be used for DL control channel. LTE 4-antenna port codebook is presented in Table 2. We see that the single-layer codebook is a subset of multiple-layer codebook, and the first column vector in the multiple-layer codeword is identical to the vector of 1-layer codeword. Thus, the first column vector in the multiple-layer codebook could be selected as the precoder for the DL control channel directly.   
Table 2 LTE codebook with 4 antenna port
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Selecting a fixed or a random vector from reported multi-layer codebook does not require additional signaling. This just relates to the implementation on gNB side and can be transparent to UE. But it would cause some performance loss inevitably compared with PMI assisted beamforming. One explicit way is to indicate multiple CSI feedback for a UE that UE always report a rank-1 CSI besides the CSI feedback based on data transmission. It no doubt will increase additional UE complexity and overhead of air signaling. Alternatively, additional signaling accompanied with PDSCH PMI feedback can be used to indicate the chosen vector for NR-PDCCH. Specifically, the PMI of data channel corresponds to a matrix from a multi-layer codebook, and a few bits is used to indicate a vector from the reported matrix as the precoder for the DL control channel. The number of required bits depends on the value of RI. For instance, if RI equals four, two bits are needed.

Proposal: FFS if additional bits are needed or not for PMI feedback of control subband.
3. Performance evaluation 

In Fig. 1, we evaluate the BLER performance of PMI assisted transmission scheme and precoder cycling for NR-PDCCH. PMI assist means that additional bits are needed to indicated a single codebook vector for NR-PDCCH transmission. The simulation assumptions are summarized in Appendix. We can see that PMI assisted transmission scheme provides obvious gain over random precoding. Specifically, with high channel correlation (i.e., very low CSI feedback delay compared with channel correlation time), nearly 2-4dB gain could be achieved. 
Observation: PMI assisted transmission scheme for NR-PDCCH provides obvious gain compared with percoding cycling.
For LTE, there are two CQIs for rank 2 PMI. An eNB can choose the precoding vector associated with better CQI for single rank control channel transmission. However, in NR, there is only one CQI for rank 2~4 PMI, which would be difficult for eNB to determine which precoding vector corresponds to better channel quality, and hence difficult to implement rank overriding. Therefore, it is more necessary to indicate PMI for rank overriding in NR than in LTE.
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Figure 1 BLER comparison of PMI assisted transmission scheme and precoder cycling
4. Conclusions 
In this contribution, we discuss the PMI feedback for unicast NR-PDCCH, with following proposal:
Proposal: FFS if additional bits are needed or not for PMI feedback of control subband.
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Appendix

	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

	Channel estimation
	MMSE

	Channel measurement
	Real measurement using wideband CSI-RS

	CSI-RS delay
	1ms/10ms/20ms/40ms [UE speed: 3km/h]


