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Introduction
In RAN1#86, the discussion on multi-antenna scheme for new radio interface have been kicked-off.  For downlink transmission scheme, it is agreed in [1] that
· RAN1 to study transmit diversity for both data and control channels
· Aspects to related to QCL (if any), # of ports, polarizations, etc.
· Demodulation reference signal for transmit diversity, if supported, could be
· UE-specific RS (if supported by NR)
· Shared (by two or more UEs)-RS (if supported by NR)
· Other types of RS are not precluded
To support of rotatable UE with beamforming in NR, it is agreed in [1] that
· Study impacts of UE movement, rotation and/or channel/beam blockage w.r.t. following aspects
· UE/TRP beam change 
· CSI mismatch from CSI reporting instance to data transmission instance
· Study at least the following techniques under the consideration of UE movement, rotation and/or channel/beam blockage including
· Beam management of UE/TRP Tx/Rx beams
· Transmission/reception techniques to provide more robustness (e.g. semi-OL MIMO transmission, beam cycling, beam broadening)

[bookmark: _GoBack]A high-level discussion on transmit diversity and various open-loop (OL) transmission schemes was presented in [2] in RAN #86. In this contribution, we discuss more details about single-point Semi-OL MIMO transmission schemes in NR.
Discussion
It has been demonstrated in LTE that the system can benefit from various MIMO schemes including close-loop spatial multiplexing, open-loop spatial multiplexing, transmit diversity, etc., depending on the availability of channel state information (CSI) at the TRP. In NR, large scale antenna array is equipped at the TRP, and the system is expected to improve user experience in versatile deployment scenarios with a wide range of UE speed. In order to achieve this goal, it is required to have accurate CSI at the TRP. However, in some scenarios, having accurate CSI feedback may be a challenging issue.  For example, in high mobility scenarios, the precoding matrix indicated by a short-term/subband PMI may be outdated due to the latency in PMI reporting and the channel decorrelation. With the outdated precoder, the beamforming gain decreases and the reported CQI becomes overestimated. These negative effects are detrimental to the system performance. Hence, it is essential to study open-loop (OL) schemes that are robust to the channel aging effect.  
Transmitter structure with precoder cycling
There are various types of OL and Semi-OL schemes, such as SFBC, small cyclic delayed diversity (SCDD) and precoder cycling. All of them can be elaborated using a unified framework as illustrated in Figure 1. First, the codewords are mapped to layers. This part is identical to LTE. Then, each layer is mapped to multiple UE RS ports by an explicit precoder, while the UE RS ports are formed by an implicit precoder. Mathematically, the transmitted signal can be expressed as

where  is the subcarrier index,  is an  implicit precoder,  is an  explicit precoder,  is the data vector with  layers, while ,  stand for the number of antenna elements, the number of UE RS, respectively.
· The implicit precoder is transparent to the UE, and the same precoder is applied for both data and UE RS. It can be obtained via long-term RI and PMI feedback (similar to the W1 matrix for Release 13 Class A UE), CRI feedback (similar to Release 13 Class B UE). Alternatively, if UL-DL reciprocity is applicable, the TRP can obtain the DL channel via UL sounding signals and compute the implicit precoder based on the measurement result.
· The explicit precoder is non-transparent to the UE. To recover the transmitted data at the UE, the knowledge of the precoding matrix is required. The explicit precoder can be a mapping from layers to UE RS ports (e.g., SFBC), it also can be a co-phasing vector that combines the UE RS ports (e.g., co-phasing cycling).


Figure 1.  Open-loop spatial multiplexing using implicit and explicit precoding
Furthermore, to overcome the channel aging effect in high mobility scenario, it is essential to perform precoder cycling. The precoder cycling operates as cyclically applying precoders over a pre-defined set within a scheduled band or transmission period. The fundamental idea is exploiting beam diversity to average out the negative effect due to channel aging and frequency selectivity. For both implicit precoder and explicit precoder, the cycling granularity can be RE level or RB level. The implicit precoder cycling set captures the UE’s long term statistics, while the explicit precoder is designed to cycle over the short-term characteristics of the UE RS ports.
Next, we will discuss three candidate schemes, namely SFBC, small cyclic delay diversity (SCDD) and co-phasing cycling in details.
Transmit diversity
As agreed in last meeting, TxD over UE RS ports shall be considered. Specifically, the UE may report long-term CSI in terms of long-term/wideband PMI. The TRP may utilize the long-term CSI feedback or UL sounding result to form a beam (implicit precoders) with two UE RS ports. If multiple beams are formed, RE/RB level can be supported, which results in 4 or 2 UE RS ports respectively. Then, the explicit precoding (layer to UE RS ports mapping) can be performed based on SFBC or FSTD, depending on the number of UE RS ports. The option with 2 ports is elaborated in [2]. In this contribution, we provide more details on FSTD.
As shown in Figure 2, RE-pair level FSTD can be performed, which may provide more diversity gain than RB-level FSTD in Opt-1 in [2]. But it comes at the price of UE RS overhead. At least four UE RS ports need to be configured for a UE. It is worth noting that the two UE RS ports for SFBC may either come from two different beams or belong to the same beam. Specifically, as shown in Figure 3, opt 2.1 pairs the REs using the UE RS ports of the same beam; opt 2.2 pairs the REs using the same UE RS port index of different beams; opt 2.3 pairs the REs using different UE RS port of different beams. Opt 2.3 may provide the best performance as it exploits both the beam diversity and the port diversity.


Figure 2.  UE RS based SFBC with non-transparent FSTD.
One disadvantage of SFBC is that it requires even number of REs. When an RB is configured with odd number of CSI-RS signals, there are odd number of REs remaining for data transmission. In this case, one can avoid performing SFBC in this RB. An alternative way is to puncture one RE to have even number of RE, so as to perform SFBC. As OL transmission mainly targets at wideband transmission, such puncturing yields tiny spectral efficiency loss.
Proposal 1: Study the performance benefit of beam-cycling based FSTD with various types of layer-to-UE RS port mapping.
SCDD
One candidate scheme for OL spatial multiplexing is SCDD, which achieves RE level cycling for the implicit precoder. In this approach, the precoding matrix is gradually varied across subcarriers via applying different (small) cyclic delays on different antennas. The implicit precoder of SCDD can be expressed as

where  is the wideband precoding matrix obtained by long-term/wideband UE feedback or UL sounding result,  with  is the small phase offset applied to the th antenna port and the phase offset changes with subcarrier index, while  is a DFT matrix. When combined with beam cycling,  is changed every RB.
One advantage of SCDD is enabling better channel estimation using implicit precoding with one UE RS for rank-1 transmission. Besides, if SCDD is combined with wideband precoder cycling, channel estimation is performed per RB-basis as different precoders (i.e., ) are used in every two adjacent RBs.
Proposal 2: The NR MIMO shall support open-loop spatial multiplexing schemes, such as SCDD with UE RSs. Also, study performance benefit of SCDD with and without beam cycling.
Co-phasing Cycling
In [3], another OL spatial multiplexing scheme, so called co-phasing cycling, was introduced. In this approach, the explicit precoder is designed to cycle over a predefined co-phasing set, e.g.,  (similar to the W2 matrix in Release 13 for CLASS A UEs), to capture the short-term channel statistics. The co-phasing cycling can be performed on RE basis or on RB basis, and can also combine with the wideband precoder cycling.


Figure 3. RE-level co-phasing cycling.
Figure 3 illustrates an example. The implicit precoders, denoted by , cycle on RB-basis, while the explicit precoders, denoted by ,  and , cycle on RE-basis. Besides, it is worth noting that, compared to SFBC, co-phasing cycling needs the same number of UE RS ports for rank 1 transmission, but does not suffer from the orphan RE issue.
Proposal 3: To study performance benefit of co-phasing cycling using antenna ports with UE RSs. 
Performance analysis
In this section, we compare the throughput performance achieved by the aforementioned three schemes via link-level simulation and provide some insightful analysis. We assume a TDD based setup where the TRP obtains the DL channel via UL sounding. Besides, we consider an RB-level beam (explicit precoder) cycling for each scheme and each beam has two ports. The same explicit precoders are applied for SFBC (opt-1), co-phasing cycling, and the  matrix for SCDD. Other simulation parameters are given by Table 2 in the Appendix. 
[image: C:\Users\zhangyu\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\OHOM1579\reci_SRS4_CQIdelay.jpg]
Figure 4. Achievable throughput comparison among the three candidate schemes.
As shown in Figure 4, SFBC performs best among the three schemes. Co-phasing cycling performs similar to SCDD. An analysis on the spectral efficiency achievable by the three schemes are as follows. Let us assume the channels remain constant across four adjacent REs and let  and  denote the channels of UE RS port 1 and UE RS port 2 (in SFBC and SCDD), respectively. 
The average spectral efficiency of SFBC is .
For co-phasing cycling, let us denote the co-phasing factors by , ,  and . The average spectral efficiency is derived as 


The inequality is due to Jensen’s inequality. The last equality is because , ,  and  are uniformly distributed within . As shown, the spectral efficiency of co-phasing cycling is upper-bounded by the spectral efficiency of SFBC. The inequality is tight if the terms , ,  and  are equal to each other; otherwise, the inequality is loose. This fact indicates that:
· When  and  have low correlation and the SNR is low, the inequality is relatively tight. In this case, although the co-phasing vectors do not perfectly combine the UE RS ports, the cycling operation averages out the interference cross the UE RS ports (i.e., ). This fact allows the UE to see orthogonal UE RS ports after averaging post-equalizer SNR over a co-phasing cycle. 
· Strong spatial correlation between UE RS ports is detrimental to co-phasing cycling, as the co-phasing vector may cancel out the two UE RS ports at some tones. 
· Besides, as the inequality is loose at high SNR, SFBC is expected to have large gain over co-phasing cycling when there is a large number of antennas at the TRP (higher beamforming gain).
For SCDD, let us denote the subcarrier dependent small phase offsets by , ,  and . The average spectral efficiency is derived as 

The approximation is due to the fact that the small phase offsets changes slightly across four successive tones. Hence, compared to the spectral efficiency achieved by SFBC, there is a non-zero value in the logarithm. Hence, similar to SCDD is also sensitive to spatial correlation because the UE RS ports may cancel out each other.
Based on the above discussions, the key features of the three candidate schemes are summarized in Table 1.
Table 1  Summary of candidate schemes.
	
	Performance
	US RS ports overhead (Rank1 transmission)
	Drawbacks

	SFBC
	Best, spatial diversity
	≥2
	Orphan RE

	SCDD
	Similar to co-phasing cycling
	1
	Sensitive to spatial correlation

	Co-phasing cycling
	Similar to SCDD
	≥2
	Sensitive to spatial correlation


Observation 1: SFBC yields higher throughput performance than other rank-1 co-phasing cycling.
Observation 2: The performances of SCDD and co-phasing cycling are sensitive to spatial correlation
Proposal 4: Study the performance of OL spatial multiplexing schemes and TxD scheme from a various aspects, such as UE RS ports overhead, cycling granularity, practical channel estimation, sounding periodicity, CQI feedback latency.
[bookmark: _Ref378529477]Dynamic switching between transmission schemes
In LTE, for spatial multiplexing schemes there is a possibility for falling back to transmit diversity dynamically. The switching between close-loop and open-loop transmission has to be configured via RRC signalling. UE may suffer due to the latency of semi-static signalling. In NR, enabling the dynamic switching between close-loop and open-loop operation may provide more flexibility to the TRP and improve the user experience.
When a UE is switched from CL mode to the OL mode, the TRP no longer has the accurate knowledge of CSI and the transmission scheme has to be switched from subband spatial multiplexing to wideband beam cycling. In this process, the RI and CQI reported in the CL mode maybe outdated and the amount of retransmission requests may rise. Hence, to enable fast link adaptation, companies should strive to reduce the complexity of CSI measurement.
Proposal 5: The NR MIMO may consider dynamic switching between close-loop and open-loop operations in addition to dynamic switching between spatial multiplexing and transmit diversity. If supported, the CSI measurement complexity should be reduced.
Conclusions
In summary, we discuss high-level procedures of various DL MIMO transmission schemes.  We have following observation:
Observation 1: SFBC yields higher throughput performance than other rank-1 co-phasing cycling.
Observation 2: The performances of SCDD and co-phasing cycling are sensitive to spatial correlation
We propose
Proposal 1: Study the performance benefit of beam-cycling based FSTD with various types of layer-to-UE RS port mapping.
Proposal 2: The NR MIMO shall support open-loop spatial multiplexing schemes, such as SCDD with UE RSs. Also, study performance benefit of SCDD with and without beam cycling. 
Proposal 3: To study performance benefit of co-phasing cycling using antenna ports with UE RSs.
Proposal 4: Study the performance of OL spatial multiplexing schemes and TxD scheme from a various aspects, such as UE RS ports overhead, cycling granularity, practical channel estimation, sounding periodicity, CQI feedback latency.
Proposal 5: The NR MIMO may consider dynamic switching between close-loop and open-loop operations in addition to dynamic switching between spatial multiplexing and transmit diversity. If supported, the CSI measurement complexity should be reduced.
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Table 2  Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Tone Spacing
	35kHz

	FFT Length
	2048

	RB size (# of tones)
	16

	# of PDSCH RBs
	128

	Subfame duration
	0.5 usec

	SRS periodicity
	1 subframe

	Tx Antenna
	(4,4,2)

	Rx Antenna
	4 with x-pol

	Ant Correlation
	Medium (0.3 at both sides)

	Precoder type
	Reciprocal based

	Channel
	EVA

	Doppler
	300Hz

	Channel estimation
	Perfect
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