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1. Introduction
In the RAN1 meeting #87, several agreements regarding MIMO schemes were made as followings:
Agreements:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,
· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix
· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter
· Note: spatial multiplexing and rank-1 are included
· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix
· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers
· Note: DMRS can be precoded or not precoded
· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD
· Study the selection of transparent and/or non-transparent DMRS
· Transparent DMRS: DMRS and data precoded identically
· Non-transparent DMRS: DMRS  and data precoded differently
Motivation
In NR high frequency bands, channel aging impact, i.e. the channel variation between the CSI measurement instance and the data transmission instance, can be more severe because of increased Doppler, UE beamforming and rotation aspects, and bursty inter-cell interference such as the flash-light effect, resulting from poor cell isolation. In addition, RF impairments possibly cause a time-varying distortion (e.g. imperfect calibration between panel arrays). In this regard, diversity achieving MIMO techniques shall be essential in NR. Applying pure open loop (OL) MIMO may require additional techniques beside multi-antenna processing for compensating coverage at high frequency bands such as repetition and power boosting. These techniques however may not be a good approach for the data transmission targeting high spectral and energy efficiency. Accordingly, new diversity achieving MIMO techniques that can achieve moderate beamforming gain in addition to spatial diversity will be needed for NR.

Diversity achieving MIMO techniques for NR
· Long term channel information based beam/precoder cycling
CSI (Channel State Information) could be divided into long-term CSI and short-term CSI in terms of how fast the information is changing. Using short-term CSI can optimize the transmitted signal to the current channel, and thus maximize spatial multiplexing gain or beamforming gain. On the contrary, long-term CSI provides coarse information on the current channel, having a tendency to change slowly over short-term CSI. Especially, long-term CSI corresponding to a group of beams or beam directions can allow transmission to relatively wide region, so that it will be more robust to channel aging effect than full CSI based transmission. Therefore, if the validity of CSI at the transmitter is expected to be expired fast, it would be better to exploit long-term CSI instead of short-term CSI. 
For example, in DL FDD case, the beam/precoder cycling can be based on UE report, e.g. N preferred Tx beams. It can be W1 index (e.g. i1, i11, or i12 in LTE codebook) corresponding a group of high correlated multiple beams or multiple CRIs corresponding to multiple beamformed CSI-RS. 
Reporting preferred beam group, i1:
When dual structure codebook W1 and W2 are used, UE reports W1 corresponding to fat matrix composed of high correlated DFT vectors. As a result, beam cycling is applied within this restricted set of high correlated DFT vectors. If UE velocity is medium high, this semi-OL MIMO may be able to achieve meaningful gain over CL MIMO scheme. UE calculates CQI based on reported W1 and W2 cycling, whose pattern is predetermined or gNB indicates.
Reporting preferred vertical channel direction, i11/i12:
Given that typically UE moves slower in vertical direction than in horizontal direction, i12 corresponding vertical spatial domain, for example, is less likely to suffer from channel aging. As a result, even if UE velocity is high, closed loop precoding can be supported in vertical spatial domain and open loop beam cycling can be supported in horizontal spatial domain. After determining i12, UE reports i12 itself or i1 assuming i12 and a meaningless fixed i11, and calculates CQI based on reported i12 and based on i11 cycling and W2 cycling, whose pattern is predetermined or gNB indicates.
Reporting preferred multiple CRI:
In case of beamformed CSIRS, we also can consider CSI feedback enhancement using multiple ports, each of which is beamformed in different direction. For example, 4 beamformed CSIRS resources with single port are configured to UE and UE selects and reports 2 CSIRS resources (i.e., 2 ports) among the four and calculates CSI by applying OL MIMO on the selected 2 ports. With this CSIRS port aggregation, diversity gain can be achieved on the two beams that UE determines and reports.
Also, UE can use multiple CSIRS when deriving CQI by using CRI cycling. To be specific, UE estimates H1 and H2 from the two beamformed CSIRSs, respectively, and then derives a single wideband CQI assuming DL channel as H1 for even RBs and H2 for odd RBs. In this way, since different beams applied in each of the beamformed CSIRSs, UE can derive CQI reflecting diversity gain. Instead of calculating and reporting multiple CRI at UE side, eNB can indicate multiple beamformed CSIRSs for cycling.
In case of DL TDD, gNB can acquire N preferred Tx beams by receiving the uplink sounding reference signals assuming DL/UL channel reciprocity. In partial channel reciprocity conditions, it is also possible to choose N Tx beams whose directions are close to its best Rx beam direction. Utilizing the information on the N preferred Tx beams, the gNB can use beam cycling scheme to achieve the diversity in DL transmission. 
The same approach can also be considered for UL transmission. UE could use multiple favourable beams/precoders for UL transmission by applying each of them per given time/frequency resource.
· UE mobility information based beam/precoder cycling
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[bookmark: _Ref458801556]Figure 1. Beam determination based on mobility information
In cases of UEs on a train or a car on high way, UE’s movement may be predictable by the network. In this case, UE preferred narrow beam information may be inaccurate due to the high speed movement of UE. However, TRP could first group a set of beams by considering the UE’s movement (velocity, directivity, acceleration, etc.) as well as the preferred beam information. Then, beam cycling technique can be used within the beam group. In Figure 1, UE reports the best beam suitable to the current channel. Then, TRP chooses a group of beams by considering UE’s moving direction. The UE mobility can be measured either by TRP or UE using various techniques based on sensor information embedded in UE, a signal strength variation, and so on.
· Inter-panel phase cycling for alleviating impacts of time-varying RF distortions
If time-varying RF distortion is expected, one way to alleviate the negative impact is to randomize the components affected by the distortion. For example, if there is no phase calibration between panel arrays, the transmitter could apply random phases between panels when the phase distortion is time varying and unexpected. Also, CL/semi-OL MIMO operation can still be applied per panel in this case. With the same logic, this phase cycling scheme can be used in inter-TRP non-coherent JT.
Proposal #1: Beam/precoder cycling transmission technique should be considered in NR for both DL and UL, 
Proposal #2: The set of cycling beams/precoders can be narrowed down based on long-term channel information, UE mobility information (e.g., speed, direction, etc.) or gNB indication.
Transmission scheme
In terms of UE transparency, DMRS based transmission scheme is categorized to transparent scheme and non-transparent scheme. In case of transparent scheme, beam can be changed per the same resource unit as bundled DMRS resource unit so that beam cycling granularity is limited by DMRS bundling size. In order to achieve more diversity gain, transparent schemes require smaller DMRS bundling size at the cost of DMRS overhead or channel estimation performance. To be specific, in NR, DMRS bundling size smaller than RB [1] is studied and in this case, bundled RE level beam cycling is possible. Accordingly, the tradeoff between cycling granularity and DMRS overhead should be taken into account for transparent scheme.
Proposal #3: For transparent scheme, proper size of time/frequency resource for beam cycling needs to be determined by taking into account diversity gain and impact on DMRS design.
On the other hand, in non-transparent schemes, precoder can be changed per smaller resource unit such as RE than DMRS bundling size. However, DMRS port and data layer are no longer 1 to 1 mapping in this case and it needs more DMRS ports than transmission rank. For example, for rank 1 transmission with non-transparent scheme, at least 2 DMRS ports are needed, resulting in increasing DMRS overhead or DMRS power deboosting.
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Figure 2. Link level performance comparison under 6GHz for QPSK
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Figure 3. Link level performance comparison under 6GHz for 16QAM
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Figure 4. Link level performance comparison over 6GHz for QPSK
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Figure 5. Link level performance comparison over 6GHz for 16QAM

In Figure 2 to 5, we provide preliminary evaluation results on two non-transparent schemes; SFBC and RE-level precoder cycling with rank 1 restriction. In this link level simulation, we assume 2 port DMRS and Rel-8 LTE precoder are used for precoder cycling and ideal channel estimation. More detailed evaluation assumptions can be found in Appendix. It is observed that SFBC achieves slightly higher performance than non-transparent precoder cycling.
Observation 1: SFBC achieves slightly higher performance than non-transparent precoder cycling scheme.
With this observation, SFBC can be considered as one of candidate non-transparent OL/semi-OL MIMO schemes but transparent scheme with a proper DMRS bundling size should be compared in performance wise as well. Considering that transparent scheme simplifies UE implementation and uses a single DMRS port for rank 1 transmission, transparent scheme can be considered unless performance gap is not significant. In addition, for rank 2 OL/semi-OL MIMO, transparent scheme can be considered as well and for performance comparison with non-transparent scheme, DMRS bundling size smaller than one RB can be considered. Meanwhile, for higher rank than 2, the motivation for OL MIMO is not clear to us. Above 6GHz and X-pol antenna case, achievable rank is most likely to be up to 2 due to the large path loss of non-LOS channel component. Although rank can be higher than 2 when carrier frequency is below 6GHz, basically, OL-MIMO is mainly used when link adaptation is unstable due to high Doppler. Thus, we don’t see clear motivation to use OL-MIMO for high rank case. 
Proposal #4: Transparent scheme should be considered unless performance gap from non-transparent scheme is not significant.
Proposal #5: Primary design target of (semi-)OL MIMO is for rank 1 and rank 2 transmissions. 

2. Conclusion
In this contribution, we have studied the diversity achieving MIMO techniques and proposed as following:
Proposal #1: Beam/precoder cycling transmission technique based on semi-OL feedback should be considered in NR for both DL and UL, 
Proposal #2: The set of cycling beams/precoders can be narrowed down based on long-term channel information, UE mobility information (e.g., speed, direction, etc.) or gNB indication.
Proposal #3: For transparent scheme, proper size of time/frequency resource for beam cycling needs to be determined by taking into account diversity gain and impact on DMRS design.
Proposal #4: Transparent scheme should be considered unless performance gap from non-transparent scheme is not significant.
Proposal #5: Primary design target of (semi-)OL MIMO is for rank 1 and rank 2 transmissions. 
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Annex : Simulation Parameters and Assumptions
	Parameters
	Value

	System bandwidth
	10MHz (50RBs)

	Antenna configuration
	2 ports TX antennas (cross-polarization)
2 ports Rx antennas (cross-polarization)

	Channel model
	ITU UMa for under 6GHz
CDL-A for over 6GHz

	UE velocity
	120km/h

	Carrier Frequency 
	2GHz for under 6GHz
30GHz for over 6GHz

	Overhead
	2 PDCCH symbols per sub-frame

	Number of allocated PRBs
	20 PRBs scheduled for under 6GHz
50 PRBs scheduled for under 6GHz

	Channel estimation for demodulation and CSI estimation
	Ideal

	Receiver
	MMSE-IRC

	Rank adaptation
	Rank 1 fixed
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(B) Beams predicted by TRP
based on mobility information
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(A) Beamreported by a UE
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