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1 Introduction

In RAN1#85 meeting, the following agreements were achieved,

· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity,
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE

In this contribution, we discuss the transmission schemes and provide our views on the design of transmission scheme in NR.
2 DL transmission schemes for NR
From the transmission schemes in LTE systems, we can observe that

· From the view of signal robustness, transmit diversity schemes (e.g., TM 2 scheme since Rel. 8) have inevitably emerged as the main scheme due to their implementation ease and high reliability.
· From the perspective of spectral efficiency, closed loop spatial multiplexing schemes provide high spectral efficiency, which are suitable for the high data rate applications.
Spectral efficiency and signal robustness are still the major pursuits for NR, so transmit diversity and closed-loop spatial multiplexing shall play equally important or even more important roles in NR.
2.1 DL transmission paradigm for NR
From massive MIMO point of view, NR differs from previous release mainly in terms of having more antenna elements, more channel measurement ports and more spatial layers. The appendix illustrates the performance improvement with the increase of transmit antenna elements. As a consequence, NR transmission schemes shall be designed under a unified paradigm with more support of high-order-layer transmission. The paradigm shift to high-order-layer transmission started from TM9 in release 10 and in NR, it is expected that this would continue further. Base stations in NR should support multiplexing transmission schemes for different UEs in same time frequency resources. Base stations in NR then can serve as many UEs as possible and improve the system spectral efficiency as much as possible. Meanwhile, SU/MU support is still transparent to UEs.
As shown in Figure 1, a NR base station transmits multiple spatial layers towards three UEs. UE0 and UE1 take respective layers as virtual MIMO channels for diversity transmission, while UE2 takes its layers for stream multiplexing. UE0, UE1 and UE2 use different DM-RS ports for data demodulation.
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Figure 1 NR massive MIMO transmission paradigm with more support of scheme multiplexing
Proposal 1: Multiplexing transmission schemes for different UEs in same time frequency resources should be supported.
2.2 DL transmission schemes for NR
DL transmission schemes in NR can be categorized into two groups: 1) transmission schemes for signal robustness; 2) transmission schemes for spectral efficiency.

Multi-TRP transmission can be regarded as the extension case of single-TRP transmission schemes. This implies that the UEs are not aware whether it is receiving from multi-TRP transmission or single-TRP transmission. As the locations of these TRPs are different in multi-TRP transmission, streams from different TRPs suffer different transmission delays and Doppler shifts. It means ports used for transmitting UE-specific data and DM-RS, may not satisfy the Quasi Co-Location (QCL) constraint required in LTE. As a result, spatial multiplexing from different TRPs needs careful studying.
2.2.1 Transmission schemes for signal robustness 
A UE using legacy transmit diversity scheme in LTE needs to monopolize time-frequency resources, in which case the capability of high-order-layer transmission of massive MIMO is wasted. It will result in significant harm to system spectral efficiency. Therefore, NR needs a new transmit diversity scheme that supports spatial multiplexing while taking care of the targeting UE’s signal robustness. Beam based transmit diversity (BBTD) is such a new type of transmission scheme. Legacy transmit diversity scheme in LTE can be regarded as a special case of BBTD. There are following features for BBTD.
· UE-specific DM-RS ports for data demodulation are not precoded in the same way as the associated data transmission when BBTD is used.
· In the same time-frequency resource, a part of all available UE-specific DM-RS ports are used for diversity transmission. In other words, in the same time-frequency resource, one UE’s BBTD scheme can be multiplexed with other UEs’ transmission schemes.
Figure 1 illustrates how two UEs use two different parts of all available UE-specific DM-RS ports for BBTD transmission in the same time-frequency resource. Therein, “high signal robustness scheme” specifically denotes the BBTD transmission scheme.
BBTD can offer at least 3dB diversity gain over single-beam transmission for the targeting UE by involving at least two beams for transmitting diversity-precoded data. Besides, BBTD offers NR base stations the multiplexing capability between BBTD scheme(s) or between BBTD scheme and non-BBTD scheme, compared to legacy transmit diversity scheme in LTE. It significantly improves system spectral efficiency while taking care of specific UEs’ signal robustness. 
Proposal 2: Beam based transmit diversity scheme should be supported in NR for improving signal robustness and can be multiplexed with other transmission schemes.
Furthermore, beam based transmit diversity (BBTD) based on multi-TRP beam selection should be introduced in NR to improve signal robustness. It implies that beams for diversity-precoded data can come from different TRPs. Figure 2 shows beams for BBTD coming from multi-TRP beam selection.
Proposal 3: Beam based transmit diversity scheme based on multi-TRP beam selection should be introduced in NR.
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Figure 2 Beam based transmit diversity scheme based on multi-TRP beam selection
Beam based transmit diversity can be combined with the other techniques to further improve the performance in certain scenarios. Below are two examples applicable to high frequency (HF) deployments.
· Polarization diversity – HF channel taps are shown to have sparsity with clear polarization orientation [1]. As a result, polarization diversity can be done on top of beamforming especially in NLOS deployment scenario such that signal power coming from useful scatters can be effectively captured.
· Redundant beam based transmit diversity – HF channels can experience blockage. Redundant pairs from different transmit RF chains in the TX-RX beam pairs can be used to improve signal robustness. These redundant beams for transmission provide the robustness in the event some beams are blocked.
2.2.2 Transmission schemes for spectral efficiency
Both low frequency and high frequency channels, especially the former, are featured by slowly changing spatial characteristics. Hence, long-term CSI is enough for TRP to perform beamforming, or is enough to reduce the channel spatial dimension for closed loop spatial multiplexing transmission. 
Dynamic spatial dimension reduction (DSDR) [2] is a new two-level CSI acquisition scheme for closed loop spatial multiplexing transmission. First, the spatial dimension is reduced to a dynamic number smaller than TXRU number based on the level-1 CSI acquisition, represented by long-term wideband reciprocity information or long-term wide-band feedback information. This then facilitates the level-2 CSI acquisition, featured by low overhead feedback and low computational cost while acquiring short-term subband CSI. Figure 3 illustrates closed loop spatial multiplexing transmission with the support of the two-level DSDR CSI acquisition.
Proposal 4: Slowly changing channel characteristics should be exploited, and the CSI acquisition scheme of DSDR should be introduced in NR for closed loop spatial multiplexing transmission.
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Figure 3: Closed loop spatial multiplexing transmission with the two-level DSDR CSI acquisition
3 Integration of NR transmission schemes
In general, the different transmission schemes must support flexible transmission schemes switching in NR. Compared to the current LTE whereby transmission schemes are integrated into ten TMs, a lean and efficient framework of integrated transmission schemes with the following principles should be ensured: 
· The number of TMs should be minimized to facilitate dynamic switching between transmission schemes;
· CSI measurement and CSI feedback should be more decoupled from TM.
Integration of the various NR transmission schemes can be of two ways: non-single TMs and single TM. Features of non-single TMs are listed below.
· TM switching is supported by long-cycle high-layer signaling;
· A non-transmit-diversity TM includes at least one non-transmit-diversity scheme and beam based transmit diversity (BBTD) scheme. BBTD, instead of legacy transmit diversity scheme in LTE, is used as the “fallback” scheme;
· Measurement and feedback configuration needs both long-cycle high-layer signaling and short-cycle level-1 signaling support.
Non-single TMs is a moderate-change design, which has the following advantages:
· It balances use frequency of level-1 signaling and high-layer signaling;
· It makes BBTD take the “fallback” responsibility and does much less harm to system spectral efficiency compared to legacy transmit diversity scheme in LTE.
Meanwhile, it also has the disadvantage that fast transition is not feasible between transmission schemes in different non-transmit-diversity TMs. Figure 4 shows a non-transmit-diversity scheme fallbacks to BBTD scheme and vice versa in a non-transmit-diversity TM in NR. Note that legacy transmit diversity in LTE is a special case of BBTD.
[image: image4.png]“Scheme over non-cell-coverage beams
*Scheme CAN be multiplexed with other UES’ «
transmission schemes BBTD fcheme
“SINRimprovement comes from both

beamforming and transmit diversity. A

e versa

toBBTD  switching (tran:

UE)

Non-transmit-diversity scheme

“scheme over cell-coverage broad beam(s)

*Scheme CANNOT be multiplexed with other

UES’ transmission schemes

*SINR improvement comes ONLY from diversity.
Legacy transmit diversity

TE (AS A SPECIAL
870)





Figure 4 BBTD scheme as fallback scheme in a NR non-transmit-diversity TM
Features of single TM are listed below.
· Transmission scheme switching is supported by short-cycle level-1 signaling;
· Due to the fact of the single TM, there is no TM transition;
· Measurement and feedback configuration needs both long-cycle high-layer signaling and short-cycle level-1 signaling support.
Single TM has the following advantages.
· It makes transmission scheme switching faster and more flexible;
· It simplifies relevant high-layer signaling design.
Meanwhile, it also has disadvantages that single TM puts more use frequency on level-1 signaling at NR base stations and blind decoding complexity at UEs due to more transmission scheme switching.
For both non-single TMs and single TM, the unified layer-1 control signaling structure should be designed to support dynamic switching between transmission schemes in a TM.

Proposal 5: The number of transmission modes should be minimized with considering dynamic switching between different transmission schemes.
Proposal 6: Beam based transmit diversity should be used as “fallback” scheme in non-transmit-diversity TMs in NR.
4 Conclusions

Proposal 1: Multiplexing transmission schemes for different UEs in same time frequency resources should be supported.
Proposal 2: Beam based transmit diversity scheme should be supported in NR for improving signal robustness and can be multiplexed with other transmission schemes.
Proposal 3: Beam based transmit diversity scheme based on multi-TRP beam selection should be introduced in NR.
Proposal 4: Slowly changing channel characteristics should be exploited, and the CSI acquisition scheme of DSDR should be introduced in NR for closed loop spatial multiplexing transmission.
Proposal 5: The number of transmission modes should be minimized with considering dynamic switching between different transmission schemes.
Proposal 6: Beam based transmit diversity should be used as “fallback” scheme in non-transmit-diversity TMs in NR.
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Appendix
System simulation assumptions

	Attributes
	Values or assumptions 1
	Values or assumptions 2

	Scenarios
	Urban Macro
	Dense Urban

	Carrier frequency
	4 GHz

	System bandwidth
	10 MHz

	Channel model
	3D UMa
	3D UMi

	ISD
	500 m
	200 m

	BS antenna height
	25 m
	10 m

	BS antenna configurations
	(M, N, P, Mg, Ng) = (2,2,2,1,1) (4,2,2,1,1) (4,4,2,1,1) (4,8,2,1,1) (8,8,2,1,1) (8,16,2,1,1)

	UE antenna configurations
	8 RX ULA

	UE receiver noise figure
	9 dB

	Max Tx Power
	46 dBm
	41dBm

	UE distribution
	According to Table 6-1 in TR36.873, 80% indoor (3km/h), 20% outdoor (30km/h), 570 users in total (10 UE/sector)

	Polarized antenna modeling
	Model-1

	Traffic Model
	Full Buffer

	Transmission scheme
	Closed Loop Spatial Multiplexing

	Scheduler
	PF, SB (5RBs per RBG)

	HARQ scheme
	CC with up to 3 retransmissions

	OLLA
	Enabled

	Receiver
	MMSE-IRC
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Figure 5 DL cell-average spectral efficiency and 5%ile-user spectral efficiency for different number of transmit antenna elements
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