3GPP TSG RAN WG1 Meeting #87
R1-1611664
Reno, U.S.A, November 14-18, 2016
Agenda Item:
7.1.3.1 
Source:
Huawei, HiSilicon
Title:
Multi-panel based DL MIMO transmission
Document for:
Discussion and decision 
1 Introduction
In RAN1 #86bis, the following agreement has been achieved with regard to multi-panel structures at both TRP and UE sides [1].

Agreements:
· Study at least the following different multi-panel structures at both TRP and UE

· Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)

· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)

· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE

· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis
In this contribution, we discuss the DL coherent and non-coherent MIMO transmission with respect to the different antenna deployments, non-ideal calibration, receiver requirements, interference measurement and hypothesis, codeword to layer mapping etc.  Some initial simulation results are also provided.
2 Discussion on Coherent/Non-coherent MIMO transmission
For uniform panel array or non-uniform panel array with ideal synchronization (or small phase drift), legacy MIMO transmission mechanisms can be applied [2]. Moreover, coherent transmission can be conducted for such panel deployments to achieve spatial diversity gain. In this case, ports from different antenna panels may be assumed to be QCL, namely, single QCL assumption.
For non-uniform panel array or uniform panel array combined by independent antenna panels, it’s hard to achieve ideal inter-panel synchronization and calibration in practice, especially when the antenna panels have independent clock. Also, antenna ports from different panels would experience different large scale properties. Thus, antenna ports from different panels (beams) may not be assumed to be QCL. Therefore, antenna port (sets) from different panels corresponds to different QCL assumptions. In this case, multiple QCL indication signaling could be sent to UE to instruct the QCL relationship for antenna ports from different panels. Correspondingly, independent data streams or layers can be transmitted from different panels, referring to as the non-coherent transmission.
Proposal 1: NR should support both coherent/non-coherent MIMO transmission mechanisms for multi-panel antenna structure, with single/multiple QCL assumption respectively.
· Calibration accuracy effect on the performance of coherent MIMO transmission
To evaluate the performance of coherent MIMO under different calibration errors, we give some initial simulation results in what follows. Detailed simulation assumptions are provided in Appendix. In our simulation, two antenna panels with 4 RF chains and 4 antenna elements in each are assumed. Suppose antennas in each panel are ideally calibrated while among panels there is a constant frequency offset or timing offset. Fig.1 and Fig.2 show the performance of coherent MIMO transmission with fixed frequency/timing offset among two antenna panels.  The results show that under different calibration hypnosis, coherent MIMO transmission varies greatly with respect to calibration error.
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	1a)  16QAM                                          
	1b)  64QAM

	Fig. 1 Frequency offset evaluation for coherent MIMO 
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2a) 16QAM                                                                         2b) 64QAM
Fig. 2 Timing offset evaluation for coherent MIMO, [us]
Observation 1: The performance of coherent MIMO varies greatly with the accuracy of the calibration.
· Receiver design
For coherent MIMO transmission, traditional linear receiver like MRC/MMSE can be used directly. If the data channel supports multiple codewords, advanced interference cancellation receiver can achieve better performance with the cost of computational complexity and detection latency. While for non-coherent MIMO transmission, the requirements for receivers are different as the interference from different antenna panels has different properties compared with coherent transmission cases, which are listed as follows:
1) If data streams coming from different directions and arriving at UE in different angles, e.g., widely spaced panels, simple linear receiver like MMSE is enough because of the space domain interference rejection with UE multi-beam reception. In this case, advanced receiver like MMSE-SIC can work better. But the performance gain depends on the remaining interference after the space domain interference rejection operation by MMSE processing.

2) If different streams arriving at the UE in the same or adjacent directions, e.g., different antenna panels located in the centralized manner, inter-stream interference may be the dominant factor that affects the demodulation performance, as there is no joint precoding among transmit antenna arrays. In this case, non-linear receiver is needed. When the receiving power difference among the streams is larger than3dB, codeword level SIC receiver can work very well. However, when the receiving power is almost the same for different streams, the performance of SIC will deteriorate. Parallel interference cancellation (PIC) receiver is a good choice for this scenario because the operating SIR for PIC can be less than 0dB. 
Overall, different MIMO transmission schemes and conditions require different receivers. To facilitate the transmission scheme selection and improve the system performance, we have the following proposal:

Proposal 2: UE should report the receiver capability in NR.
· Interference hypothesis & measurement 

Compared with the coherent MIMO transmission, interference hypothesis and measurement for non-coherent MIMO are different as the interference not only comes from other TRPs but also from other panels within the same TRP. So interference for non-coherent MIMO should be divided into two categories, inter-stream interference and inter-TRP interference, which is quite similar with the inter-TRP coordination. The interference hypothesis and measurement mechanism for non-coherent MIMO are similar with inter-TRP non-coherent joint transmission and the more details are discussed in [3].
· CW to layer mapping
For MIMO transmission, if only one codeword is supported, the UE receiver can’t benefit from the codeword-IC type approaches. Compared with single codeword, Although introducing more codewords may lead to  extra overhead for scheduling (MCS) and feedback (CQI and ACK/NACK), the performance gain from the usage of more codewords is also significant. What’s more, to support non-coherent MIMO and distributed MIMO, two or more codewords are required for independent CW-to layer-mappings.
Proposal 3: The maximum number of CW for one UE should be no less than two in NR.
Fig 3(a) shows an example for CW-to-layer mapping in LTE for 2 CW and 4 layers. For coherent MIMO transmission, CW-to-layer mapping is straightforward as LTE. For non-coherent MIMO transmission, in order to provide the performance of IC receiver, different beams from different antenna panels should carry different codewords. Hence, the CW-to-layer mapping can be different. For example, one antenna panel may carry only one layer while the other antenna panel carries three layers, as shown in Fig.3(b) and Fig.3(c). To provide the flexibility of the non-coherent MIMO transmission, new CW to layer mapping mechanism should be carefully designed. If each panel only transmits one codeword in non-coherent MIMO, the number of layers for each CW may be needed to be individually indicated in an explicit or implicit manner. 
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Fig. 3 CW-Layer mapping, for rank 4
Proposal 4: Flexible CW to layer mapping and indication mechanism should be supported for non-coherent MIMO transmission.
3 Conclusion
In this contribution, multi-panel based DL MIMO transmission is discussed. We have the following observations and proposals:
Observation 1: The performance of coherent MIMO varies greatly with the accuracy of the calibration changes.

Proposal 1: NR should support both coherent/non-coherent MIMO transmission mechanisms for multi-panel antenna structure, with single/multiple QCL assumption respectively.
Proposal 2: UE should report the receiver capability in NR.

Proposal 3: The maximum number of CW for one UE should be no less than two in NR.
Proposal 4: Flexible CW to layer mapping and indication mechanism should be supported for non-coherent MIMO transmission.
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Appendix
Table 1 Parameters for the link-level simulation 
	Scheme
	Parameter
	Value

	Antenna configurations
	BS antenna
	M=1, N=2, P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=8lambda

	
	UE antenna
	4RX: M=1, N=2, P=2, Mg=1, Ng =1, dH = dV = 0.5lambda

	System
	Transmission mode
	TM9

	
	System bandwidth
	10MHz

	
	Simulation interval
	20000 TTIs

	Channel model
	Model
	Rays

	
	Environment
	EPA3

	
	Correlation
	High

	
	Carrier frequency
	2GHz

	
	Polarization
	Cross-polarized

	Receiver
	UE receiver
	MMSE

	
	Noise estimation
	Real

	
	Channel estimation
	Real(DMRS)

	
	Interference estimation
	Real

	HARQ
	Max. trans. num.
	4

	
	Retransmission
	independent

	
	Report mode
	PUSCH 3-1

	
	Scheduled RB
	50PRB

	RS configuration
	CRS
	2

	
	CSI-RS
	8-port NZP CSI-RS with 5ms period

	Metric
	Metric
	Throughput [Mbps/Hz]


