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1. Introduction

In RAN1#55b meeting, general discussion for UL MIMO extension up to 4x4 was treated [1] and SU-MIMO part was summarized as following:

SU-MIMO

· Precoding used?

· If Yes, precoding to be used is decided by Node B?

· Impact on PAPR/CM? (How important is it?)

This contribution discusses precoding aspects further.
2. Precoding for LTE-A uplink
Precoding brings much benefit in a) enhancement of the average and cell-edge user throughput via single rank beam forming and b) enhancement of the peak spectrum efficiency using multiple layers, thus it is quite attractive to include precoding for uplink from ITU evaluation perspective in particular 2x4 antenna configuration for average spectrum efficiency and cell edge user throughput.
As summarised in our previous paper [2], we propose the following could be the baseline precoding operations for LTE-A uplink, considering backward compatibility to Rel-8 LTE and reusing the LTE component for simplicity.

i) Codebook based precoding via PMI indication on corresponding PDCCH for UL assignment;

ii) SRS and/or DM-RS would be used for PMI/rank selection as well as sounding the uplink channel;

iii) UE does not override eNB indication since it should be aligned with other parameters managed by eNB e.g. transmit power control.

In addition, the following is our current view for uplink precoding.

a. Low Cubic Metric (CM) should be kept for single rank transmission in particular, which is typically used for cell-edge UE. So the codebook with constant modulus property is preferable in case of contiguous resource allocation especially.
b. Similar to the design criteria for LTE DL-MIMO, for UL precoding the nested property and limited constellation (e.g. up to 8PSK) elements would be maintained for less Rx-side search complexity [3], even though an eNB implementation may allow a certain higher level of complexity than that for a UE.

c. Frequency non-selective precoding is preferable for either contiguous or non-contiguous resource allocation as it does not increase PDCCH signalling overhead for UL assignment. We analysed CM increase infrequency selective precoding [5] as summarized in Table 1.
Table 1 CM values for frequency selective/non-selective precoding (QPSK, rank1)
	# of allocated RBs
	8 RBs
	24 RBs
	48 RBs

	Wideband PMI
	1.2 dB
	1.2 dB
	1.2 dB

	Subband PMI (8RB)
	-
	2.5 dB
	3.2 dB

	Subband PMI (4RB)
	2.0 dB
	3.2 dB
	3.6 dB


Moreover, the link level performance gain of precoding assuming wideband PMI with 2tx codebook for LTE DL-MIMO is verified in particular rank1 transmission [2] as summarized in Table 2. 

Table 2 Benefit of precoding for link level performance at BLER = 10% (rank1)

	Antenna configuration
	QPSK
	16QAM

	
	3 km/h
	120 km/h
	3 km/h
	120 km/h

	2 x 2
	2.3 dB
	0.6 dB
	3.2 dB
	0.8 dB

	2 x 4
	2.0 dB
	0.6 dB
	2.0 dB
	0.6 dB


According to above discussion, we propose to support codebook based precoding for closed-loop spatial multiplexing.
3. Conclusion
In this contribution, precoding aspects for UL MIMO extension up to 4x4 are discussed. We propose to adopt the following to move forward:

· For closed-loop spatial multiplexing, support codebook based precoding with frequency non-selective control; and

· For codebook based precoding, study LTE DL-MIMO codebook as baseline.
References
[1]
R1-090537, Samsung, “LTE-Advanced MIMO Session Summary”
[2]
R1-084228, Panasonic, “Precoding consideration on LTE-Adv uplink”
[3]
R1-072597, Texas Instruments, Motorola, Nokia, Ericsson, NTT DoCoMo, Panasonic, Freescale Semiconductor, Nortel, Huawei, Broadcom, Comsys, Marvell Semiconductor, Nokia Siemens Networks, InterDigital, Mitsubishi Electric, Sharp, “Way Forward on 4-Tx Antenna Codebook for SU-MIMO”
[4]
R1-084250, NTT DOCOMO, “UL MIMO Transmission Schemes in LTE-Advanced”
[5]
R1-090688, Panasonic, “Views on UL MIMO extension up to 4x4”
Appendix

Simulation assumptinos for cubic metric evaluation are listed here.
Table A-1 simulation assumptions for cubic metric evaluation
	# of allocated RBs
	8, 24, 48 RBs

	Modulation scheme
	QPSK, 16QAM, 64QAM

	Precoding
	2tx codebook for LTE DL-MIMO

	PMI signalling
	Randomly changed in sub-frame basis

	Precoding control granularity in frequency domain
	Wideband PMI: aligned with allocated RBs
Subband PMI: 4, 8 RBs

	Transmission rank
	1, 2 ranks


Simulation parameters for link level evaluation are listed here.

Table A-2 simulation assumptions for link level evaluation

	Carrier Frequency
	2GHz

	System bandwidth
	5MHz

	Sampling Rate
	7.68 MHz

	DM-RS / Data bandwidth
	6RB (72 sub-carriers)

	DM-RS generation method
	ZC sequence

root ZC index number = 1, ZC sequence length is aligned with allocated bandwidth

	Precoding
	2tx codebook for LTE DL-MIMO

	PMI signalling
	Error-free indication with 1 ms delay

	Number of UE
	1

	Channel model
	TU with Kronecker extension

	Velocity
	3, 120 km/h

	Antenna Configuration
	2x2, 2x4

	Antenna Correlation
	Tx = 0.0, Rx = 0.5

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	QPSK, R=1/2, 16QAM, R=1/2

	Channel estimation
	Real (Linear interpolation in frequency domain)

	Frequency domain equalization
	LMMSE

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	# of codeword
	Single codeword (MMSE spatial de-multiplexing is applied for 2-layer transmission)

	Frequency scheduling
	N/A

	HARQ
	N/A

	TPC
	N/A

	Frequency hopping between slot
	N/A








