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1. Introduction

In RAN1#55b meeting, general discussion for UL MIMO extension up to 4x4 was treated [1] and 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?)

TxD

· Design principle

· Preserving SC-FDMA property preferred. How strictly should the property be kept?

· May have different TxD schemes for PUSCH and PUCCH?

MU-MIMO

· Multi-layers per UE in MU-MIMO operation need to be taken into account?

This contribution discusses each topic 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.

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;

iii) UE does not override eNB indication since it should be alinged 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  in Table 1.. The results indicate around 0.8dB increasement with 4RB granularity in case of 8RBs allocation with QPSK. The other results and simulation assumptions are shown in appendix part. The tendency is basically aligned with previous results on [4].
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 is verified in particular rank1 transmission [2]. We propose to keep studying codebook based precoding for closed-loop spatial multiplexing.
3. OL-TxD for LTE-A uplink
OL-TxD using multiple RF chains is an attractive feature for the multi-antenna transmission scheme in uplink. That brings much benefit e.g. enhancement of cell-edge user throughput even for the case where closed-loop control doesn’t work under high mobility scenario. For uplink OL-TxD, some points should be investigated as design principle e.g. preserving signle carrier properties, required number of sequences for RS, receiver complexity, etc., as discussed in our previous paper [5].

For the discussion whether to have different scheme for PUSCH/PUCCH, our view is to have different schemes should be studied, since the required performance improvements and resource indication schemes would depend on channel structure. Further discussion for PUCCH is shown in our companion document [6]. 
4. MU-MIMO for LTE-A uplink
Enhanced uplink MU-MIMO is an attractive feature to improve the uplink system throughput. In particular assuming multiple RF chains, uplink MU-MIMO with multiple streams per UE [7] should be investigated as well. In addition, the relation with the carrier aggregation also should be investigated.
With more (≥2) transmit antennas in UE side, a larger number of receive antennas in eNB and more advanced signal detection scheme, a more flexible MU-MIMO transmission could be supported. Example is multiple streams per UE scheduled for SDMA simultaneously with flexible scheduling irrespective of each UE’s rank. It is good for uplink MU-MIMO to have commonality with uplink SU-MIMO as much as possible e.g. SCW/MCW, precoding and related signalling for either contiguous or non-contiguous resource allocation. Potentially no specification impact might be seen for MU-MIMO similar as in LTE.
In order to obtain a reasonable spatial multi-user diversity gain it is necessary to take inter-user interference into account. Investigations on the precoding control for uplink MU-MIMO with multiple rank are necessary taking into account both the throughput gain and UE complexity. 

5. Conclusion
In this contribution, several topics for UL MIMO extension up to 4x4 are discussed. We propose to adopt the following to move forward:

i) For closed-loop spatial multiplexing, study codebook based precoding with frequency non-selective control; and

ii) For uplink OL-TxD, to study different scheme for PUSCH/PUCCH;

iii) For MU-MIMO, consider multiple streams per UE.
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Appendix

Detailed simulation assumptinos are listed here.
Table A-1 simulation assumptions for contiguous allocation
	# 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


<Other Rank1 results with contiguous allocation>

Table A-2 CM values for frequency selective/non-selective precoding (rank1)
	# of allocated RBs
	8 RBs
	24 RBs
	48 RBs

	16QAM
	Wideband PMI
	2.1 dB
	2.1 dB
	2.1 dB

	
	Subband PMI (8RB)
	-
	3.0 dB
	3.4 dB

	
	Subband PMI (4RB)
	2.6 dB
	3.4 dB
	3.7 dB

	64QAM
	Wideband PMI
	2.3 dB
	2.3 dB
	2.3 dB

	
	Subband PMI (8RB)
	-
	3.1 dB
	3.5 dB

	
	Subband PMI (4RB)
	2.8 dB
	3.5 dB
	3.7 dB


< Rank2 results with contiguous allocation>

Table A-3 CM values for frequency selective/non-selective precoding (rank2)
	# of allocated RBs
	8 RBs
	24 RBs
	48 RBs

	QPSK
	Wideband PMI
	1.7 dB
	1.7 dB
	1.7 dB

	
	Subband PMI (8RB)
	-
	2.8 dB
	3.3 dB

	
	Subband PMI (4RB)
	2.4 dB
	3.3 dB
	3.6 dB

	16QAM
	Wideband PMI
	2.5 dB
	2.5 dB
	2.5 dB

	
	Subband PMI (8RB)
	-
	3.2 dB
	3.5 dB

	
	Subband PMI (4RB)
	2.9 dB
	3.5 dB
	3.7 dB

	64QAM
	Wideband PMI
	2.6 dB
	2.6 dB
	2.6 dB

	
	Subband PMI (8RB)
	-
	3.3 dB
	3.6 dB

	
	Subband PMI (4RB)
	3.0 dB
	3.6 dB
	3.8 dB


Simulation assumptinos for non-contiguous allocation are listed here.
Table A-4 simulation assumptions for non-contiguous allocation
	# of RBs of each cluster
	Randomly changed in sub-frame basis among 2, 4 and 6 RBs

	# of clusters
	 1 to 8

	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: per cluster

	Transmission rank
	1, 2 ranks


Note: In case of non-contigous allocation, increaement of CM value due to frequency-selective precoding are diminished. However, signalling overhead caused by frequency selective precoding on PDCCH is much concerned for non-contiguous case, due to increasement of resource allocation field.
< Rank1 results with non-contiguous allocation>

Table A-5 CM values for frequency selective/non-selective precoding (rank1)
	# of clusteres
	1
	2
	3
	4
	5
	6
	7
	8

	QPSK
	Wideband PMI
	1.2 dB
	2.1 dB
	2.5 dB
	2.7 dB
	2.9 dB
	3.0 dB
	3.1 dB
	3.1 dB

	
	Subband PMI
	-
	2.1 dB
	2.5 dB
	2.8 dB
	3.0 dB
	3.2 dB
	3.3 dB
	3.3 dB

	16QAM
	Wideband PMI
	2.1 dB
	2.7 dB
	3.0 dB
	3.1 dB
	3.2 dB
	3.3 dB
	3.4 dB
	3.4 dB

	
	Subband PMI
	-
	2.7 dB
	3.0 dB
	3.2 dB
	3.3 dB
	3.4 dB
	3.5 dB
	3.6 dB

	64QAM
	Wideband PMI
	2.3 dB
	2.8 dB
	3.1 dB
	3.2 dB
	3.3 dB
	3.4 dB
	3.4 dB
	3.5 dB

	
	Subband PMI
	-
	2.8 dB
	3.1 dB
	3.3 dB
	3.4 dB
	3.5 dB
	3.6 dB
	3.6 dB


< Rank2 results with non-contiguous allocation>

Table A-6 CM values for frequency selective/non-selective precoding (rank2)
	# of clusteres
	1
	2
	3
	4
	5
	6
	7
	8

	QPSK
	Wideband PMI
	1.7 dB
	2.4 dB
	2.7 dB
	2.9 dB
	3.1 dB
	3.2 dB
	3.2 dB
	3.3 dB

	
	Subband PMI
	-
	2.5 dB
	2.9 dB
	3.1 dB
	3.3 dB
	3.4 dB
	3.5 dB
	3.5 dB

	16QAM
	Wideband PMI
	2.5 dB
	2.9 dB
	3.1 dB
	3.3 dB
	3.4 dB
	3.4 dB
	3.5 dB
	3.5 dB

	
	Subband PMI
	-
	3.0 dB
	3.3 dB
	3.4 dB
	3.5 dB
	3.6 dB
	3.6 dB
	3.7 dB

	64QAM
	Wideband PMI
	2.6 dB
	3.0 dB
	3.2 dB
	3.3 dB
	3.4 dB
	3.5 dB
	3.5 dB
	3.6 dB

	
	Subband PMI
	-
	3.1 dB
	3.3 dB
	3.5 dB
	3.6 dB
	3.6 dB
	3.7 dB
	3.7 dB








