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1. Introduction

As described in the RAN1 TR [1], extended uplink multi-antenna transmission is investigated for LTE-A. In this contribution, for the multi-antenna transmission scheme we show our views on open-loop transmit diversity (OL-TxD), closed-loop precoding control and multi-user MIMO (MU-MIMO), respectively.

2. 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. For uplink OL-TxD, some points should be considered e.g. low cubic metric (CM) properties, reference signal overhead, as discussed in our previous paper [2]. The following are our current views for CDD, STBC/SFBC and FSTD as the major uplink OL-TxD candidates:

i) CDD

CDD provides a simple implementation which is applicable to either DFT-s-OFDM or OFDM. Only a single sequence for the CDD precoded reference signal (RS) is necessary for demodulation. Small delay CDD would be preferable to large delay CDD since the former enables better channel estimation by frequency domain interpolation even with limited pilot resources in LTE-A uplink. For the eNB receiver algorithm, a simple LMMSE based frequency domain equalizer would be sufficient same as SIMO case.

ii) STBC/SFBC

Theoretically STBC/SFBC provides full-rate full-diversity assuming 2 transmit antenna case. One sequence per transmit antenna for RS is necessary for demodulation. 
In case of DFT-s-OFDM, STBC is preferable because CM is lower than SFBC. On the other hand, STBC requires even number of DFT-s-OFDM symbols for Alamouti encoding, so a special handling is necessary as indicated in [3], considering the existence of SRS or extended CP. In addition, for the eNB receiver algorithm, joint space and frequency domain STBC decoding would be necessary [4], in particular higher order modulation e.g. 16QAM may require further refinement for decoding algorithm.

In case of OFDM, we don't yet see the specific difference between STBC and SFBC as OFDM already requires higher CM. OFDM does not require special handling for STBC for Alamouti encoding.

iii) FSTD

FSTD provides a simple implementation at the transmitter side e.g. RB or RB group based switching [5] and keeps the same low CM properties as CDD, which is applicable to either DFT-s-OFDM or OFDM. One sequence per transmit antenna for RS is necessary for demodulation. For the eNB receiver algorithm, some modification considering antenna to frequency mapping would be necessary compared to an LMMSE based frequency domain equalizer for SIMO case. FSTD exploits switching diversity gain, which provides the same or inferior performance than STBC/SFBC (which exploits MRC gain).

From above points and performance aspects shown in [2], we propose to study CDD for uplink OL-TxD as the main candidate. 
3. Precoding for LTE-A uplink
Precoding brings much benefit e.g. 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 [6], we propose the following could be the baseline precoding operations for LTE-A uplink, considering backward compatibility to Rel-8 LTE, reusing the LTE component for simplicity.

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

ii) RS e.g. Sounding-RS (SRS) and/or demodulation-RS (DM-RS) would be used for PMI/rank selection;

iii) UE does not override eNB indication.

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

a. Low 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 DFT-s-OFDM especially.

b. Frequency non-selective precoding is preferable for either DFT-s-OFDM or OFDM as it does not increase PDCCH signalling for UL assignment.

c. 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 [7], even though an eNB implementation may allow a certain higher level of complexity than that for a UE.

Moreover, the link level performance gain of precoding is verified in particular rank1 transmission [6]. We propose to keep studying codebook based precoding for closed-loop spatial multiplexing.
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 [8] 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 DFT-s-OFDM or OFDM. 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 rank≥2 are necessary taking into account both the throughput gain and UE complexity. 

5. Conclusion
In this contribution, several aspects of extended uplink multi-antenna transmission for LTE-A are discussed. We propose to adopt the following to move forward:

i) For uplink OL-TxD, study CDD as the main candidate;

ii) For closed-loop spatial multiplexing, study codebook based precoding; and

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