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1. Introduction

In RAN#51, it was agreed to consider UL MIMO enhancements for Rel-11 as following [1] :

· Study and evaluate enhancements for transmission of UCI

· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM

· the need for UCI enhancement on PUCCH is to be justified

· Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation

· uplink channel-independent MIMO schemes

· enhancements to uplink power control 

· Study and evaluate improvements for wireless backhaul, with up to 8 TX antennas supporting up to 4 layers transmission

In this contribution, we share our views on UL ΜΙΜΟ enhancements relevant to the Rel-11 study phases.

2. Views on UL ΜΙΜΟ Enhancements

2.1. Enhancements for transmission of UCI 

The introduction of UCI-only transmission with rank 2 and/or 16QAM was discussed in Rel-10, but this feature was not introduced. However, enhanced feedback mechanism considering DL MU-MIMO and CoMP would contribute the achievement of near-optimum performance [2]. Thus, the situation that the lack of capacity of feedback container becomes a bottle neck should be avoided, and more efficient scheme should be employed in Rel-11. This discussion can be started considering the decision of CoMP/DL MIMO feedback mechanisms, i.e. work item phase.

2.2. Improvements for new deployment scenarios 

Higher Mobility:

In the LTE-Advanced Requirements [3], more severe scenarios such as 3.4 GHz of frequency band and mobility of 300 kmph were agreed as within the scope. It should be discussed whether the DMRS density is sufficient to meet the performance needs of these scenarios or not. For example, additional non-precoded DMRS on the last OFDM symbol, a.k.a. in-band SRS [4], is useful for this purpose, in addition to the sounding enhancements.

Uplink channel-independent MIMO schemes

Although channel independent PUSCH transmission scheme for rank 1 (i.e. STBC) was discussed in Rel-10, rank 2 and 3 PUSCH transmission with 4Tx antennas wasn’t argued at all and this issue is still open. In our view, rank 2 Tx is very important for 4 and 8 Rx antenna case, in addition to rank 1. 

Figure 1 shows link level simulation result for 4Tx rank 2 CL MIMO as function of UE mobility and feedback delay (i.e. time difference between SRS transmission and PUSCH transmission). This figure clearly shows that the performance degrades as delay become larger. Thus, the gain by closed loop operation is lost under the high mobility case such as 120kmph (fd=240Hz) resulting in a significant performance loss. Therefore, we think a channel independent MIMO scheme is worthwhile studying it at least for rank 2 with 4Tx antenna case.
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	(a) 16QAM, R=1/2
	(b) 64QAM, R=1/2


Figure 1 Link level simulation result for rank 2 CL MIMO with 4Tx antenna

2.3. Enhancements to uplink power control 

For power control by DCI format 0 and 4 (TPC Command), more flexible power control would be required considering efficient MU-MIMO support in Rel-11. Basically, MU-MIMO with no power control can improve average cell throughput at the expense of cell-edge performance due to increased IoT [5]. For example, the existing TPC command in DCI format supports only {-4,-1, 1 4} dB in the absolute power control mode. However, power control values of -3, -4.77 and -6 dB should be supported to keep the same IoT level for 2, 3, 4 UE multiplexing, respectively. Therefore, we believe that more flexible power control mechanism (e.g. extension of power control values) should be studied for sufficient MU-MIMO operation. 

3. Conclusion

In this contribution, we shared our views on UL MIMO enhancements in Rel-11. Our proposal can be summarized as following:

Proposals:

· Enhancements for UCI on PUSCH can be studied considering the decision of CoMP/DL MIMO.

· Additional DMRS to support higher mobility (i.e. 3.4GHz and 300 kmph) should be studied.

· Channel independent rank 2 transmission scheme with 4Tx antenna should be studied. 

· TPC command should be extended for sufficient MU-MIMO operation.
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5. Annex

5.1. Simulation Assumptions

Table 2 Link level simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 4, Rx: 4

	Channel Model
	TU 6 uncorrelated
UE mobility of 3kmph and 120kmph

	Number of assigned RBs
	5 RBs

	Receiver Type
	Linear MMSE
Turbo decoder with 6 iterations

	Rank adaptation
	Rank 2 fixed

	Link adaptation
	Off

16QAM R=1/2 and 64QAM R=1/2

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation for demodulation and sounding
	Realistic for precoder calculation

Realistic for demodulation
 3kmph case: coherent averaging

 120kmph case: linear interpolation/extrapolation

	Scheduling Delay from SRS (precoder selection) to PUSCH Transmission:
	1, 4 and 8 ms

	Cyclic Prefix Type
	Normal CP
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