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1 Introduction
In Rel-10, uplink MIMO is based on channel-dependent precoding. However, the Rel-10 discussions did not assess all possible scenarios, especially for the high mobility and the phase discontinuity scenarios. Therefore, in the SI proposal for enhanced uplink transmission for LTE [1], it was agreed to consider UL MIMO enhancements for Rel-11 as follows: 

· 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

In this contribution, the motivations to introduce uplink channel-independent MIMO are discussed and the corresponding scheme is evaluated in high speed and the existence of relative phase discontinuity. Based on the discussion and evaluation results, it is proposed that uplink channel-independent MIMO should be supported in Rel-11.
2 Motivations 
In Rel-10, the channel-dependent UL MIMO design was optimized for low mobility scenarios and there was no discussion on the performance optimization for high mobility. Furthermore, at the later stage of Rel-10, the issue of relative phase discontinuity was addressed for UL MIMO, which would deteriorate the performance of channel-dependent MIMO. In this section, the impact from these two scenarios is discussed and the performance of channel-dependent UL MIMO in these two scenarios is evaluated. 
High mobility

· For channel-dependent precoding, the selected precoding matrix is based on the channel at time t but is used for precoding at time T (T>t) due to processing time and propagation time. Since the channel is time varying, the selected precoding matrix at time t may be obsolete and may not match the channel at time T in high mobility scenarios. Therefore, the MCS determined by the CQI corresponding to the reported precoding matrix at time t might not be suitable for transmission at time T, which results in performance degradation.
Relative phase discontinuity 2[]
3[]

· Relative phase discontinuity occurs when the relative phase of multiple antenna ports changes from subframe to subframe. Main factors leading to phase differences can be power control and PA non-linearities. Although the PAs for different transmitter branches are adjusted in the same way for UL-MIMO, a change difference in power levels might exist between transmitters from one subframe to the other. That change difference can lead to a relative phase discontinuity. The resulting variation of phase difference between different antenna branches in different subframes will deteriorate the performance of channel-dependent precoding.
In the following, simulation results show the impact on channel-dependent MIMO for both high mobility and phase discontinuity scenarios. Realistic channel estimation is used in all the simulations. The phase discontinuity model and simulation assumptions are given in Appendix 1 and Appendix 2, respectively. 
Figure 1 and Figure 2 show the performance comparison between low speed and high speed scenarios for a 2x2 antenna configuration and a 4x4 antenna configuration, respectively.
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Figure 1. Comparison of 3km/h and 120km/h performance for a 2x2 antenna configuration.
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Figure 2. Comparison of 3km/h and 120km/h performance for a 4x4 antenna configuration.
The results show that there is about a 4 dB performance loss in high mobility scenarios for both the 2x2 and 4x4 antenna configurations. 
Figure 3 and Figure 4 show the effect of relative phase discontinuity on the performance of channel-dependent precoding at 3km/h for a 2x2 antenna configuration and a 4x4 antenna configuration, respectively.
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Figure 3. Effects of phase discontinuity for a 2x2 antenna configuration.
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Figure 4. Effects of phase discontinuity for a 4x4 antenna configuration.
The figures show that the performance loss is about 2dB when phase discontinuity is considered.
From above results, it shows that performance loss is large for both high mobility and relative phase discontinuity scenarios. So, it may be necessary to introduce an alternate MIMO scheme which does not degrade much performance in these scenarios. 
3 Uplink Channel-independent MIMO
In Rel-8, channel-independent MIMO (i.e. TM3) is designed to optimize the downlink performance at high mobility, and therefore the similar scheme can be considered for uplink as well. However, some major differences shall be taken into account when designing uplink channel-independent MIMO,

·  Preserving cubic metric(CM) property 
·  Precoding matrix selected from the codebook set defined for uplink 

·  No transmit diversity(there was already much discussion in Rel-10)
One candidate to fulfill the above requirements is symbol/slots level precoding matrix cycling.Figure 5 gives an example of precoding matrix cycling for different SC-FDMA symbols. In Figure 5, 4 precoding matrixes are used for cycling. Precoding matrix V1 is used for SC-FDMA symbol 1, V2 for symbol 2, V3 for symbol 3, V4 for symbol 4 and so on. 
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Figure 5. Symbol level precoding matrix cycling.
However, for symbol level precoding matrix cycling, the drawback is that the DM-RS can’t be precoded if the product of rank and the number of cycled precoding matrix is larger than the number of antenna port. For example, for rank 1 transmission in case of 4 PUSCH antenna ports configuration, when the number of cycled precoding matrix is larger than 4, four non-precoded DM-RS is needed for channel estimation. There is only 1 DM-RS needed for Rel-10 uplink MIMO.  Given total DM-RS power of both schemes is same, the power of each DM-RS is 6dB less than that of Rel-10 channel-dependent MIMO. This will deteriorate the channel estimation performance and decrease the throughput. 
Considering the rank 1 transmission is mainly occurred in low SNR (Signal to Noise Ratio) region, the 6dB channel estimation loss is intolerable. Therefore, it is preferred to use only one precoding matrix for rank 1 transmission, which requires one precoded DM-RS as Rel-10.  In the following evaluations, the rank 1 precoding matrix of channel-independent MIMO is fixed to the first precoding matrix (index 0) in rank 1 codebook in the 4 antenna ports case. 

The performance of symbol level preocding matrix cycling and Rel-10 channel-dependent MIMO is evaluated and compared in both high mobility and relative phase discontinuity scenarios. The evaluation results are shown in Figure 6~9. The details of channel-independent MIMO scheme are shown in Appendix 3.
In Figure 6, only rank 1 performance is compared because rank 2 codebook has only one identity matrix, and it shows that both schemes have the almost same performance in high speed. For a 4*4 antenna configuration, Figure 7 shows that the channel-independent MIMO has about 0.7 dB gain over Rel-10  MIMO in relative high SNR region.
Figure 8 and Figure 9 are the simulation results of relative phase discontinuity for the 2*2 and 4*4 antenna configurations, respectively. For the 2*2 antenna configuration, the channel-independent MIMO has about 1 dB gain over Rel-10 MIMO. For the 4*4 antenna configuration, the gain is about 0.7 dB. 
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Figure 6. Comparison of schemes for 2x2 antenna configuration at 120km/h without phase discontinuity.
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Figure 8. Comparison of schemes for 2x2 antenna configuration at 3km/h with phase discontinuity.
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Figure 7. Comparison of schemes for 4x4 antenna configuration at 120km/h without phase discontinuity.
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Figure 9. Comparison of schemes for 4x4 antenna configuration at 120km/h with phase discontinuity
From above results, we propose:

· Symbol level precoding cycling can be considered for channel-independent MIMO 

4 Conclusion
In this contribution, we analyze and evaluate the necessity of UL channel-independent MIMO. The simulation results suggest:

· The performance loss of channel-dependent MIMO is large for both high mobility and phase discontinuity scenarios.

· For the 2x2 antenna configuration with high mobility, channel-independent MIMO provides no gain.
· For the 2x2 configuration with phase discontinuity, channel-independent MIMO provides a 1 dB gain.
· For the 4x4 antenna configuration with high mobility, there is about 0.7 dB gain in high SNR for channel-independent MIMO.
· For the 4x4 configuration with phase discontinuity, channel-independent MIMO provides a 0.7 dB gain.
Based on these observations, it is proposed that UL channel-independent MIMO scheme should be considered in Rel-11.
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Appendix 1. Modelling of relative phase discontinuity
For 2Tx, the modelling of relative phase discontinuity is same as that in 3[]
. A similar modelling is used for 4Tx. The discontinuity is modelled as relative phase jumps with discrete values. The positive or negative constant value is generated randomly at each power switching point. A example of the pattern is given in Figure10, Δ(Δθ) represents the random relative phase difference, where Δθ is the phase difference between antenna port p (p = 1,2,3) and antenna port 0 at a certain subframe and Δ(Δθ) is the change of Δθ across the adjacent subframes. Φ(p)(t) is the absolute phase of antenna port p. During simulations, the absolute phase of antenna port 0 is set to zero while the absolute phase of antenna port p is changed according to Δ(Δθ). If Str(p)(t) denotes the time-continuous signal for antenna port p, then the transmitting signal should be
Str(0)(t)= S(0)(t)
Str(p)(t)= S(p)(t)×exp(jφ(p)(t))
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Figure10. 4Tx relative phase discontinuity modelling.
Appendix 2 Simulation assumptions
Table 1 Simulation Assumptions.
	Parameter
	Value

	Channel model
	ETU

	Antenna configuration
	2 x 2,4 x 4

	Antenna correlation
	Low

	Noise model
	AWGN

	Channel bandwidth
	10MHz

	Channel estimation
	Real

	Cyclic prefix
	Normal

	Resource allocation
	First 6 RB allocation

	Rank
	Rank adaptation 

	Receiver
	Linear MMSE

	Number of HARQ processes
	8 HARQ processes for FDD

	Maximum number of HARQ transmissions
	4

	Redundancy version
	0, 2, 3, 1

	HARQ combining
	Incremental redundancy

	SRS transmitting period
	10 ms

	SRS processing delay
	8 ms

	Δ(Δθ) 
	30° 3[]


	Phase shift frequency (Hz)
	1000 3[]



Appendix 3 Channel-independent MIMO scheme
For two transmit antennas rank 1 transmission, the precoding matrixes corresponding to index 0-3 are used for precoding matrix cycling. And for 4 transmit antennas rank 1-3 transmission, the codebook indices for cycling of each rank are shown in Table 2. 
                              Table 2 channel-independent MIMO codebook (4 transmit antenna) 

	rank 
	Codebook indices

	Rank 1 
	Fixed  PMI index 0

	Rank 2 
	0 5 8 11 12 15

	Rank 3 
	0 1 10 11
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