3GPP TSG-RAN WG4 Meeting #58AH 
R4-112035
Shanghai, 11st-15th April, 2011

Source:
Huawei, HiSilicon
Title:
Discussion on Phase Continuity for UL MIMO
Agenda item:
5.5.2
Document for:
Discussion
1. Introduction
In [1], RAN1 asked for RAN4 feedback on relative phase continuity for UL MIMO. In [2], it is suggested to define relative phase continuity as follows: 
The maximum change in the transmit phase difference between the two antennas between one UL subframe and the next across 1 subframe.
In this contribution we further discuss the relative phase discontinuity based on the definition above.
2. Discussion
In this section, the possible reasons for relative phase discontinuity are discussed first, and then we try to find an acceptable approach to model the relative phase discontinuity profile to evaluate the impact on eNB demodulation performance. Meanwhile, the performance curves of different phase shift values based on this model are presented. 
2.1.  Possible reasons
Main factors leading to phase difference can be the power control and PA non-linearity. According to [3] for UMTS test, the phase of a PA would change roughly by 60 degrees over a 5 dB power variation or roughly 12 degrees per dB. For UL-MIMO although the PAs for different transmitter branches are adjusted in the same way, the little power level change difference might exist between transmitters from one subframe to the other. That change difference might lead to relative phase discontinuity. According to TS36.213, the power control for LTE would be very flexible: MCS, TPC and bandwidth all lead to the change of UE transmitter power. We take TPC as the main factor in modelling the relative phase discontinuity profile.
There are also several other factors that might cause the change of the phase difference between two antennas. For example, the two RF chains of the transmitting antennas without a common local oscillator may have dramatic phase difference in the long-term test. Temperature change may affect the PA, thus affecting the phases. Antenna gain imbalance may also influence on the phases. However, these factors typically contribute to long-term constant phase difference between two antennas and thus they are not considered in the relative phase discontinuity profile.
2.2.  Relative phase discontinuity model
As analysed above, we would like to specify a relationship between the relative phase discontinuity and gain switching due to power control in order to model this behaviour. And we should keep in mind that both amplitude of phase change and the change rate would impact the performance.
Pattern or frequency of relative phase changing

For LTE there are a lot of parameters for power control. PUCCH, PUSCH and SRS could be assigned different operating points. Different eNB vendors may use those parameters in different ways. It would be difficult to model a typical and detailed pattern for power control and then for relative phase changing.

In LTE, gain switching may happen when closed-loop power control adjusts every KPUSCH TTI (KPUSCH= 4 for FDD, for example). It is the worst case that gain switching happens every TTI, that is to say, the shift frequency of the relative phase is 1000Hz.
Amplitude of relative phase discontinuity

Similar as HSDPA, we propose the relative phase discontinuity to be modelled as the relative phase jumps with discrete values. To be specific, the positive or negative constant value will be generated randomly at each power switching point. A fragment of the pattern is given in Fig.1, Δ(Δθ) stands for the random relative phase difference, where Δθ represents the phase difference between two antennas at a certain subframe and Δ(Δθ) is the change of Δθ across the adjacent subframes. φ(p)(t) stands for the absolute phase of antenna port p. To facilitate simulation, the absolute phase of antenna port 0 is always set to zero, and the absolute phase of antenna port 1 is changed according to Δ(Δθ). If S(p)(t) stands for the time-continuous signal for antenna port p, then the transmitting signal should be
Str(0)(t)= S(0)(t)
Str(1)(t)= S(1)(t)×exp(jφ(1)(t))
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Fig. 1 Elaborating on relative phase discontinuity modelling
Different Δ(Δθ) leads to different performance degradations. The phase shift should be limited to a level to keep an acceptable demodulation performance. Different relative phase shift values are simulated to evaluate the performance loss.

2.3. Performance evaluation
For UL-MIMO, the precoder (or PMI) is measured by eNB in subframe n, but it could not be used instantaneously and would be used in subframe n+k due to processing delay. If the phase between two transmit antenna jumps sharply from subframe n to n+k, the PMI estimated previously could not match the channel after the relative phase jump, which causes the performance loss. If rank is equal to two, the fixed precoder for UL-MIMO would be used. But if rank is equal to one, the eNB would conduct the precoder estimation based on SRS, for example. So the impact of relative phase discontinuity mainly degrade the performance of rank 1 and would have small impact for rank 2 case, if two transmit antennas are used for UL-MIMO. And for transmit diversity, the precoder would not need to be predicted too.Therefore, our simulation mainly focuses on rank 1multiplexing cases.

Simulation assumptions for PUSCH in fading condition are reused in this evaluation. Power level change is not performed in the model for simplicity. SRS transmission is configured for channel state estimation and precoder measurement. SRS transmission period is set to a normal configuration. Time delay between precoder measurement and data transmission is the typical 8ms. For LTE uplink, identity precoding is adopted for full-rank transmission which means there is no codebook selection for 2Tx rank2 transmission. Therefore rank is fixed to 1 in order to evaluate the impact of the phase shift on closed-loop precoding gain. Also, warm up TTI is set for SRS sweeping. In the simulation, we just use Δ(Δθ) or - Δ(Δθ) as the worst case, since in real network, the phases less than Δ(Δθ) would occur. The details of simulation assumptions could be found in table 3 and table 4 of Annex.
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Fig. 2 Simulation results for different relative phase shaft cases
Table 1 SNR(dB) at 70% of the maximal throughput
	Antenna correlation
	Phase shift frequency
	Phase Continuity
	Phase Discontinuity
10° 
	Phase Discontinuity
20° 
	Phase Discontinuity
30° 
	Phase Discontinuity
60° 

	low
	1000
	8
	8.2
	8.7
	9.2
	9.4

	high
	1000
	9.1
	9.4
	11
	12
	N/A

	high
	500
	N/A
	N/A
	N/A
	10.5
	N/A

	high
	100
	N/A
	N/A
	N/A
	9.3
	N/A


Table 2 Performance loss(dB) at 70% of the maximal throughput
	Antenna correlation
	Phase shift frequency
	Phase Continuity
	Phase Discontinuity
10° 
	Phase Discontinuity
20° 
	Phase Discontinuity
30° 
	Phase Discontinuity
60° 

	low
	1000
	0
	0.2
	0.7
	1.2
	1.4

	high
	1000
	0
	0.3
	1.9
	2.9
	N/A

	high
	500
	0
	N/A
	N/A
	1.4
	N/A

	high
	100
	0
	N/A
	N/A
	0.2
	N/A


Fig.2 present simulation results on PUSCH throughput performance for different relative phase shift values and different shift frequencies. The required SNR and performance loss at 70% of the maximal throughput for different cases are summaried in Table 1 and Table 2, respectively.
From Fig.2, Table 1 and Table 2 we observe that the larger relative phase shift, or the faster the phase shifting frequency, the larger the performance loss. For 60 degrees case, it is about 1.4dB loss when compared to no relative phase shift case.
Performance loss of 2.9dB due to the relative phase discontinuity is observed when the antenna correlation is “High” and the phase discontinuity is 30°.
It is suggested that RAN4 take the above performance evaluation into account when setting the requirements of relative phase discontinuity.
3. Conclusion
In this contribution, the possible reasons for relative phase discontinuity are discussed first, and then we propose a model on the relative phase discontinuity profile. The performance of different phase shift values based on this model is evaluated thereafter. Ways of improvement on the modelling can be further discussed.
It is suggested that RAN4 take the above performance evaluation into account when setting the requirements of relative phase discontinuity.
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Annex
Table 3 Reused Simulation Assumptions
	Parameter
	Value

	Channel model
	EPA5

	Antenna configuration
	2x2

	Antenna correlation
	Low, High

	Noise model
	AWGN

	Channel bandwidth
	10MHz

	Channel estimation
	real

	Noise estimation
	real

	Cyclic prefix
	Normal

	Resource allocation
	Full RB allocation

	Modulation scheme and code rate
	16QAM 3/4

	Rank
	1

	Receiver
	Linear MMSE

	Number of HARQ processes
	8 HARQ processes for FDD

	Maximum number of HARQ transmissions
	4

	Redundancy version
	 0, 2, 3, 1, 0, 2, 3, 1

	HARQ combining
	Incremental redundancy

	Simulation length
	10000 subframes


Table 4 Additional Simulation Assumptions
	Parameter
	Value

	SRS transmitting period
	10 ms

	SRS transmitting subframe
	3

	Precoder measurment
	Adaptation

	SRS processing delay
	8 ms

	Warm up TTI
	50

	Δ(Δθ) 
	0°, 10°, 20°, 30°, 60° 

	Phase shift frequency (Hz)
	1000, 500, 100
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