3GPP TSG- RAN WG4 #58AH 
R4-111946
Shanghai, China, 11 – 15 April, 2011
Source: 
Nokia Siemens Networks
Title: 
Impact of relative phase continuity on BS performance for UL MIMO
Agenda Item:
5.5.4
Document for:
Discussion
1 Introduction

During last RAN4#58 meeting, RAN WG4 received an LS from WG RAN1 [1], asking on the performance requirement for phase continuity between multiple antenna ports for UL MIMO transmission, within Rel-10 time frame. Mentioned LS was triggered by RAN1 concerns related to the phase stability which might degrade codebook based precoded transmission for UL MIMO, leading to possible eNodeB performance degradation. 
Additionally, one discussion paper was also submitted to the last RAN4 meeting on this topic [2], with the conclusion that RAN4 needs to study the BS performance impact. It was proposed to introduce relative phase continuity definition in order to keep aligned understanding of the phenomenon to be modelled and simulated. Based on the proposal in [2], the following definition might be adopted (updated definition from [2]): 
Relative phase continuity is the deviation of the transmission phase (expresses in degrees) between any two UE antenna ports, for particular precoders from applicable UL MIMO codebook, measured during one subframe duration. Based on such definition, maximum allowed relative phase deviation can be defined, based on acceptable UL throughput degradation level.   

In order to simplify evaluation of the BS performance impact, first we look at the static case (i.e. relative phase continuity not being function of time), by modelling static phase shift, on top of the UL MIMO precoding codebook.
In this contribution, we are presenting simulation results of the BS performance impact due to relative phase continuity, based on the model described below.
2 Model assumptions
It was assumed, that this kind of evaluation shall not limit any UE implementation. Therefore, performance impact evaluation was based purely on the additional relative phase shift consideration, on top of the UL MIMO transmission. 
· UE: 2Tx 
In order to simplify the analysis, we focus on the 2Tx case only, following RAN#51 discussion and decision on the UL MIMO exception sheet in [4], i.e. 4Tx removal from Rel-10 timeframe.

· UE at 3km/h

· EPA5 Hz 

· BS: 2Rx 

It is felt, that conclusion from this analysis will not differ for 4Rx diversity, therefore we limit simulated cases to 2Rx only. 

· Rank 1 transmission

Four precoders considered (0-3). 

· Link adaptation enabled 

Link adaptation including AMC and precoder selection was enabled to better capture the performance impact from phase shifts. Phase shift effectively alters the channel used during data transmission from the channel used in the link adaptation and precoder selection. Hence link adaptation enabling is critical for capturing the impact on performance. The channel estimate used for MCS and precoder selection was with 10 ms time offset to the PUSCH transmission and was not affected by the phase shift. 

· UE model: one antenna port is considered as anchor port (phase according to the BS signalled precoder), second antenna port is subject to the additional phase shifts. 
Phase shift occurs for PUSCH transmission, thus, affecting PUSCH reception and the related channel estimation.
· Static phase shift value
Based on the precoder codebook design (i.e. precoders for 2Tx distributed with 90deg granularity) it was felt as appropriate to look at the BS performance degradation for phase shifts values being able to influence the decoder’s decision. Based on this understanding, the following phase shift values were selected for analysis, irrespective of the fact that those values might look as extremely large and too pessimistic: 30, 45 and 60deg. 
· Phase shift applied with randomly selected rotation (+/-), relative to anchor antenna port phase.
Rotation was selected independently for each subframe. Random selection of phase shift direction might not be the best model for discussed phenomenon, especially considering different UE implementations, but this analysis focuses on the BS performance impact, not UE imperfections modeling itself. 
· Antenna correlation: low, medium

Antenna correlation cases were selected according to RAN4 discussions on the cases, where UL MIMO benefits are visible, in terms of UL throughput.

· MIMO channel model according to 36.817

· FRC selection: full RB allocation
· Full buffer simulations

· 2GHz carrier

3 Simulation results
In this section, simulation results are presented based on the model as described in section 2. Based on the derived results, PUSCH throughput degradation percentage results were also calculated and tabularized in tables below. 
Figure 3.1 PUSCH performance comparison (1.4MHz, 2x2, low correlation)
[image: image1.emf]2x2, low correlation, 6PRB
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Tabularized PUSCH throughput degradation results for cases plotted on figure 3.1 were captured in table 3.1. 
Table 3.1 Tabularized UL throughput degradation results (1.4MHz, 2x2, low correlation)
	SNR [dB]
	30deg
	45deg
	60deg

	-6
	8%
	18%
	29%

	-4
	5%
	12%
	21%

	-2
	3%
	8%
	15%

	0
	2%
	7%
	13%

	2
	2%
	6%
	11%

	4
	3%
	6%
	11%

	6
	2%
	5%
	9%

	8
	2%
	5%
	8%

	10
	2%
	5%
	8%

	12
	2%
	4%
	7%

	14
	2%
	3%
	6%

	16
	1%
	2%
	4%


Figure 3.2 PUSCH performance comparison (1.4MHz, 2x2, medium correlation)
[image: image2.png]2x2, medium correlation, 6PRB





Tabularized PUSCH throughput degradation results for cases plotted on figure 3.2 were captured in table 3.2. 

Table 3.2 Tabularized UL throughput degradation results (1.4MHz, 2x2, medium correlation)
	SNR [dB]
	30deg
	45deg
	60deg

	-6
	13%
	32%
	44%

	-4
	10%
	22%
	39%

	-2
	5%
	15%
	31%

	0
	3%
	12%
	25%

	2
	1%
	10%
	22%

	4
	2%
	10%
	21%

	6
	2%
	9%
	19%

	8
	2%
	9%
	17%

	10
	1%
	7%
	15%

	12
	2%
	7%
	13%

	14
	1%
	5%
	9%

	16
	1%
	4%
	7%


Figure 3.3 PUSCH performance comparison (5MHz, 2x2, medium correlation)
[image: image3.emf]2x2, medium correlation, 25PRB
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Tabularized PUSCH throughput degradation results for cases plotted on figure 3.3 were captured in table 3.3. 

Table 3.3 Tabularized UL throughput degradation results (5MHz, 2x2, medium correlation)
	SNR [dB]
	30deg
	45deg
	60deg

	-6
	8%
	27%
	48%

	-4
	5%
	19%
	37%

	-2
	4%
	14%
	30%

	0
	4%
	13%
	26%

	2
	2%
	11%
	23%

	4
	3%
	10%
	22%

	6
	2%
	9%
	19%

	8
	2%
	9%
	17%

	10
	2%
	7%
	16%

	12
	2%
	6%
	13%

	14
	1%
	5%
	11%

	16
	1%
	5%
	8%


Figure 3.4 PUSCH performance comparison (15MHz, 2x2, medium correlation)
[image: image4.emf]2x2, medium correlation, 75PRB
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Tabularized PUSCH throughput degradation results for cases plotted on figure 3.4 were captured in table 3.4. 

Table 3.4 Tabularized UL throughput degradation results (15MHz, 2x2, medium correlation)
	SNR [dB]
	30deg
	45deg
	60deg

	-6
	4%
	27%
	48%

	-4
	2%
	17%
	37%

	-2
	2%
	15%
	31%

	0
	2%
	13%
	27%

	2
	1%
	11%
	25%

	4
	1%
	10%
	22%

	6
	1%
	10%
	20%

	8
	1%
	8%
	18%

	10
	2%
	8%
	17%


Looking at the PUSCH throughput degradation percentages for all simulated cases, it is felt that 30deg phase shift case might the only one (among those simulated) being considered as acceptable for further analysis, based on the 10% throughput degradation threshold. 
In all simulated cases and with the phase shift as high as 60 degrees, keeping in mind that phase differences between precoders for 2Tx UE codebook are 90degrees, it was still possible to outperform 1x2 transmission, but with the gain being marginal is some cases.
Referring back to the proposed relative phase continuity definition, possible requirement shall be defined per time unit. In order to derive its value form the simulated cases and considering assumed model, static phase amount shall be divided by 10 (ms), leading to 3deg, 4.5deg and 6deg per subframe, respectively. It shall be noted that presented model as well as the possible requirement derivation methodology shall be considered only as rough estimation of possible requirements range for phase continuity, not evaluating any particular UE implementation. 
4 Conclusion

This contribution presents analysis of the UL MIMO performance, with consideration of relative phase continuity model, as described in section 2. No particular UE design was considered in this contribution, focusing only on the receiver side impact. 
Based on the simulation results, assuming certain limitations in the applied model, it was confirmed that relative phase dis-continuity will have negative impact on the BS performance, as expected. Trying to evaluate the quantitative impact on the UL performance and assuming that 10% UL throughput degradation is the acceptable degradation threshold, it was observed, that 45deg and 60deg static phase shift cases lead to unacceptable throughput degradation, in most cases. 
It is felt that 30deg phase shift case might the only one (among those simulated) being considered as acceptable for further analysis, based on the 10% throughput degradation threshold. 

Despite of the presented evaluation, it is felt that more detailed analysis might be required before final conclusion can be achieved on the acceptable relative phase dis-continuity imperfection impact on the BS performance.  
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