TSG-RAN Working Group 4 (Radio) meeting #64-Bis
R4-125556
Santa Rosa, CA, USA, 8 – 12 October, 2012

Source:
Nokia Siemens Networks

Title:
Initial simulation results of time alignment error for HSUPA with MIMO
Agenda item:
6.13.1
Document for:
Discussion
1 Introduction

At RAN#54 meeting a work item on introduction of MIMO with 64QAM for HSUPA was approved [1]. As discussed during RAN4#64 meeting and presented in contribution [2] and [3], most of the relevant UE core requirements can be adopted directly from UL CLTD because of the similarity between both features. However, some of the requirements have to be revised due to the differences in particular solutions used for both features. One of those requirements is time alignment error between UE transmission branches. This document presents initial simulation results of TAE for HSUPA with MIMO.
2 Discussion

Similarly to UL CLTD, it is expected that TAE for UL MIMO will have an impact on general BS performance requirements. Because of that, it is beneficial to evaluate this impact by simulation process and propose particular value for the requirement. 
TAE simulations should allow to define the maximum tolerable TAE between signals transmitted from different antennas of the UE in the UL MIMO system. The task is similar to CL-BFTD TAE impact analysis, already completed in RAN4, but there are also essential differences. Nevertheless, the conclusions made for CLTD should be used as a guidepost in the current work and help to finalize the requirement with minimum effort.

First of the abovementioned differences says that the UL MIMO is expected to work at high RX Ec/N0 target (about 20 dB or even higher), that assumes the requirements to be essentially stricter. The RX Ec/N0 target of 20 dB is proposed for generation of the results in initial simulations.
Second, the CL-BFTD TAE analysis (simulations) used a fixed rate simulation approach with TX Ec/N0 and RX Ec/N0 degradations considered as evaluation metrics. However, UL MIMO requires rate adaptation to be applied at least to the secondary data stream to obtain meaningful results. The adaptive rate simulations have never been considered in RAN4 before, nevertheless rate adaptation for both spatial streams is proposed to be taken for RAN4 TAE simulations for UL MIMO.
As mentioned above, the TX Ec/N0 and RX Ec/N0 characteristics are not appropriate for UL MIMO TAE simulations with rate adaptation. As such, the metric of throughput degradation is proposed as the ultimate metric of the system performance. 
The table 1 includes the summary of the proposed simulation assumptions with further details.

Table 1. TAE simulation assumptions for UL MIMO
	Parameter
	Value

	Simulation approach
	Rate adaptation for both spatial streams

	RX Ec/No target
	20 dB

	TX and RX signal oversampling ratio
	Sufficient so that the simulated TAE is at least two times larger than the time sample

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, and S-E-DPDCH

	T2TP
	(10 dB (depending on the E-TFC)

	E-DCH TTI
	2 ms

	Modulation
	16QAM, 64QAM 

	TBS
	Variable: 120 – 32832 bits 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	LMMSE-based realistic

	Inner loop power control
	On

	Outer loop power control
	On

	Number of TX weights
	4 entry phase only codebook

	TX weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TX weight vector feedback delay
	4 slots

	TX weight vector feedback error rate
	0%

	TX weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Marginal loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	PA3, VA3

	Correlation of channel realizations between TX and RX antennas
	0

	Number of RX antennas
	2

	NodeB Receiver Type
	LMMSE

	MIMO rank selection
	Fixed rank-2

	TPC feedback error rate
	0%

	TPC feedback delay
	2 slots

	TPC period
	1 slot

	TAE between the RX antennas
	0


According to the assumptions from table 1, the simulation results in table 2 and table 3 present throughput degradation for different values of TAE. 
Table 2. TAE simulation results for UL MIMO (16QAM)

	
	Timing Error between the TX antennas [chips], 16QAM

	
	0
	1/8
	1/4
	1/2

	Throughput [kbps]
	PA3
	12804
	12285
	12798
	9123

	
	
	0.00%
	-4.05%
	-0.05%
	-28.75%

	
	VA3
	10803 
	10463 
	10385 
	7691 

	
	
	0.00% 
	-3.15% 
	-3.87% 
	-28.81% 


Table 3. TAE simulation results for UL MIMO (64QAM)

	
	Timing Error between the TX antennas [chips], 64QAM

	
	0
	1/8
	1/4
	1/2

	Throughput [kbps]
	PA3
	13160
	11127
	12526
	7841

	
	
	0.00%
	-15.45%
	-4.82%
	-40.42%

	
	VA3
	9767
	9484
	9118
	7325

	
	
	0.00%
	-2.90%
	-6.64%
	-25.00%


As could have been predicted, higher TAE values lead to stronger degradations, except of several points where such behaviour is expected due to channel estimation and equalization peculiarities. It might be assumed that acceptable throughput degradation shouldn’t be higher than a few percentages. According to that, TAE=1/8 Tc is the most relevant value. However, in most of cases the degradation caused by TAE=1/4 Tc is not much higher than for 1/8 chip and from the other side it is relatively lower than degradation caused by TAE=1/2 Tc. Also from the implementation point of view, TAE=1/8 Tc might cause some difficulties and because of that make the whole feature less attractive. Nevertheless it is desirable to specify as low as possible TAE to minimize performance degradation. Taking all of that into account it is reasonable to initially agree that time error requirement for UL MIMO transmission should not be higher than 1/4 Tc.
TAE value for CL-BFTD has been agreed on 0.4 Tc. It was already mentioned, that to obtain similar performance degradation for UL MIMO, time error for new feature has to be lower. The discussion on TAE requirement for CLTD took a long time and generated a lot of simulation results. The simulation campaign was preceded by extended discussion on simulation assumptions. In the end, regardless of assumed simulation parameters and obtained results, the conclusion was the same, i.e. time error should be less than 1/2 Tc. This time to avoid unnecessary work, long discussions on simulation parameters and generation of many results, it is proposed to base on the simulation assumptions and results presented in this contribution. We believe that the used metric and assumed parameters reflect one of the most possible scenarios for real UL MIMO transmission. Therefore, the obtained results present reliable ranges of throughput degradation. 
Simulation didn’t take into account the time error on NodeB side. It was assumed in CLTD simulations but in the end according to real NodeB implementation, where time error is almost zero, those results were considered rather as theoretical. 
According to the presented simulation results and short analysis, 1/4 Tc seems to be the most reasonable value for UL MIMO UE time alignment error, when we assume zero time error on NodeB side. Of course, to minimize performance degradation, the time error should be as low as possible, however TAE=1/8 Tc requirement may cause some implementation difficulties.
3 Conclusion 
This contribution presents initial simulation results of time alignment error for HSUPA MIMO transmission. There are no doubts that TAE requirement for UL MIMO has to be lower than for CL-BFTD due to the rate adaptation to be applied to data streams. According to that, we propose that UE time error for UL MIMO should not be higher than 1/4 Tc, which seems to be the most reasonable value for the requirement at this moment. We also suggest to not extend the discussion on this issue too much and try to close the requirement as soon as possible.
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