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Introduction

In TSG-RAN#50 a new study item, “Uplink MIMO for HSPA”, was approved [1]. In this contribution we propose a simulation framework for link evaluation of this feature.
2
Motivation of rate adaptation for link evaluation
HSUPA uses fast (slot-rate) power-control to ensure stable operation of uplink channels and control of ROT at the Node-Bs. Thus, the traditional approach to link evaluation of HSUPA (for both SIMO and CLTD) involves transmission of  fixed-size payloads (constant TBS), running the inner and outer power control loops to target a particular packet decode rate (eg, 10% BLER after first transmission), and measuring the resulting mean transmit and receive pilot power level over the duration of the simulation. This can be repeated for multiple settings of the ratio of powers of E-DPDCH and DPCCH (i.e., the traffic to pilot ratio, or T2P), to optimize T2P to minimize the average EbNo for the chosen channel model.

This approach does not lend itself to easy extension for UL MIMO (2x2 or 2x4) where two independent streams of data packets are transmitted. The two streams experience different channel conditions, corresponding to the weak and strong eigenmodes of the MIMO channel. Thus, if two fixed packet sizes are chosen for these streams, one of the two following scenarios would occur: 

(a) We could use power control to ensure the targeted performance of one of the stream, which would then cause very different performance on the other stream. Eg., if only the strong stream is controlled, then the weak stream experiences much poorer performance, while if only the weak stream is controlled, we waste a lot of power to unnecessarily give the strong stream much better performance than required.

(b) Alternatively, we could use two independent power control loops to ensure the targeted performance of both streams. This approach suffers additional power-ratio feedback requirements, and for 2x2 MIMO, huge power overhead to invert the weak eigenmode which has zero diversity order, as explained in detail in [2].
The root cause for the above issues is the difference in the statistical nature of the channels experienced by the two streams. If the channels differed only in power levels, the problems may be solvable by an appropriate choice of the fixed second stream TBS as a function of the first stream TBS and the power level difference. But since the channel statistics themselves are different, this appropriate choice cannot be fixed – it would have to be made dynamically depending on the current channel condition. Thus, dynamic rate-adaptation or scheduling becomes a necessary component of link evaluation for UL MIMO.
In [2], we proposed a power control design for UL MIMO. The baseline design involved a single power control loop (inner and outer) to ensure decoding performance of the stream sent on the strong eigenmode of the channel, and  reliance on rate adaptation to control the performance of the other (weak eigenmode) stream. Such a scheme could be simulated using a fixed TBS on the strong eigenmode and a dynamically selected TBS on the weak one. However, given that we are forced to perform rate adaptation at least for the weak eigenmode, it makes sense to consider it for the strong eigenmode too. This is more aligned to how a practical system would operate, where the TBS is not fixed, but controlled by a scheduler based on various factors such as UE headroom, ROT budget available at NodeB, current channel condition, and fairness metrics.
Since link evaluation is restricted to a single UE and NodeB, effects like fairness across users and dynamic variation of available ROT budget and headroom cannot be captured. Thus, a general evaluation scheme could be as follows: (a) Fix the UE headroom, ROT budget at NodeB, and target decoding performance (BLER after a certain number of HARQ attempts). (b) Use power-control and scheduling to try and maximize throughput subject to meeting all these constraints. Measure the throughput and metrics showing how well the constraints are met (eg, achieved BLER and cdf of UE headroom and ROT). (c) Repeat for SIMO, CLTD and MIMO, and compare the resulting throughputs to measure the MIMO gain. Such a scheme leaves too much unspecified in terms of the detailed operation of the power-control and scheduling loops, and their interactions. For concreteness and simplicity, the simulation framework must specify more details about these. To this end, we propose that an initial evaluation be made with power control turned off and rate-adaptation turned on. All control and data channels will be transmitted at fixed power offsets relative to DPCCH, and the DPCCH power is also fixed within a simulation but swept over a range across multiple simulations. This is along the lines of the power control designs proposed in [2], where either the power control rate is slowed down to 500Hz to avoid power variations during packet transmission, or the power levels of E-DCH and its phase reference are decoupled from that of DPCCH so that the control channels can continue to have their legacy behavior and performance while E-DCH is transmitted at fixed power.
3
Simulation framework, parameters and metrics
3.1
Physical channels, precoding and power control

Details of channel coding and multiplexing considerations for UL MIMO can be found in [3]. We will assume 2ms TTI with data scheduled on all HARQ processes, since these are the conditions that realise the  main goal of the UL MIMO feature, i.e., increased throughput. We will initially focus on the case where two independent data packets are independently coded and transmitted on the two MIMO streams. As explained in Section 2, power control will be turned off, and for simplicity, all packets will use a fixed T2P. Similar to the UL-CLTD studies, we will allow closed loop precoding for UL MIMO, and both pilots and data will be assumed to be precoded. Thus, the second spatial stream pilot and data will be transmitted on the secondary precoding vector, while all other transmitted channels would use the primary precoding vector. The second stream data may not be transmitted if the scheduler makes the decision to fall-back from dual to single stream transmission, in which case, the extra power available from absence of this transmission will be used to increase the power levels of the pilot channels, and consequently, of all other transmitted channels.
We assume that during UL MIMO transmission, each spatial stream will independently use the same algorithms for selection of modulation scheme (QPSK/16QAM), spreading factor, and rate-matching based on choice of TBS, as is done during SIMO transmission. For example, the rule that the modulation scheme is QPSK for all payloads less than 8105, and 16QAM otherwise, will be applied to both stream payloads. UL MIMO requires use of same spreading factor and OVSF code on both the transmit streams. The common choice of rate matching attributes PL_max=0.33 and PL_nonmax=0.66 causes all TBS ≥ 3988 to use the 2xSF2+2xSF4 spreading factor choice, so we assume that UL MIMO will be configured only if each spatial stream supports a payload of at least 3988. In case dual stream transmission becomes required with smaller payloads due to a HARQ retransmission on one of the streams, then the smaller payloads will be forcibly rate-matched to use the 2xSF2+2xSF4 configuration, in a deviation from the current SIMO specification.
3.2
Node-B receiver
We assume a parametric channel estimator with fingers placed at the channel tap locations. A MIMO LMMSE receiver is simulated, which performs equalization in both the temporal and spatial domains. Nonparametric estimators for channel and for signal and noise covariance matrices will  be studied in a future step.
3.3
Scheduler and single vs. dual stream selection

The scheduler measures the post-equalizer pilot symbol SNR on each of the two MIMO streams, converts the symbol SNR to chip SNR by dividing by the T2P and spreading factor, and then maps them to an appropriate TBS using a look-up table. The table we use is an interpolated version of Table 1 below. Table 1 is derived offline based on running a SIMO (1x2) link simulation in AWGN with power control turned off , for each of the transport block sizes listed in Table 1 and logging the true DPCCH (pilot) SNR required to meet 10% BLER after the 1st HARQ attempt. For the case of 4 receive antennas, the required Ecp/No values are lowered by 3dB with respect to the values in Table 1. Due to the nonlinear dependence of the post-equalizer pilot SNR on the T2P and spreading factor in the MIMO case, the choice of the T2P and spreading factor can influence the computation of the pilot chip SNR that is mapped to TBS using the table. We use the same T2P that is used for all the payloads in the simulation, and use spreading factor=2, since MIMO always uses the 2xSF2+2xSF4 spreading factor.
Table 1: Ecp/No required for 10% BLER after 1 HARQ in AWGN, 1x2 Rx, ΔT2TP = 10 dB

	TBS [bits]
	Ecp/No [dB]

	120
	-25.6

	1593
	-15.8

	2856
	-13.4

	4913
	-11

	6859
	-8.8

	8105
	-7.4

	9985
	-6

	11316
	-5

	15798
	-1.8

	19462
	-0.8

	22995
	7.4


The scheduler must decide whether to use single or dual stream transmission, based on which one produces a higher sum throughput. When computing the throughput under each hypothesis (single and dual stream), it will account for the fact that the power used to transmit the second stream data channel during dual stream transmission will be instead utilized to raise power levels of all the other channels by the same amount in dB when single stream data transmission occurs.
3.4
Simulation assumptions
Table 1: Simulation assumptions for link evaluation of UL MIMO
	Parameter
	Value

	Physical Channels
	E-DPDCH, S-E-DPDCH, DPCCH, S-DPCCH,            E-DPCCH (both streams),

	E-DCH TTI [ms]
	2

	Modulation
	16QAM for TBS ≥ 8105, QPSK otherwise 

	TBS [bits]
	Variable based on NodeB scheduler

	Number of physical data channels and spreading factor on both MIMO streams 
	2xSF2+2xSF4

	ΔT2TP [dB]
	10

	Power ratio between primary and secondary pilot channels
	1 (i.e., 0 dB)

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	1

	Residual BLER
	10%

	Number of Rx Antennas
	2, 4

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic – 4  slot non-causal filtering

	Inner Loop Power Control
	OFF

	Outer Loop Power Control
	OFF

	Inner Loop PC Step Size
	N/A

	UL TPC Delay (sent on F-DPCH)
	N/A

	UL TPC Error Rate (sent on F-DPCH)
	N/A

	Precoding weight vector determination
	SVD or SNR based

	Quantization of Precoding vector
	Unquantized and quantized (2bits phase, or 2bits phase and 1 bit amplitude)

	Precoding Feedback delay
	1 slot

	Precoding Feedback error rate
	0

	Propagation Channel
	Single Path, {3, 30} km/hr (2x2 MIMO), PA3, VA3 

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	NodeB Rx Correlation
	0

	UE DTX
	OFF


3.5
Performance metrics of interest

a) Throughput in kbps, averaged over the duration of the simulation

b) Transmit Ec/No (Fixed in each simulation in the proposed framework, and swept over multiple simulations)

c)  Receive Ec/No averaged over the duration of the simulation.

d)  Average BLER

Note that the transmit and receive Ec/No are measured instantaneously based on the true channel together with the precoder in use, and then averaged over the duration of the simulation, just as is done in the SIMO and CLTD studies. The formulae to compute these quantities are also similar to those in SIMO and CLTD, i.e., 
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 are both transmit chip SNRs or both receive chip SNRs, and the subscripts 1 and 2 refer to spatial stream index. This reflects the assumption that all control channels are transmitted on the primary precoding vector. Note that 
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during single stream transmissions.
4
Conclusions

In this contribution, a simulation framework was proposed for the link evaluation of the UL MIMO feature for HSPA.
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