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1. Introduction

In TSG RAN#50, a study item [1] was opened to investigate the feasibility and merits of UL MIMO. In this contribution, we propose two alternative simulation frameworks and associated set of system simulation assumptions/metrics to evaluate the performance of this feature.
Section 2 describes the traditional system simulation methodology and framework used to evaluate system level gains such as improvement in average and cell-edge user throughput. Therein, we also list associated system parameters settings that would be most relevant for the study of UL MIMO feature. Also, we highlight some open issues. As will be argued therein, UL MIMO makes most sense in isolated small cell settings with partially loaded system. This gives us motivation to consider an alternative simulation methodology described in Section 3, where system level gains are proposed to be captured in a link level simulation setting.
2. Traditional System Simulation Framework
2.1. Methodology

UL MIMO as a feature enables increase in the peak and average throughput, as well as higher spectral efficiency by allowing the possibility of dual stream transmission in suitable channel conditions. In many ways, UL MIMO builds on top of single stream transmissions of UL CLTD. Many of the cell-edge user benefits from UL MIMO are inherited from the use of transmit diversity techniques, either beamforming or antenna switching which already incorporated into UL CLTD. These cell-edge benefits are being captured within the context of the ULTD work item [2]. In this sense, the incremental system level benefits of UL MIMO over UL CLTD are expected to show up in the form higher peak and average user throughput. For this reason, we propose to evaluate the merits of UL MIMO in small cell scenarios with a high degree of isolation and high ROT target at the Node-B receiver. Other system level parameters and settings follow the typical system simulation methodology, such as that used for ULTD study in [3] and are listed in the following sub section.
2.2. System Simulation Parameters

Table 1: UL MIMO System Level Parameters
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	500, 1000(*)

	Inter-site isolation [dB]
	6

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                              = 70 degrees,   Am = 20 dB

Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt (*)                                                       

	Channel Model
	PA3, VA3
AWGN(*), PB3(*)

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Full Buffer Traffic)

	NodeB Receiver
	2-stage MIMO Equalizer

	Channel Estimation
	Realistic – 3 slot filtering

	NodeB Receiver Loss due to transmit diversity algorithms
	None

	Uplink HARQ
	2ms TTI, Max # of trans =4,Target BLER=10% after 1st trans

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (Note 1)
	0

	Short-term antenna imbalance [dB]  (Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0, 0.3(*)

	UE Rx Antenna Correlation
	0

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	MIMO Precoding Weight Generation
	Based on realistic channel estimate to maximize the composite channel gain of the serving radio link set

	MIMO Precoding Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Error Rate [%]
	Bit Error = 2%, Symbol Error ≤ 4%

	
	Channel Estimation
	Realistic (3 slot filtering)


An asterisk (*) indicates lower priority cases.
Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.
Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.

2.3. Performance metrics
The performance evaluation of UL MIMO should entail comparison across three setups:

· System with UE’s equipped with UL MIMO

· System with UE’s not equipped with any transmit diversity technique (baseline 1)

· System with UE’s equipped with UL CLTD (baseline 2)

The following metrics should be evaluated and compared for each of the above systems:

· Average and 10th percentile UE throughput – Absolute throughput as well as gain/loss of UL MIMO over baselines 1 and 2.
· Average UE total transmit power – Absolute total transmit power as well as any reduction/increase from UL MIMO over baselines 1 and 2
· Average UE primary DPCCH transmit power – Absolute primary DPCCH transmit power as well as any reduction/increase from UL MIMO over baselines 1 and 2.
· ROT – Mean and 90th percentile 

Whilst the above mentioned metrics are important to capture the gains from UL MIMO algorithms, companies are encouraged to provide any additional statistics that may shed insight into these algorithms. 

2.4. Other Issues

UL MIMO has various design issues that are open for discussion. Some of these issues are common to UL MIMO and UL CLTD such as:-

· UL pilot channel structure

· Feedback scheme design

· If multiple NodeB’s can generate precoding feedback then how does the UE combines multiple PCI

commands into one common PCI? 

However, evaluation UL MIMO brings additional design issues which need to be addressed. These include:-

· E-DCH
· Single or dual E-DCH transport block per TTI for dual stream transmission
· A secondary pilot channel
· Boosted or non-boosted

· Scheduling issues

· Single or dual grant channels – AGCH and RGCH
· Dynamic switching between single and dual stream

· Dual stream E-TFC selection – selection of E-TFC on primary and secondary streams based on allocated grants
· Outerloop SIR target adjustment based on multiple MIMO streams
· Maximum power scaling for dual stream transmissions 

Most if not all of the design considerations listed above would have impact on system simulation results, to varying degrees. Hence, it is proposed to discuss and decide on a default design for these issues to help progress the system simulation efforts.

Further, it is important to accurately capture the E-DCH decoding on second stream to evaluate the benefits of UL MIMO in system simulations. Since the second stream is transmitted on the weaker eigen mode, which typically has very different fading characteristics than the primary eigen mode, it is proposed to model the decoding of the second stream by means of a separate set of short-term curves generated from link simulation for this purpose. Then again, this is contingent on a design choice wherein two separate E-DCH transport blocks are used for dual stream transmission. In case only single transport block scheme is chosen, the model for E-DCH channel decoding for MIMO dual stream transmissions in system simulations would need further discussion.  
Proposal: Discuss and decide on a default of UL MIMO design to enable progress of system simulation effort.

3. Alternative to System Simulation - Link Simulation with Rate Adaptation and Power Control
As discussed in the previous section, UL MIMO as a feature entails most of its benefits in small cell scenarios with isolation and partially loaded systems. This setting is not much different from what is typically evaluated in a link simulation setup. Thus, the link simulation becomes a viable alternative to the traditional system simulation setup described in the previous section for evaluation of UL MIMO gains. Of course, link simulations typically do not have a concept of rate adaptation. So a typical link setup would need to be modified to allow dynamic control of the transport block size of MIMO transmissions, and also the choice of whether to transmit data on one or two streams. Here we describe a framework to evaluate UL MIMO gains using such a link simulator set up. This follows the description of methodology option-D in [4].
3.1.  Link simulation framework
The link simulation framework can be described as follows:
a)     Power control operates only on one of the two MIMO streams. Thus, inner loop power control ensures that this stream SNR achieves its target, and outer loop power control ensures that the target is chosen to meet a desired BLER for the data packet sent on this stream after a desired number of HARQ attempts.

b)    The precoder is chosen from among available precoders in the codebook, to maximize the SNR of the stream that is being power controlled. Thus, power control operates on the strong stream. When UE reverts to single stream transmission, the transmission is made on this stream. If SVD based precoding is used, the streams output by the SVD precoder are ordered such that the strong stream is the one being power controlled.
c)    UE has no limit on transmit power. The UL MIMO feature is primarily aimed at achieving throughput gains, hence power-limited UEs will not be the main ones that benefit from this feature. It is important to ensure that such UEs do benefit from CLTD gains, i.e., that UL MIMO UEs revert to single stream transmissions during low SNR conditions. However, low SNR conditions can be modeled using a Node-B receiver ROT constraint rather than UE transmit power constraint, as described below.
d)    The phase references for channel sounding of the two streams are transmitted at the same power. Note that more than one channel may be used to obtain the phase reference, eg., for high data rate, we have to use E-DPCCH together with DPCCH to avoid high DPCCH setpoints. The total power in the phase references for one stream is the same as that for the other. Further, during dual stream data transmissions, data channels from both streams are sent at the same power. The power offset between the data channel on each stream and the phase reference on that stream, referred to as ∆T2TP, is the same for all TBS.
e)    The scheduler in the Node-B receiver measures the receive chip-level SNR (Rx Ec/No) of the UE waveform, and attempts to select the number of streams and the payload sizes on the streams so as to keep Rx Ec/No at a particular target. This models the ROT control in practical schedulers. The target value for Rx Ec/No is fixed for the duration of the simulation, and is swept in multiple simulations. In each simulation, the average throughput and Rx Ec/No are recorded, giving a curve of throughput against Rx Ec/No. This curve is a performance metric of the simulation. By comparing curves for a MIMO and SIMO UE, we can measure MIMO gain as a throughput gain percentage at a given Rx Ec/No. The Rx Ec/No for a MIMO UE is defined as follows:
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Note that to obtain the performance metric curves, Rx Ec/No is computed using the true values of Ecp/No on the primary and secondary stream, based on the channel realization. For purpose of selecting the TBS however, the scheduler does not know the channel and must use estimates of Ecp/No instead.
f)    Every choice of TBS on the primary stream is associated with a particular pair of values for 
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then decide the transmit powers of the secondary stream pilot and data, and hence the RxEc/No. The RxEc/No does depend on whether or not data is sent on the secondary stream, but given that data is sent, it does not depend on the exact payload size. However, the powers on all the channels does decide the SNR that would be experienced by the secondary stream, which determines the size of the payload that can be reliably sent on the secondary stream. The scheduler chooses 
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 (i.e., the number of streams on which data is sent) and the payloads on each stream (the secondary stream payload may be considered zero if data is only sent on one stream), to maximize the sum of the payload sizes subject to the constraint that the RxEc/No not exceed the target.
g)    The BLER on the primary stream is controlled by the inner and outer power control loops, and is thus maintained independent of the choices made by the scheduler. On the other hand, the BLER on the secondary stream depends directly on the payload selected on that stream by the scheduler. The scheduler must estimate the SNR that would result on the secondary stream as a result of its choices of primary stream TBS, and match that SNR to a payload that gives acceptable BLER. The throughputs achieved will depend on the BLER. So as to have a fair comparison against SIMO, we should target the same BLER on the secondary stream as on the primary stream. Due to errors in SNR estimation which will depend on channel model, we need an SNR margin loop in the scheduler to accurately control the secondary stream BLER, just as outer loop power control maintains the primary stream BLER. The margin loop applies a backoff to the computed SNR before mapping it to a TBS, and varies the backoff depending on the decoding status of the packets after the target number of HARQ transmissions, in order to maintain the desired BLER.
h)    In evaluating different TBS choices at step (f), the scheduler has to estimate receive SNR on the secondary stream that would result from different transmit power levels corresponding to the different TBS choices. The receive SNR is usually measured at the output of the Node-B receiver (eg, equalizer). A simple approximation would be to assume that this SNR is proportional to the transmit power level, so only one SNR measurement is required. A more sophisticated receiver could assume only that the energies of the channel estimates input to the receive SNR measurement algorithm are proportional to the transmit pilot power level. So it recomputes the SNR by scaling these channel estimates accordingly for each hypothesis of transmit pilot power level.

i)    The scheduler can accurately target the desired RxEc/No target only in the slots immediately following packet decoding terminations on both MIMO streams (either due to successful decoding or due to failure after the maximum number of HARQ attempts). In other slots, ongoing packet transmissions limit the scheduler’s ability to change the packet sizes (and thus the corresponding transmit power levels, based on the associated T2P and EDPCCH-C2P) to target the desired RxEc/No. Even in slots where both packet sizes can be changed, the targeting is limited by the accuracy of its Ecp/No estimates. Thus, a measure of the accuracy achieved in targeting the desired RxEc/No must be part of the simulation performance metrics. We propose recording the difference between some statistical measures of the RxEc/No and its target. The statistical measures could be the mean and the 90th percentile of the RxEc/No.
j)    Since the evaluation is done entirely using a link simulator, there is no need to define and execute procedures for generating curves for link to system-simulation mapping.
3.2. Performance metrics

1) Curve of throughput vs. RxEc/No, as described in Section 3.1, item (e), for SIMO, CLTD and MIMO UEs.
2) From the curves above, throughput gain percentages for MIMO and CLTD when compared to SIMO, at ROT values of interest (eg, 5dB, 10dB, 15dB).

3) RxEc/No mean and 90th percentile, compared relative to the target RxEc/No.

4) Curves in (1) and gain percentages in (2) can be recalculated using transmit Ec/No instead of RxEc/No. This is to ensure that transmit power savings from CLTD are preserved or improved upon in MIMO. Transmit Ec/No is computed using a formula exactly like that for RxEc/No except that it uses transmit Ecp/No instead of receive Ecp/No.
4. Conclusions

Two alternate methods to evaluate the performance gains from UL MIMO in HSPA are described. 

The first framework entails traditional system simulation methodology with a small cell setup and isolation between cells. Some open design issues that have impact on system simulations in this framework have been highlighted as well. 

An alternative method to the traditional method of system simulation is based on modified link simulation incorporating both rate and power control mechanisms. We have described such a setup in detail. This is one of many link evaluation methodology options discussed in [4]. As explained in [4], due to advantages in terms of MIMO gains as well as saving on the effort for a separate system simulation and associated link-to-system simulation mapping curve generation, this is our preferred option for link and system simulation. 
Proposal: Agree on the alternative method of evaluating system level gains of UL MIMO in a link level setting.
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