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1 Introduction
RAN#50 initiated a study item (SI) on closed multiple input multiple output (MIMO) transmission. The SI is planned for completion at RAN#53 (September, 2011) and it is associated with the following objectives:

Study the feasibility and merits of UL MIMO (including improvements in terms of average throughput in a cell, while taking into account the impact on the other aspects such as fairness, cell edge user throughput, etc) taking the closed loop transmit diversity into account for the following configuration

· Up to 2 streams can be transmitted by the UE

· UL MIMO transmission only applies to E-DCH physical channels

· UL MIMO cannot be configured with DC-HSUPA

· UL MIMO is applicable in CELL_DCH only

· Both 2x2 and 2x4 configurations should be considered with 2x2 as the baseline scenario

Furthermore, the following should be investigated:

· Impact on infrastructure implementation

· Impact on UE implementation
· Impact on performance of UEs not supporting UL MIMO (including legacy UEs)
This contribution discusses and proposes a link level simulation framework for UL MIMO. This includes aspects such as scenarios, simulation methodology, simulation parameters, and performance metrics. Needless to say, in order to capture all detailed UL MIMO aspects the simulation assumptions will to some extent have to depend on the chosen UL MIMO concept which is not agreed yet. This complicates the decision about simulation assumptions. 
However, the purpose of the SI phase is to investigate the feasibility and merits of UL MIMO which can be done without modeling all design aspects in detail. Keeping this in mind and in order to meet the timeline of the SI it is justified to use an as simple simulation framework as possible but still ensuring that the relevant aspects associated with UL MIMO are captured. Another fact that should be highlighted is that the link and system level simulations will, especially at low loads and/or high cell isolation (as further discussed in [6]), target very similar aspects. Given that the system level evaluations also consider the performance at low load it may be justified to use a rudimentary methodology for the link level evaluations. More detailed link simulations targeting particular design aspects can be seen as optional or left for a possible WI phase.

2 UL MIMO Design Aspects
Some initial discussions on design options for UL MIMO have been presented in [2]-[5]. This section summarizes some of the main design choices related to UL MIMO that will affect the link simulation framework.
As discussed previously in [2] there are two fundamental design approaches that can be considered for dual stream transmissions:

· Single codeword approach: In the single codeword approach one transport block is coded. The codeword is then split across the two virtual antennas. 

· Dual codeword approach: For the dual codeword approach two transport blocks, one for each MIMO stream, are coded and modulated independently of each other.  

As discussed in [2], the choice of a single or a dual codeword approach will affect the MIMO design in various ways. Since it is furthermore not obvious that one alternative is preferred over the other it should be possible to evaluate both of these approaches in the SI.

Proposal 1: The link level simulation framework should allow that both the single codeword and the dual codeword approach are studied within the SI.
2.1 Physical channel structure

To support MIMO operation a second pilot channel (S-DPCCH) is needed for demodulation and channel sounding purposes. At RAN1#63bis it was agreed (as a working assumption) that a pre-coded pilot structure should be applied for CLTD. We propose that the same pilot structure is used also for uplink MIMO (see Figure 1) REF _Ref285173951 \h 
. According to this structure:   

· The primary DPCCH, HS-DPCCH, E-DPCCH and E-DPDCH (associated with the first stream) are pre-coded with a common pre-coding vector w1=[w1 w2]T. 

· The secondary DPCCH (S-DPCCH) is pre-coded with an orthogonal pre-coding vector w2=[w3 w4]T, i.e. 
[image: image1.wmf]0

w

w

*

2

1

=

. Similarly, if S-E-DPCCH and S-E-DPDCH (associated with the second stream) are configured they are pre-coded with the same pre-coding vector w2.
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Figure 1: A pre-coded physical channel layout.
For uplink MIMO it is not obvious that a second E-DPDCH needs to be introduced and, if this is introduced, where the secondary E-DPCCH should be transmitted. At this point in time, our preference would be that the simulation framework should support structures where secondary E-DPCCH (if transmitted) is sent from the primary or the secondary virtual beam.

Proposal 2: A pre-coded pilot structure should be used in the link level evaluations of UL MIMO.

2.2 Power control

As discussed in e.g. [2] there are several advantages with adopting an UL MIMO solution based on a single inner loop power control (ILPC) loop and a single outer loop power control (OLPC) loop. Also, a single ILPC and a single OLPC was agreed for CLTD. Hence we propose that a single ILPC and a single OLPC is used also for the link evaluations of UL MIMO. 
Proposal 3: There is one ILPC loop and one OLPC loop in the link evaluations of UL MIMO.
3 Link Level Simulation Framework for UL MIMO
The objective with the SI is to quantify the potential gains that can be achieved with uplink MIMO. Considering the tight timeline for the SI we would favour a simulation framework that captures the main aspects of UL MIMO but avoids modelling detailed design issues.  Although these detailed aspects may have to be considered when making detailed design choices we believe that they are not needed to quantify the gains. Hence our preference would be that such aspects are optional or covered later during a potential WI.

3.1 Link-level framework 
The main purpose with the proposed framework is to avoid implementation efforts needed for quantifying the link performance for dual stream operation. One challenge lies in implementing rate adaptation and rank adaptation mechanisms. Hence, we would prefer to run simulations using simplified rank and rate adaptation. In the preferred framework implicit rate adaptation by means of repeated trials is used, and rank adaptation can optionally be implemented using a simple mechanism where rank-2 transmissions are employed if the SNR of the second stream is above a certain threshold, otherwise rank-1 transmissions are used. All this can be achieved by running simulations using fixed transport block size(s) with ILPC turned on and a fixed SINR target, i.e. OLPC turned off.

The methodology used in the simulation framework can be described as follows:

1) Chose a number of SNR operating points, i.e. find appropriate ILPC SINR targets that corresponds to certain total received Ec/N0s. For example let the total received Ec/N0 be {10, 15, 20} dB. Note that for dual stream transmissions Ec/N0 includes both streams. Note also that the SINR targets will be affected by various aspects, such as the channel model and the pre-coding weight selection mechanism.
2) For each SINR target, find the transport block size (TBS) that maximizes the throughput. This involves some numerical optimization procedure. Some additional steps or considerations include:

a.  The approach can be used irrespectively of whether a single or dual codeword approach is considered. For a dual codeword approach we need to sweep the TBS for each stream to find the optimum TBS for each stream. 
b. Note that since we do not have explicit control of the BLER, the BLER needs to be monitored to make sure it is at an acceptable level, e.g. less than 10% residual BLER.
c. A simple rank adaptation mechanism can be added by employing rank-2 transmissions if the SNR of the second stream is above a certain threshold, otherwise use rank-1 transmissions. 
Note that when going from a rank-2 transmission to a rank-1 transmission the payload of the primary stream can be increased.
Simulations using this framework are run for both SIMO and MIMO (two streams transmission) configurations. For each SNR operating point the performance of SIMO and MIMO is compared to assess the potential MIMO gain.
3.2 Codebook design and pre-coder control 

The codebook design for UL MIMO (single or dual stream transmission) is still an open question. One working assumption, however, is to re-use the codebooks proposed for UL CLTD, e.g. four phases. However, we do not believe that the link level simulations need to be restricted to this codebook (since there could exists, e.g., cubic metric reasons to adopt another codebook). Another open question is whether there are merits in aligning the ILPC update rate and the pre-coding weight update, e.g. slot based or sub-frame based.
Two simple pre-coder control candidate schemes are to use the singular vectors associated with an SVD of the channel response (non-codebook based) or to choose the vectors that maximize the post equalizer SNR of the primary stream (codebook based).
Proposal 4: Chose the pre-coding vectors that maximize the post equalizer SNR of the primary stream.
3.3 Coding and modulation 

Given the transport block size (for each MIMO stream) we assume that the legacy SIMO algorithms for determining modulation, spreading factors, rate-matching, etc are used. 

In particular, we need to ensure that both streams use a common set of channelization codes which for MIMO purposes are restricted to be 2xSF2+2xSF4 or a subset thereof.

3.4 Power settings
The following power settings are proposed:

· DPCCH and S-DPCCH are assigned the same power.

· For dual stream transmission the available data power is split equally between the two streams.

· Fixed beta values irrespectively of the SNR operating point (TBS) are used. Furthermore, both streams use the same beta values.

3.5 Receiver structure

As a baseline receiver structure we propose to consider a MIMO capable LMMSE receiver using two or four receive antennas. Investigations employing more advanced receiver types, e.g. SIC, are optional.
3.6 Channel models

Gains from UL MIMO can mainly be expected in favourable radio environments. Another aspect that influences the MIMO performance is the antenna configuration. However, considering the tight time schedule for completing the UL MIMO study, it would be desirable if simple channel models are used and limited attention is given to scenarios including different antenna properties. Also, it is beneficial to align the channel model discussion for UL MIMO with the corresponding discussion for CLTD. 

As a baseline we propose to consider the traditional channel models, PA3 and VA3 with independent fading between each Tx-Rx link.
As further options companies are encouraged to consider other channel model aspects such as the impact of Tx and Rx antenna correlation, more specific channel models e.g. cross-polarized AWGN, low Doppler scenarios, e.g. PA0.1, high Doppler scenarios, e.g. VA30, etc.
3.7 Performance metrics 

The main performance metrics to consider are 

· The average throughput gain (MIMO vs SIMO) at each SNR point,

· Average BLER considerations, and
· Average transmit power.
4 Conclusions

This contribution has discussed link level simulation assumptions for UL MIMO. A simplified simulation framework that avoids implementing an explicit rate adaptation mechanism was proposed; the simulation parameters are summarized in the appendix. This framework can later be complemented by additional implementation details, for example more detailed rate and rank adaptation.
The following was proposed:

Proposal 1: The link level simulation framework should allow that both the single codeword and the dual codeword approach are studied within the SI.
Proposal 2: A pre-coded pilot structure should be used in the link level evaluations of UL MIMO.
Proposal 3: There is one ILPC loop and one OLPC loop in the link evaluations of UL MIMO.

Proposal 4: Chose the pre-coding vectors that maximize the post equalizer SNR of the primary stream.
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6 Appendix

Table 1 Baseline link level simulation parameters.
	Parameter
	Value

	Physical Channels
	Depends*

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM

	TBS [bits]
	Varies



	Total received Ec/N0 [dB]
	{10, 15, 20, 25}

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

	20*log10(βed/βc) [dB]
	10

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of HARQ Transmissions
	1

	Residual BLER
	10%

	Number of Rx Antennas
	2 or 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
	Ideal or Realistic (3 slots filtering)

	Searcher
	Ideal

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type
	MIMO LMMSE Receiver

	Antenna imbalance [dB]
	0, +3(*), -3(*), -6(*)

	UE Tx Antenna Correlation
	0, 0.3(*), 0.7 (*)

	Node B Rx Antenna Correlation
	0

	UE DTX
	OFF

	Precoding weight determination
	maximize SINR for stream 1

	Precoding codebook size
	4 phase

	PCI feedback error
	4 %

	PCI delay
	3 slots


* Baseline is to consider DPCCH, S-DPCCH, HS-DPCCH, E-DPDCH, E-DPCCH, and possibly also S-E-DPDCH and S-E-DPCCH; see Section 2.1.
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