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1. Introduction
At the last RAN Plenary meeting #28 meeting, a Work Item to create enhanced performance requirements for HSDPA Cat 7/8 UE based on a combination of Rx Diversity and LMMSE equalizer was approved [1] (Type 3 receiver). No specific UE implementation would be mandated by these enhanced requirements.

In order to make progress in this area, it is necessary to reach agreement on simulation assumptions and test cases. This document highlights some of the issues that may need further consideration and proposes a set of simulation assumptions.
Note that this document does not address issues relating to HS-SCCH performance detection or CQI reporting with respect to a Type 3 receiver.
2. Simulation Assumptions

a. Geometry (Ior/Ioc)
For Type 1 requirements, Ior/Ioc of 0 dB and 10 dB were used for QPSK and 10 dB was used for 16-QAM. 
For Type 2 requirements, Ior/Ioc of 10 dB was used for both QPSK and 16-QAM.

Since the use of receiver diversity in conjunction with equalizers can provide benefits in both high and low geometry regions, it would be useful to have test cases with both high and low geometry. It is not apparent if a Type 3 receiver would show improved performance over a Type 1 receiver at Ior/Ioc of 0 dB. Our initial simulation results presented in [3] indicate that gains for a Type 3 receiver at 0 dB geometry are marginal but this should be confirmed by other companies.
Note that, the Type 1 requirement was for FRC H-Set 1/2/3 while Type 2 requirements were for FRC H-Set 6.
Recommendation: Use Ior/Ioc of 0 dB and 10 dB for QPSK and 10 dB for 16-QAM. Confirm if gains are observed for the 0 dB case and if alternative geometry values other than 0 dB should be simulated.
b. FRC H-Set

RAN-4 has used FRC H-Set 6 as the basis for its work on developing Type 2 enhanced receiver requirements. The maximum theoretical throughput for QPSK and 16-QAM using H-Set 6 is approximately 3.2 Mbps and 4.7 Mbps respectively (see Appendix A of 25.101). Based on simulation results developed during RAN-4’s work for Type 2 enhanced requirements, it is likely that the choice of H-Set 6 when used with a Type 3 receiver, would lead to a capping of throughput results based on the definition of H-Set 6 when coupled with high geometry and Ec/Ior values. 

To ensure that throughput results are not artificially capped via system parameters, RAN-4 could define a new FRC H-Set with higher rates. The drawback of this approach is that no reference performance results would be available for this new FRC and would necessitate a round of additional simulations for Type 1 and Type 2 receivers to baseline the simulations.

Recommendation: Use FRC H-Set 6 for Type 3 enhanced requirements for 10 dB geometry. Use FRC H-Set 3 for Type 3 enhanced requirements for 0 dB geometry. 
c. Ec/Ior
For Type 1 requirements , Ec/Ior of {-12, -9, -6, -3} dB were used for QPSK and Ec/Ior of  {-9, -6, -3} dB were used for 16-QAM. 

For Type 2 requirements Ec/Ior of {-9, -6, -3} dB were used for both QPSK and 16-QAM for initial simulation results without implementation margin.
Since the use of receiver diversity in conjunction with equalizers is likely to provide diversity gains and hence allow for operation at lower Ec/Ior, it would be interesting to study performance of Type 3 receivers at Ec/Ior values below – 9 dB when Ec/Ior is 10 dB.

Recommendation: Use Ec/Ior of {-12, -9, -6, -3} dB for both QPSK and 16-QAM for 10 dB geometry simulations. Use Ec/Ior of {-3, -6} for 0 dB geometry simulations. Based on initial simulation results decide which Ec/Ior values to use for Type 3 requirements and if additional Ec/Ior values should be considered.
d. Channel Models

For both Type 1 and Type 2 requirements, Ped-A, Ped-B and Veh-A channel models were used. Number of samples per chip was 2 and nearest Tc/2 channel ray mapping was used.
Recommendation: Use Ped-A 3 km/hr, Ped-B 3 km/hr, Veh-A 30 km/hr, Veh A 120 km/hr for Type 3 requirements as per Type 1 and Type 2 requirements.
e. UE Antenna Characteristics
Type 1 requirements were generated with the assumptions that the UE antenna correlations were 0. Other potential differences in antenna and RF performance were also not considered during generation of Type 1 requirements. While these assumptions may seem to be idealistic and not reflect practical antenna and RF performance, in order to expedite this new work item, it may be useful to continue to use these simplifying assumptions when doing initial calibration of the simulation results. As with other cell interference model, we would like to invite discussion on developing realistic antenna correlation models at this time.
Recommendations: Use antenna correlation value of 0 for Type 3 work for initial simulation alignment. RAN-4 to evaluate feasibility of developing more realistic models and values for antenna correlation.
f. Equalizer Update Rate

For Type 2 requirements, an update rate of 1 update/slot for all channel propagation conditions except for Veh-A 120 km/hr was assumed. For the Veh-A 120 km/hr case, the assumption of 5 updates/slot was used.
Recommendations: Use 5 updates/slot for Veh A 120 km/hr. Use 1 update/slot for other propagation conditions.

g. Other Cell Interference Model
For Type 1 and Type 2 requirements, the other cell interference was modeled as white noise whose variance was known at the receiver.  This is generally not a realistic model for other cell interference. 
Receivers with multiple antennas are capable of performing interference rejection in addition to providing diversity gain. Receiver architectures capable of taking into account realistic Ioc spectrum and antenna correlations will not be able to show any performance benefit in a test setup where the other cell interference is modeled as white noise with a flat spectrum. We think that it is appropriate for RAN-4 to consider alternative models for the other cell interference at this time.


Recommendations: For initial simulation alignment, we propose using the same assumptions as in Type 1 and Type 2 receivers. However, we should start discussions among RAN-4 companies to develop more realistic interference models that can be used to obtain the final simulation results for Type 3 requirements.

h. Closed Loop Transmit Diversity (mode 1)

CLTD (mode 1) requirements for Type 1 receiver are available. For Type 2, it is still not clear if new requirements will be generated with CLTD (mode 1).
Recommendation: Perform simulations for CLTD (mode 1) for Ped-B 3 km/hr, Ped-A 3 km/hr, and Veh-A 30 km/hr. Based on simulations results, decide if new Type 3 requirements are needed for CLTD.
3. Summary of Proposed Simulation Assumptions

Table 1 summarizes a set of simulation assumptions that could be used for developing Type 3 requirements.

[image: image1.emf]Parameter Rx Div + Equ (Proposal)

1 Chip Rate 3.84 Mcps

2 HS-DSCH Fixed Reference Channel FRC H-Set 3 and FRC Hset 6

3 HSDPA HS-SCCH Control Channels Present 4 -- part of OCNS

4 DL DPCH Ref Channel 12.2 kbps -- part of OCNS

5 DL DPCH Closed Loop Power Control Off

6 Channel Estimation

Location Known, tap value estimated

7 RX AGC Off

8 Num Samples per Chip (P) for channel synthesis 2

9 SRRC Pulse Shaping On

10 Propagation Models PA3, PB3, VA30, VA120 -- (ITU)

11 Channel Ray Mapping Nearest Tc/P spaced

12 RV Sequence {0,2,5,6}--QPSK, {6,2,1,5}--16QAM

13 Max Number of HARQ Processes 6

14 Number of HS-DSCH Transport Channels 1

15 Turbo Decoding MaxLogMap - 8 Iterations

16 Geometry (Ior/Ioc) 0 & 10 dB -- QPSK, 10 dB -- 16QAM

17 Ec/Ior

{-12,-9,-6,-3} dB for 10 dB Geometry, {-6,-3} dB for 0 

dB geometry

18 P-CCPCH (-12 dB) Random -- ignored by receiver

19 PICH (-15 dB) Random -- ignored by receiver

20 CPICH (dB) -10

21

OCNS (SF=128)

Ch Codes: {122, 123, 124, 125, 126, 127}                    

Rel Pow:{0, -2, -2, -4, -1, -3}

22 Sync Channel (Scr Code Group 0) On (-12 dB), split between pri & sec

23 Secondary SCH Pattern Scr Code Grp 0 (Table 4 of 25.213)

24 Primary Scrambling Code S_dl 0 as 25.213v5.3.0

25 ACK/NACK Feedback error rate 0%

26 UE Measurement Error Rate 0%

27 Feedback Error Rate (Tx Div CL 1) 4%

28 Antenna Verfication (Tx Div CL 1) None

29 Number of UE Antennas 2

30 UE Antenna Correlation Coefficient 0

31 Noise variance Ideally Known

32 Number of Equalizer Taps 40 at 2 times chip-rate

33 Equalizer Structure LMMSE

34 Equalizer Update Rate  1/slot for PA3, PB3, VA30; 5/slot for VA120

HS-DSCH Performance


Table 1: Summary of Assumptions for Type 3 Receiver Simulation Work
4. LMMSE Equalizer Reference Receiver Architecture

In this section we give the system equations for the LMMSE chip-level equalizer with receive diversity. For simplicity, two receive antennas will be assumed, but the derivation can be easily generalized to more than two receive antennas. We use notations similar to that in [2] where equations for a LMMSE equalizer were presented.
Figure 1 shows the block diagram of the chip level LMMSE equalizer. The signal at the output of the equalizer is at the chip rate, and it can be directly used for the de-spread of data channels. 
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Figure 1: Reference Architecture
The equalizer consists of two FIR filters w1 and w2 of length F(Ns:
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where the Ns is the number of samples per chip and F is the length of the equalizer in units of chips. The sampled received vectors at two antennas are denoted by 
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where D is a delay parameter (
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The received signal ri(m) can be more succintly expressed as 
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is the (F+L') x FNs channel-matrix for the i’th antenna with
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where 
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 is the delay spread normalized by the chip interval. Moreover, 
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is the m-th subsequence of the transmitted chip-rate sequence, and ni(m)  is the corresponding noise vector. Under the assumptions that the noise is white and the total transmit power is 1, the LMMSE equalizer taps can be calculated as follows 
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where  the notation XD means the D-th column of the matrix X, n2 is the variance of the noise vector ni(m), which is assumed to be same for i=1,2. The above equation also assumes that the noises at different antennas are independent. 

5. Conclusions 

Various system parameters and assumptions for generating Type 3 requirements have been discussed and presented. The assumptions are proposed for use in starting simulation alignment work for Type 3 receivers. 
Equations defining a reference receiver architecture consisting of Receive Diversity and LMMSE Equalizer have also been presented.

Given that a receiver with Receive Diversity and Equalization can provide interference rejection benefits in addition to diversity gain, we invite comments from RAN-4 participants to discuss the merits of such a model for other cell interference an also to consider non-zero antenna correlation values.
Other topics such as HS-SCCH detection performance and CQI reporting have not been considered in this document but should also be evaluated in case new requirements are needed.
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