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1. Introduction

In the last RAN plenary meeting a new work task ‘Improved Performance Requirements for HSDPA UE categories 7 and 8’ in [1] was approved for the improved receiver performance requirement for HSDPA WI.  The intention of this new work task is to create improved performance requirements for 10 code UE’s by changing the baseline single receiver structure from RAKE to a LMMSE chip level equaliser.

According to the updated time schedule outlined in the objectives of the building block WI [2] simulation assumptions and cases for this new WT are to be agreed in this RAN4 meeting.

Work Task Improved Performance Requirements for HSDPA UE categories 7 and 8:

· TSG RAN WG4#33, simulation assumption and cases agreed 

· TSG RAN WG4#34, review of simulation results, agreements on further simulations to conclude performance requirements. 
· TSG RAN WG4#35, review of final results, conclusion of new performance requirements.
This contribution discusses the structure of the work, needed simulations and proposes the simulation assumptions that could be used for the basis of creating new performance requirements for HSDPA UE categories 7&8. In order to meet the intended time line and ensure timely finalisation of Rel-6 we propose to focus only on the relevant cases, reducing the amount of work needed. 

First in Section 2 we present a baseline receiver structure proposal, which follows the description of the WT. A baseline receiver structure is needed for achieving a good alignment of ideal simulations between the companies.  Section 3 discusses and proposes initial simulation assumption and cases. Finally we propose a forward with this new WT.

2. Reference receiver structure

In this section we briefly introduce a LMMSE chip-level equaliser based reference receiver structure for the ideal simulations of the new WT. This is a well-known receiver solution and several more detailed descriptions can be found in literature [3]

 REF _Ref85557526 \r [4].  The generalisation of the structure presented here has also been presented earlier in RAN4 [5] accounting multiple receiver antennas. 

The block diagram of the proposed detector with a LMMSE chip-level linear equalizer is shown in Figure 1. The principle of this detector is very simple; the received signal is first processed by linear chip equalizer which effectively tries to transform the multipath channel to be flat at the equalizer output. Secondly, the equalizer output is despread by the spreading code. At the output of the despreader, symbol estimate 
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	Figure 1. Detector based on the LMMSE chip-level linear equalizer.


The equalizer is a linear FIR filter with FNs coefficients 
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where the F is the length of the equalizer in chips and Ns is number of samples per chip. The received sample vector in the filter shift register is denoted as follows
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where D is a delay parameter (
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). Using Eq. (1) and (2), the output of the equalizer is now
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Note that the sampling rate at the output of the equalizer is equal to the chip rate . The input signal is sampled with Ns samples per chip. Thus, the equalizer decimates the sampling rate by the factor of Ns.

The received sample vector r(m) in (2) can be expressed in matrix form
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where
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is the (F+L') x FNs channel-matrix with
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where 
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 is the delay spread normalized by the chip interval. Furthermore, in Eq. (4)
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is the m-th subsequence of the transmitted multiuser chip sequence influencing to the received sample vector in Eq. (4), and n(m) is the corresponding noise vector. 

LMMSE chip equalizer coefficient vector w in Eq. (1), assuming white noise and total transmit power is 1, is defined as follows [3]

 REF _Ref85557526 \r \h 
[4]
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where the notation XD means the D-th column of the matrix X and n2 is the variance of the noise vector n(m).

3. Proposed simulation assumptions and cases

In this section we outline the proposal for the initial simulation assumptions and simulation cases that could be used for starting the work in RAN4. Some adjustment may naturally be needed to these parameters once the simulation work progresses. 

3.1 Simulation assumptions

As the intention is to create improved performance requirements for the 10 code UE’s it would seem appropriate to re-use the simulation assumptions of the Release-5 work for relevant parts. This would require us to determine new or only modify the old assumptions for those parts, which are related to the used reference structure. The proposed initial simulation assumptions are listed in the Table A.1 of Annex A at the end of this document.  Mostly they are the same simulation assumptions as used in the HSDPA work in Rel-5. Possible changes and additions to the assumptions are discussed in this section.

The intended baseline receiver structure was briefly presented in Section 2. First aspect of the reference receiver structure related simulation parameters, that would need to be defined, is the length of the equaliser. The delay profile length of the propagation channel defines the filter length needed to equalise the channel.  The Pedestrian B propagation condition has the longest delay profile of the channels used in HSDPA tests. The last tap of the Pedestrian B channel profile has a delay of  3700ns (~14 chips). Equaliser length between 17 to 24 chips should offer most of the performance enhancement available in Pedestrian B. Extending the length of the equaliser beyond this is not expected offer further information for the purpose of the simulation alignment. In the initial simulation assumptions we propose the equaliser length to be 20 chips.  However, if it is seen necessary some of the initial simulations could also be performed using more than one filter length in order to verify the impact of the filter length on receiver performance. 

Another aspect affecting the equaliser length in terms of filter taps is the number of samples per chip. It is proposed to use 2 samples per chips for the equaliser, as similarly has been used for channel synthesis in HSDPA work. This would mean that the equaliser length of 20 chips corresponds to 40 taps in the equaliser. The used sampling rate in ideal simulations is of course a matter that needs to be agreed. 

The baseline structure presented in Section 2, needs also information about noise covariance. A method used for estimating noise covariance can be very implementation dependent and therefore we propose that it would be known in the ideal simulations. In the simulation assumptions we have also proposed  non-ideal channel estimation similarly as in the previous HSPDA work. However, using ideal channel estimation might facilitate the alignment of simulation results, and therefore this option could also be considered.

3.2 Structure of the work

Current Release-6 version of 25.101 includes performance requirements for UE HS-DSCH category 7 and 8. In this section we discuss more in detail how the optional improved minimum performance requirements based on LMMSE chip-level equaliser could be introduced for UE categories 7 and 8. 

The existing HSDPA minimum requirements are divided into three main categories and corresponding sections in TS25.101; 

· HS-DSCH demodulation requirements (FRC), 

· Channel Quality Indicator (CQI) requirements and 

· HS-SCCH detection requirements. 

Section 9.2 includes the Fixed Reference Channel (FRC) requirements, which verify the UE HS-DSCH demodulation performance, including HARQ and multicode reception, for each UE category in different propagation conditions. This section is divided to sub-sections corresponding of each transmit diversity option. The requirements for the accuracy and compliance of CQI reporting in AWGN and fading conditions are defined in Section 9.3. This section similarly as the section of the HS-DSCH demodulation requirements includes sub-sections for different transmit diversity options. Finally Section 9.4 includes the requirements for HS-SCCH detection with single transmit antenna and Open Loop transmit diversity. 

Fixed Reference Channel requirements

The existing HS-DSCH demodulation requirements for UE 10 code capability are defined in a such way that the Categories 5 and 6 requirements (H-Set3) are re-used for most parts. The only specific test cases are defined in Sections 9.2.1.4 (QPSK) and 9.2.1.5 (16QAM) with Categories 7&8 specific reference channel (H-Set6) to verify the reception of larger number of multicodes. It would seem most natural to approach to use the same reference channel definition (H-Set6) as earlier.

The new HS-DSCH demodulation performance  requirements for 10 code UE capability class could be created by extending the existing single link requirements to cover the same propagation conditions as currently assumed for 5 code UE categories.   Currently the requirements especially for 10 code UE using the H-Set6 are defined only in Pedestrian A propagation conditions. Thus, additional propagation conditions Pedestrian B and Vehicular A would need to be included. This would make the 10 code improved requirements equally extensive as the ones of 5 code UE’s. As an initial working assumption it is proposed that the cases would be similar to those of UE categories 1-6 and 11&12. The exact test points might need to be reconsidered for the added propagation conditions in order to ensure similar operation point as with 5 code FRC test cases. 
The LMMSE chip level equaliser tries to mitigate the intra-cell interference in frequency selective channels. Therefore it is expected to provide good gains in single link cases. Intra-cell interference  also deteriorates the performance of a receiver  with transmit diversity and the performance loss can be partly mitigated by chip level equaliser. However the basic principle of receiving all signals through the same channel  is no longer valid for the suppression of intra-cell interference using equaliser when transmit diversity is used. Thus channel equalisation is less efficient with transmit diversity due to the other antenna interference which degrades the gains provided by LMMSE chip level equaliser. Hence one option would be that no new performance requirements for transmit diversity schemes are defined and in order to provide testing coverage the existing 5 code requirements (H-Set3) for transmit diversity schemes would be applied. The final extent of the FRC requirements including Tx diversity is proposed to be defined through simulations.

CQI reporting

The current Channel Quality Indicator reporting requirements apply similarly to all UE categories including also enhanced performance requirements based on receiver diversity. As the current CQI requirements can be seen to be independent of the actual receiver demodulation performance, focusing on the testing of UE CQI reporting compliance and accuracy, it is not seen any need to create new separate requirements. It is proposed to verify only that the existing CQI reporting minimum performance requirements are applicable and can be acceptably used.

HS-SCCH

The HS-SCCH performance requirements are defined in Pedestrian A with Îor/Ioc values of 0 and 5 dB and in Vehicular A with Îor/Ioc value of 0dB. The HS-SCCH spreading factor is higher than the spreading factor used on HS-PDSCH making it less susceptible to intra-cell interference. Therefore the gains provided by LMMSE chip level equaliser compared to RAKE in the given conditions are limited. We propose that the same minimum performance requirements would be applied here as in Rel-5. However, the final decisions on whether any changes to the requirements are needed should be done based on the simulation work.

4. Conclusion

In this document we have presented a proposal for simulation assumptions and cases for the work task ‘Improved Performance Requirements for HSDPA UE categories 7 and 8’. The simulation assumptions for the main parts are proposed to be the same as the ones used in the Rel-5 work meaning that changes would only be made in those areas where it is needed for facilitating the alignment of results between different companies or the new reference receiver structure needs some new parameters.

We propose that 

1) New minimum performance requirements are defined for Category 7 and 8 (H-Set6) based on the LMMSE chip-level equaliser presented in Section 2.

2) The Category 7 and 8 (10 code capability) HS-DSCH demodulation requirements are extended to cover the same propagation conditions as Categories 1-6.

3) The final set of FRC requirements to be specified (single link, open and closed loop transmit diversity) should be agreed based on ideal simulation results

4) No new CQI requirements are generated for Categories 7 and 8. The earlier requirements apply similarly as in other cases. However, the applicability could be verified with simulations.

5) The need for new HS-SCCH requirements is determined based on simulation results.
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Annex A: Simulation assumptions

Table A.1. Link level simulation assumptions.

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channel
	H-Set6 as outlined in Annex A of 25.101v6

	HSDPA control channels present
	HS-SCCH set size is 4.

	DL DPCH reference channel
	12.2kbps DL measurement reference channel as outlined in 25.101.

	DL DPCH closed loop power control
	Off.

	Channel estimation
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multi path component) are estimated by the receiver.

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) for channel synthesis
	P=2 – i.e. 2 samples per chip at input to the receiver

	Channel ray mapping
	Nearest Tc/P spaced delay (1/ Tc is the chip rate) – P specified above

	SRRC pulse shaping
	On

	HS-PDSCH Pilot-Data Ratio
	Estimated

	Max number of transmissions per H-ARQ process
	4

	RV sequence 
	{0,2,5,6} for QPSK and {6,2,1,5} for 16QAM

	ACK/NACK feedback error rate
	0%

	Turbo decoding
	MaxLogMap – 8 iterations

	Primary Scrambling code
	S_dl, 0 as given in 25.213v5.3.0

	SCH
	On, (Scrambling code Group 0)

	Secondary SCH pattern
	According to Scrambling code Group 0 given in Table 4 of 25.213v5.3.0

	Receiver structure
	LMMSE chip-level equalizer

	Equaliser length
	40 taps (20 chips long with 2 samples per chip)

	Noise variance in equaliser
	Ideally known
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