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1. Introduction

In RAN4 meeting #41 the possible performance requirements for FDD HSDPA MIMO were discussed [1]-[5]. To progress the work an Ad Hoc, where certain assumptions related to the NodeB and UE requirements were agreed [6], was organised in the Riga meeting. In this contribution we continue the discussion on UE performance requirements along the lines agreed in RAN4#41.  

2. HS-SCCH detection requirements

In the HSDPA MIMO ad hoc held in RAN4#41 it was agreed to base the simulations on the existing OL TD scenario in 25.101. In [3] some initial simulation results were presented based on the working assumption used in RAN1 at the time. In RAN1 meeting #47bis the HS-SCCH structure was further discussed and some principle agreement on Part1 payload (12 bits) in conjunction with MIMO was made [7]. The details related to Part2 content are still open, but possibly the new data indicator (NDI) and redundancy version (RV) information will be jointly coded to obtain savings in Part2 size. Due to lack of agreement on final details, like puncturing patterns, no new simulation results are presented in addition to those presented in [3].
As the basic HS-SCCH structure including the Part1 and Part2 division is maintained, the previously used scenario and baseline receiver assumptions are reused, the need for alignment simulations may not be that pressing. Thus following the finalization of HS-SCCH related topics in RAN1, it is proposed to progress the alignment simulation work and discussion on the RAN4 HSDPA email reflector based on the assumptions agreed in the MIMO ad hoc [6]. It is expected that in this way it would be possible to conclude the HS-SCCH detection requirements in the RAN4 May meeting provided that the RAN1 work progresses smoothly. 
2. HS-DSCH demodulation requirements 
Similarly as for HS-SCCH, assumptions regarding the scenario, reference receiver and simulation assumptions for dual stream case were agreed in the HSDPA MIMO Ad Hoc held in RAN4#41. 
Dual stream case

In this section we present some further ideal simulations for the dual stream case using the receiver outlined in [8]. As discussed in RAN4#41 and further proposed in the RAN4 email reflector we have evaluated different geometry values, Îor/Ioc of 10, 12 and 15dB. The FRC definition used is given in Annex A. The first stream is allocated to the stream corresponding to higher CQI value. Figure 1 depicts the throughput in case of Pedestrian A and Figure 2 in case of Vehicular A at 3km/h. As it can be expected, the achieved throughput curve shifts with different Îor/Ioc values. At Îor/Ioc of 15dB the throughput reaches nearly the maximum at high Ec/Ior values. 
[image: image1.emf]Pedestrian A 3km/h

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

13000

-6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0

Ec/Ior [dB]

Throughput [kbps]

G=10dB

G=12dB

G=15dB


Figure 1. Simulation results for dual stream FRC in Pedestrian A 3km/h
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Figure 2. Simulation results for dual stream FRC in Vehicular A 3km/h
Looking at both propagation conditions and achieved throughput levels (relative to the maximum throughput) it would appear that Îor/Ioc of 12dB would seem appropriate level for the geometry to be used for the performance verification purposes. This, combined with suitable Ec/Ior values, would ensure that the operation of the dual stream HARQ would be sufficiently stressed. Traditionally two requirement points have been determined to evaluate the throughput curve. This has been done by selecting two distinct Ec/Ior values. Similar throughput behaviour could be obtained also by changing the used geometry value. As a Ec/Ior point, value of -2dB could be used, keeping the power per code reasonable. Figure 3 presents the throughput for Pedestrian A and Vehicular A as function of Îor/Ioc. Thus it is proposed to set the requirements by using single Ec/Ior point and evaluating the achieved throughput at two distinct geometry values. In order to verify the dual stream HARQ operation, Îor/Ioc values of 12dB and 10dB are proposed.  Regarding the evaluated propagation conditions, Pedestrian A is more suitable for the dual stream operation, but it is seen possible to include both propagating conditions for the requirements for sake of completeness.
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Figure 3. Achieved throughput in Pedestrian A and Vehicular A at different geometry values

Single stream case
The scenario for single stream operation of the HSDPA MIMO was not covered yet in the last RAN4 meeting. Based on our initial observations it would seem feasible to use the same baseline assumptions regarding the scenario also for single stream case.  Also the same FRC definition could be used for the single stream case, evaluating each ‘sub-FRC’ for each modulation scheme separately.
3. CQI requirements

There was some discussion in RAN4 meeting #41 on the CQI requirements for HSDPA MIMO, mostly for dual stream operation. RAN1 is still finalizing the details related to CQI definitions [9]. The current working assumption is approximately cutting the number of different CQI options per stream in half, and increasing the granularity roughly to 1.5dB. 
Accounting the agreements in [6] it would seem possible to verify the accuracy of the CQI reporting (in AWGN) in a similar manner as earlier. Verifying the CQI reporting in fading was found to be more problematic. In the existing test methodology the median reported CQI is identified and then allocated to UE. The packet error ratio, conditioned that median CQI (or median+3) was reported is evaluated and compared to the limits. The aim of this is to verify that the UE reports CQI values that accurately describe the channel state during the reference period that RAN1 has defined. Now as in case of dual stream CQI’s are dependent on each other the requirement would need to be evaluated jointly. Based on the existing working assumption in RAN1 this problem is somewhat alleviated as the same number of codes and power per code is always assumed to be used in both streams when CQI report is derived. 

We have identified two alternative approaches for determining the CQI requirements in fading. These both can be considered as extensions of the existing test methodology. These methods are presented just for initial discussion and further work is required to determine the final test methodology. 
Independent verification of the CQI’s
First alternative is to verify each stream somewhat independently. Thus the median CQI’s in given conditions are determined separately for each stream. Hence the reported dual stream CQI’s are observed, and separate probability distribution for CQI#1 and CQI#2 is gathered. After the median CQIs for both streams have been determined,  a conditioned median CQI for the ‘alternative’ stream could be evaluated. Thus evaluation the probability distribution of the ‘alternative’ CQI reports from the group of dual stream CQI reports where ‘main’ stream’s median CQI report has been present. The conditioned median is determined to ensure that the used MCS (corresponding to the CQI’s) would occur sufficiently often. However it might be sufficient to base the used MCS to the unconditioned median of both CQI#1 and CQI#2. 

Then similarly as in the existing test methodology, MCS’s corresponding the median CQI for the ‘main’ stream and conditioned median CQI to ‘alternative’ stream, are allocated for the UE and the packet error rate for both streams is gathered. This should be done when the reported dual stream CQI corresponds to the MCS (CQI’s) used in DL. PER for both of the streams should meet the set limits. Also for the cases when the reported CQI for the ‘main’ stream is, for example, two steps higher than the median CQI value used in DL and the reported CQI for the ‘alternative’ stream is equal or larger than the used MCS (CQI), the PER of the ‘main’ stream should meet the set limits. The size of the increment used in MCS (CQI’s) for evaluating the second PER threshold should be of course evaluated once RAN1 has finalised the CQI definitions. 
Joint verification of the CQI’s
Other alternative is to gather the joint probability distribution of dual stream CQI’s (~225 possibilities) and evaluate the joint median for the CQI pair. Then the packet error ratio for the MCS’s corresponding to the occurrences, when this CQI pair is reported, is observed and requirement for the PER of both streams is set. To ensure proper behaviour of the PER curve (or contour),   a second requirement could be set. The observed PER could be checked against a contour where reported CQI pair is lager than the median CQI pair (e.g. both reported CQI’s are larger (or equal) than the median CQI’s).
4. Conclusions

In this contribution some discussion regarding the HSDPA MIMO requirements have been presented. Some open issues related to HS-SCCH and CQI are still under discussion in RAN1, limiting somewhat the progress on these areas. In case of HS-SCCH this is not seen to significantly hinder the work as the changes to HS-SCCH are quite limited. Furthermore some initial discussion regarding the possible ways to verify the CQI reporting of a HSDPA MIMO UE is presented to progress the development of requirements. For HS-DSCH the detailed assumptions have been further evaluated according to the agreements made in RAN4#41. Based on the results it is proposed to use single Ec/Ior value and two geometry values to evaluate the throughput performance in Pedestrian A and Vehicular A. 
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Annex A Simulation assumptions

Table 1. Used link simulation assumptions

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channel
	Dual stream FRC as outlined in Table 2.

	HSDPA control channels present
	Simulated as part a of OCNS

	DL DPCH reference channel
	Simulated as a part of OCNS.

	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

	Propagation channel types
	Pedestrian A 3km/h. Fully uncorrelated fading between receiver branches.

	Propagation channel update rate
	At least 16 chips

	HS-PDSCH Pilot-Data Ratio
	Estimated

	Max number of transmissions per H-ARQ process
	4

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

	ACK/NACK feedback error rate
	0%

	Antenna 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 extended to dual stream operation

	Number of UE antennas
	2

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

	Equalizer update rate
	1 per slot

	Noise variance in equaliser
	Ideally known


Table 2. Fixed Reference Channel definition for dual steam operation [6].
	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Combined Nominal Avg. Inf. Bit Rate
	kbps
	13510

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	8650
	4860

	Inter-TTI Distance
	TTI’s
	1
	1

	Number of HARQ Processes
	Processes
	6
	6

	Information Bit Payload 
	Bits
	17300
	9719

	Number Code Blocks
	Blocks
	4
	2

	Binary Channel Bits Per TTI
	Bits
	28800
	14400

	Total Available SML’s in UE
	SML’s
	345600

	Number of SML’s per HARQ Proc.
	SML’s
	28800
	28800

	Coding Rate
	
	0.6
	0.67

	Number of Physical Channel Codes
	Codes
	15
	15

	Modulation
	
	16QAM
	QPSK


