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1.
Introduction

Based on the discussions in TSG-RAN WG4#21 an initial draft for technical report in the area of HSDPA UE Radio Transmission and Reception was created by Motorola [1] and it is made available in reflector for further review. It was agreed that the TR could be used as a basis for the initial simulations and the work to further define the simulation assumptions for generating the performance requirements would continue in the reflector and in the next meetings. Few comments were raised in this context, and this documents attempts to gather the comments given at the reflector and suggest some new tests to progress with the HSDPA testing.
2.
Discussion
2.1
Redundancy Version (RV) selection

The RV parameter selection is updated according to latest RAN1 HSDPA TR [2]. In the latest version of HSDPA TR the RV parameter Xrv is defined based on the used modulation. For QPSK and 16QAM there still exist the parameters s and r but for 16QAM there is defined a new parameter b, which defines the used constellation rearrangement. The constellation rearrangement is targeted to provide randomization between re-transmissions when Chase combining is used. Earlier in the simulation assumptions the RV parameters where chosen based on the fact that the current reference channels are targeted for IR testing where the randomization between retransmissions is attained through different redundancy version. To also take into account the new parameter b and changes in RV definition, new table is proposed for Section 7.2.1. In the proposed table the parameter Xrv is chosen in similar way as parameters earlier, but instead of defining r and s (and b) directly they are now defined through Xrv. In addition other changes are proposed to Reference Channels (see also Section 2.3) to more fully test the constellation rearrangement.
2.2
Propagation Channels

There were some discussion at the reflector concerning whether the 25.101 channel models were comparable to ITU models and could be used in performance testing. Some parties indicated that the use of ITU channel models crucial. The reasoning was that ITU models are based on the actual channel measurements and were used by WG1 in HSDPA development. The channels used by WG1 in TR 25.848 [3] were AWGN, 1 path Rayleigh fading channel and Pedestrian-A. Both of the channel profiles proposed in initial draft of TR [1] have quite similar delay profile thus resulting similar performance [5]

 REF _Ref5088677 \r [6]. Therefore it seems to be redundant to have both channels used in tests/simulations. Based on this and to comply more with WG1 assumptions, we propose that Pedestrian-B propagation channel model is replaced with another ITU model, Pedestrian A, to be used for 16QAM testing. See also Section 2.3.

2.3
Reference Channel definition

Some concerns were raised at the reflector that there were no simulations/tests defined for QPSK in HSDPA. Although the performance of QPSK is tested in other tests there was seen to be further need to test its functionality in HSDPA. We support this view, and see that performance requirements for QPSK case are needed. Further reason to change the reference channel definitions is to take into account the new redundancy and constellation rearrangement scheme used with retransmissions. The proposed reference channels are  defined keeping in mind the new RV options, thus QPSK is targeted for IR testing and 16QAM for Chase combining and constellation rearrangement testing. See also Section 2.1.

Additionally, the WG1 has currently specified the UE radio access capability parameters according to 11 different HS-DSCH UE capability categories [2]. Currently each radio access capability is tested according to the minimum category required for each class. If this is not seen sufficient, tests for each 11 categories could be specified. 

2.4
Performance Specification
Generally, ideal hardware is assumed in these performance simulations. In the case of HSDPA this may lead to erroneous performance requirements, as required performance is based on simulations, which neglect some factors that would in practice limit the performance in tests or in actual situation. The HSDPA simulation assumptions define among other parameters the used G value (15dB) for simulations. The used high G value would highlight the effect of limiting implementation non-idealities, which are in practice very hard to account for by introducing simple implementation margin. One of such effects is the practical transmitter in real deployment or test signal source in performance tests. Currently the specified EVM value for BS transmitter is 17.5% [4]. The EVM measures the distortion caused by the transmitter (or other HW) on the signal. The distortion results an irreducible error/noise floor. The Ioc level defined in [1] is –60dBm and the G value is 15 dB. Based on these values the change in Ioc level experienced in the receiver in one path static channel taking into account the EVM can be approximated as follows:
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This means that the total amount of noise has doubled due to EVM. Same calculations can be performed for example to G values 10 and 5 dB. If G value 10 dB is used the EVM affect decreases to 1.2 dB.  Similarly the effect is further decreased to 0.4 dB with G = 5 dB. If the effect of the implementation non-idealities is to be decreased, the used simulation parameters should be chosen accordingly. One simple way of achieving this is to decrease the used G value. This also reflects much more practical situation, since very high G factors are rarely seen in the system.

Only the effect of the EVM has been calculated, but it is not the only implementation imperfection having effect to the actual performance. Other imperfections like quantization would further effect the actual Ioc level experienced in receiver at high G values saturating the actual signal to noise ration in the receiver. The simulation parameters should be defined so that the simulated values could be used in actual performance testing. This can be achieved in two ways. Either the imperfections are modeled in commonly agreed way and used in generating simulation results as proposed in the email reflector or the actual simulation parameters are chosen in a such a way that the effect of the imperfections are minimized in  reasonable level for practical deployment and test equipment point of view. The second way has the obvious advantages of avoiding definition of the used model and degradation levels.

There exists also additional reasoning to decrease the G value in the tests. Namely it would be beneficial from network capacity point of view that terminals are working correctly in conditions in which rather high levels of HS-DSCH_Ec/Ior are needed. In other words it does not matter so much whether HSDPA user takes 1 or 2 percent of the available capacity but it matters whether it takes 50% or 100 % of the capacity (3 dB difference in performance in both cases). If too high G is chosen for tests it means that tests are passed with rather low HS_DSCH_Ec/Ior value which are not so important from network capacity point of view.

In addition the initial channel profiles proposed in first draft of WG4 HSDPA TR [1](Pedestrian B and Vehicular A) have rather high delay spread i.e. about 2.5 to 3.5 us. According to our experience it is a bit questionable to have such high delay spread for a UE, which is so close to its base station (G=15 dB). Therefore we think that lower value of G should be used if tests are performed in Vehicular A channel and Pedestrian-B replaced with Pedestrian-A which better models the situation close to base station. With G=10 dB we think that Pedestrian A would be more appropriate. See also 2.2.

Based on the reasons discussed above, our proposal is that G value is decreased from 15 dB to 5 dB in all HSDPA tests which have Vehicular A profile, and the G value in the new propagation channel proposed (Pedestrian–A) would be 10dB.

Currently the test proposed in [1] for 16QAM are mainly high delay spread channels (Vehicular-A, Pedestrian-B). 16QAM is targeted to be used close to the base station where high enough SIR is available. In practice this means that 16QAM is typically used in low delay spread environments. This is reasonable as high delay spreads exist most commonly near the cell edge, where high HS-DSCH Ec/Ior per code is required. Thus it is highly likely that Node B allocates less complex modulation at the cell edge to save in the power allocated per code and hence the total system capacity. 
The target set by the WG1 is to minimize the UE complexity for a given system level performance. As it is not probable that long delay spreads are present close to the BS where the 16QAM is mostly used, it was seen that there is no need to unnecessarily increase the complexity of used receivers by introducing too stringent test. As a conclusion,  that the Vehicular-A will be used for QPSK testing and additional new test in Pedestrian-A is introduced for 16QAM. 

Addition to changes described above it is proposed that in variable reference channels performance specification the Pedestrian-B is changed to Pedestrian-A and Vehicular-A is removed. The reasoning for this is that with the more practical G value the probability of choosing 16QAM in Vehicular-A (and in Pedestrian-B) is low [7]

 REF _Ref5097333 \r [8]. Thus to certify wide range of different TFRC’s to be used Pedestrian-A is proposed to be used in variable reference channel performance testing/simulation.  
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7. Performance Assessment – Fixed Reference Channels

7.1. General

The fixed reference channels are described in Section 11.1. The guiding principles for their definition are:

a) UE capability class – it is desirable that a UE should be assessed at the limit of its supported information bit rate capability. Accordingly, each UE is assessed using the highest information rate fixed reference channel that lies within its capability parameters. The fixed reference channels defined in Section 11.1 permit assessment of the new modulation type of 16-QAM.

b) Incremental redundancy – since the new feature of IR (including the sub-category of Chase operation) is defined in the HS-DSCH modulation and coding chain, IR is used as the basis for fixed channel definition, and

c) H-ARQ processes – since the H-ARQ entity in the UE is required to support multiple H-ARQ processes (under a semi-static partition defined by higher-layer signalling), the fixed reference channels are defined consistent with multiple H-ARQ processes in the UE under test, where the number of H-ARQ processes are consistent with the capability class (specifically, with the inter-TTI distance capability parameter).

7.2. Test Configuration

The basic test apparatus configuration (and link simulation configuration) for fixed reference channels appears in Figure 1. As well as transmitting various downlink control channels (Section 10.1), the Node-B test apparatus transmits a 12.2kbps DPCH, one or more HS-SCCH’s (at minimum, from the UE’s perspective, the HS-SCCH set is of size greater than 1) and the HS-PDSCH. In addition, the Node-B test emulator transmits an OCNS signal required specified in Section 10.1. The UE under test transmits the complementary uplink DPCH and the HS-DPCCH (for ACK/NACK transfer in the case of the fixed reference channels).
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Test configuration – fixed reference channel.

For each of the propagation channels specified in Section 13.1, using a constant value of 
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, and corresponding specified downlink DPCH and HS-SCCH 
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 values, the information bit throughput 
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 is measured as a function of HS-PDSCH 
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. Receiver minimum performance requirements are then specified in terms of a minimum requirement for information bit throughput 
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 at specific values of HS-PDSCH 
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For fixed reference channels where the UE soft channel bit resource is partitioned between multiple H-ARQ processes, the test Node-B emulator transmits using each H-ARQ process in sequence. That is, on each valid successive TTI (observing the minimum inter-TTI interval of the UE) the test Node-B emulator increments the HS-SCCH H-ARQ process identifier modulo the number of defined H-ARQ processes.

As defined in [1], up to a maximum specified number of transmissions, each H-ARQ process transmission or re-transmission comprises a redundancy version derived using the HS-DSCH encoding and rate-matching procedure. If the maximum number of transmission attempts (specified in Section 10.4) is exceeded without reception of an ACK on the error-free uplink HS-DPCCH, the entire content of the information bit payload is assumed to have been lost. On the next transmission using the H-ARQ process for which the maximum number of transmission attempts has expired, the test Node-B emulator generates a new TTI information bit payload, and increments the HS-SCCH new data indicator field.

During the test, the ratio 
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 of the HS-PDSCH serving cell received power spectral density 
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 to interference spectral density 
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 is maintained at a constant level, at the value specified in the Section 13.1. The fraction of the Node-B radiated power allocated to the HS-PDSCH – expressed as the ratio 
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 of energy per chip 
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 assigned to the HS-PDSCH (in fact, the sum of the energy per chip of all the length-16 multicodes comprising the HS-PDSCH) divided by the transmitted power spectral density 
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 – is varied over the range specified in Section 13.1.

For each value of HS-PDSCH 
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, the measured information bit throughput 
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 is defined as the sum (in kilobits) of the information bit payloads (excluding the 24-bit HS-DSCH CRC) successfully received during the test interval, divided by the duration of the test interval (in seconds). The resulting throughput is expressed in units of kilobits/s (kbps) as a function of HS-PDSCH 
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.

The interference process represented by 
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 in Figure 1 is currently assumed to be temporally uncorrelated (i.e. spectrally white).

7.2.1. Redundancy Version Selection

For each successive RV transmission on a specific H-ARQ process, the Node-B test emulator transmits a set sequence of RV’s [12]. The 
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-th transmitted RV (where 
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) is expressed in terms of the RV selection parameter Xrv

 of the HS-DSCH coding and rate-matching procedure [1] according to modulation as presented in the Tables A and B below  (“mod” represents modulo function):

1. 



	k mod 2
	Xrv

	
	QPSK

	0
	0

	1
	1


Table A. RV selection for QPSK
	k mod 2
	Xrv

	
	16QAM

	0
	0

	1
	4

	2
	5

	3
	6


Table B. RV selection for 16QAM
-------------End of Change for Section 7------------
8. Annex B – Reference Channel Definition

8.1. Fixed Reference Channel Definition

8.1.1. 1.2Mbps HS-DSCH Fixed Reference Measurement Channels
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	

	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Parameter
	Unit
	Value

	
	
	(Category 5)

	Peak Inf. Bit Rate
	kbps
	1600
	3600

	Nominal Avg. Inf. Bit Rate
	kbps
	533
	1200

	Inter-TTI Distance
	TTI’s
	3
	3

	Number of HARQ Processes
	Processes
	2
	2

	Information Bit Payload (
[image: image25.wmf]INF

N

)
	Bits
	3200
	7200

	Number Code Blocks
	Blocks
	1
	2

	Binary Channel Bits Per TTI
	Bits
	4800
	9600

	Total Available SML’s
 in UE
	SML’s
	19200
	19200

	Number of SML’s per HARQ Proc.
	SML’s
	9600
	9600

	Inst. Coding Rate
	
	0.67
	0.75

	Final Coding Rate
	
	0.33
	0.75

	Number of Physical Channel Codes
	Codes
	5
	5

	Modulation
	
	QPSK
	16QAM


Table 4 - 1.2Mbps HS-DSCH fixed reference channel.




8.1.2. 3.6Mbps HS-DSCH Fixed Reference Measurement Channels
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	

	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Parameter
	Unit
	Value 

	
	
	(Category 3)

	Peak Inf. Bit Rate
	kbps
	1600
	3600

	Nominal Avg. Inf. Bit Rate
	kbps
	1600
	3600

	Inter-TTI Distance
	TTI’s
	1
	1

	Number of HARQ Processes
	Processes
	6
	6

	Information Bit Payload (
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)
	Bits
	3200
	7200

	Number Code Blocks
	Blocks
	1
	2

	Binary Channel Bits Per TTI
	Bits
	4800
	9600

	Total Available SML’s
 in UE
	SML’s
	57600
	57600

	Number of SML’s per HARQ Proc.
	SML’s
	9600
	9600

	Inst. Coding Rate
	
	0.67
	0.75

	Final Coding Rate
	
	0.33
	0.75

	Number of Physical Channel Codes
	Codes
	5
	5

	Modulation
	
	QPSK
	16QAM


Table 5 - 3.6Mbps HS-DSCH fixed reference channel.




8.1.3. [7]Mbps HS-DSCH Fixed Reference Measurement Channel

The detailed specification of this reference channel is TBD after completion of the RAN1 HSDPA UE capability discussion.

8.1.4. [10]Mbps HS-DSCH Fixed Reference Measurement Channel

The detailed specification of this reference channel is TBD after completion of the RAN1 HSDPA UE capability discussion.

-------------End of Change for Section 11------------

Annex C – Propagation Channels

8.2. Overview

The choice of propagation models are guided by the requirements laid down in Annex A (Informative) of [1] (reproduced in Section 14) which states that HSDPA operation should be optimised under propagation conditions and Doppler frequencies consistent with urban areas, but that high speed operation should not be precluded.

The primary Doppler frequencies at which assessment is emphasizes UE velocities between 3-30km/h, but limited testing at Doppler frequencies corresponding to 120km/h is retained (see Section 13) in order to ensure system robustness at higher speeds. This selection is reflected in the performance specifications (Section 13).

The ITU channel models Pedestrian-A at 3km/h (“PA3”)and Vehicular-A at 30km/h (“VA30”) are chosen as the primary models for testing purposes. In addition, a single test based on Vehicular-A at 120km/h (“VA120”) is retained to verify receiver robustness during high speed operation. The ITU Pedestrian-A and Vehicular-A models are defined below.

An AWGN channel is used for initial simulator alignment during RAN4 discussions, but is not intended to be included in the final performance requirements. 

8.3. ITU Channel Models

The ITU channels models are specified in e.g. [3], and – for convenience – are reproduced in the following sections. For simulation purposes, the waveform offered to the receiver input is synthesised at the rate of 
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 where 
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 is the chip interval and 
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 is an over-sampling factor (specified in Section 10). Channel taps specified in the ITU models are mapped to the nearest 
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-spaced sample.

8.3.1. Pedestrian-A Channel

The multipath intensity profile of the Pedestrian-A channel is defined as follows:

	Relative Delay
(ns)
	0
	110
	190
	410

	Relative Power
(dB)
	0.0
	-9.7
	-19.2
	-27.8


Table 6 - ITU Pedestrian-A channel model.
8.3.2. 

	
	
	
	
	
	
	

	
	
	
	
	
	
	



8.3.3. Vehicular-A Channel

The multipath intensity profile of the Vehicular-A channel is defined as follows:

	Relative Delay
(ns)
	0
	310
	710
	1090
	1730
	2510

	Relative Power
(dB)
	0.0
	-1.0
	-9.0
	-10.0
	-15.0
	-20.0


Table 7 – ITU Vehicular-A channel model.
Annex D – Performance Specification

8.4. Fixed Reference Channels

The performance specifications for the 1.2Mbps and 3.6Mbps capability classes appear in Table 7 and Table 8 respectively. Specifications for the [7] and [10] Mbps classes are for further study on completion of the RAN1 UE capability discussion.

Note 1 – Initially, for the purposes of simulation, results should be generated over the range of 
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 values specified in the HS-PDSCH 
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 column in the following tables. That is, the 2 specified values of 
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 should be treated as minimum and maximum values respectively of the simulated HS-PDSCH 
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. During the subsequent performance specification phase, 2 (or more) distinct values of HS-PDSCH 
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 may be specified as the reference HS-PDSCH 
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 values at which the minimum requirement for information bit throughput 
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 is established.

Note 2 – The AWGN propagation channel is defined in order to make easier initial alignment of simulation results. It will not be retained for final performance specification.

Note 3 – Each table may be simplified in future if constant values of 
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 are specified. The same comment applies to DPCH 
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 and HS-SCCH 
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. This is for further study.

Note 4 – RAN1 has not completed the definition of the signalling requirements for HSDPA (e.g. HS-SCCH  definition). Accordingly, for initial simulation purposes the power assigned to the DPCH and HS-SCCH channels is set to zero, and the power allocated to these channels is re-assigned to the OCNS transmission. Initial simulation results further assume error-free DPCH and HS-SCCH signalling data reception. The power allocation to the DPCH and HS-SCCH channels required to meet the signalling performance requirements is for further study.

	
	
	
	

	
	
	

	

	

	

	



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	Test Number
	Propag. Channel
	Test Parameters
	Performance
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(dB)
	HS-SCCH 
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(dB)
	DPCH
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(dB)
	Modulation
	HS-PDSCH
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 (dB)
(Note 1)
	T-put
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 (kbps)

	A
	AWGN

(Note 2)
	15
	Note 4
	Note 4
	16QAM
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD

	1
	PA3
	10
	Note 4
	Note 4
	16QAM
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD

	2
	VA30
	5
	Note 4
	Note 4
	QPSK
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD

	3
	VA120
	5
	Note 4
	Note 4
	QPSK
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD


Table 8 – 1.2Mbps fixed reference channel performance requirements.

	
	
	
	

	
	
	

	

	

	

	



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	Test Number
	Propag. Channel
	Test Parameters
	Performance
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(dB)
	HS-SCCH 
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(dB)
	DPCH
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(dB)
	Modulation
	HS-PDSCH
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 (dB)
(Note 1)
	T-put
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 (kbps)

	A
	AWGN

(Note 2)
	15
	Note 4
	Note 4
	16QAM
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD

	1
	PA3
	10
	Note 4
	Note 4
	16QAM
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD

	2
	VA30
	5
	Note 4
	Note 4
	QPSK
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD

	3
	VA120
	5
	Note 4
	Note 4
	QPSK
	-13
	TBD

	
	
	
	
	
	
	-1
	TBD


Table 9 – 3.6Mbps fixed reference channel performance requirements.

8.5. Variable Reference Channels

The performance specifications for the variable reference channels follow the formulation specified for the fixed reference channels. Table 9 and Table 10 specify performance for the 1.2Mbps and 3.6Mbps capability classes respectively. Specifications for the [7] and [10] Mbps classes are for further study on completion of the RAN1 UE capability discussion.

The same notes described in Section 13.1 applicable to fixed reference channels re-apply for Table 9 and Table 10.

	Test Number
	Propag.
Channel
	Test Parameters
	Performance
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(dB)
	HS-SCCH 
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(dB)
	DPCH
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(dB)
	HS-PDSCH
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 (dB)
(Note 1)
	T-put
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 (kbps)

	a
	AWGN
(Note 2)
	15dB
	Note 4
	Note 4
	-13
	TBD

	
	
	
	
	
	-1
	TBD

	1
	PA3 
	10dB
	Note 4
	Note 4
	-13
	TBD

	
	
	
	
	
	-1
	TBD

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 1 10– 1.2Mbps variable reference channel performance requirements.

	Test Number
	Propag.
Channel
	Test Parameters
	Performance
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(dB)
	HS-SCCH 
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(dB)
	DPCH
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(dB)
	HS-PDSCH
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 (dB)
(Note 1)
	T-put
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 (kbps)

	a
	AWGN
(Note 2)
	15dB
	Note 4
	Note 4
	-13
	TBD

	
	
	
	
	
	-1
	TBD

	1
	PA3
	10dB
	Note 4
	Note 4
	-13
	TBD

	
	
	
	
	
	-1
	TBD

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 11 – 3.6Mbps variable reference channel performance requirements.

-------------End of Changes------------
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� Currently mandatory for all HSDPA-capable UE’s.


� SML = Soft Metric Location, or storage of soft metric representation for a single uncoded bit.


� SML = Soft Metric Location, or storage of soft metric representation for a single uncoded bit.


� SML = Soft Metric Location, or storage of soft metric representation for a single uncoded bit.
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