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1. Introduction

This contribution continues the discussion initiated in [1] and [2] of UE performance requirements for HSDPA to be specified in TS25.101 REL-5.

HSDPA introduces new physical layer functionality into REL-5, and a complete performance specification will require careful attention to the following areas: multicode operation and higher order modulation, HARQ, incremental redundancy (IR), UE channel quality indicator (CQI) reporting and new control channels.

A discussion had been initiated recently in the RAN4 reflector for an agreement on various issues. There seems to be a general agreement that the performance requirement can be specified in terms of information bit throughput (based on fixed reference channels as well as possibly CQI-controlled reference channels). But there are still some outstanding issues on which agreement has yet to emerge. This contribution discusses those issues and makes recommendations for a way forward. 

This contribution also summarizes a proposed set of simulation assumptions for HSDPA performance testing.

2. Propagation Models

In choosing the propagation models, we should be guided by the requirements laid down in Annex A (Informative) of [3] which states that HSDPA operation should be optimized (and presumably tested) under propagation conditions and Doppler frequencies consistent with urban areas, but that high speed operation should not be precluded. The channels defined in [4], which have been used for testing purposes in earlier releases, do not meet these requirements fully. Moreover, delay spread of the channel can have a significant effect on HS-PDSCH receiver performance. Hence, it is proposed that:

a) the ITU-defined channel models Pedestrian-B at 3 km/h (“PB3”) and Vehicular-A at 30 kmph (“VA30”) be chosen as the primary models for testing purposes, 

b) a single additional test based on Vehicular-A at 120 km/h (“VA120”) be retained to verify receiver robustness under high speed operation, and

c) an AWGN channel be retained for initial simulator alignment during RAN4 discussions, but should not be included in the final performance requirements.

3. Reference Channels

We propose that two types of reference channel be defined for HSDPA performance testing. The first type – denoted “fixed” reference channels – use a constant information bit payload per TTI, and permit verification of IR functionality and ACK/NACK-controlled HARQ, but make no use of the UE-reported CQI. These reference channels permit rapid initial test results to be generated (both in simulation and in implementation). TR 25.858 [3] currently specifies four UE reference capability classes. We propose that each reference capability class should have its own fixed reference channel to permit testing near the limits of the UE capability.

 The second type – denoted “variable” reference channels – use a primitive AMC definition at the Node-B emulator (a proposed AMC function is described in detail in [7]). Based on the reported CQI, the AMC selects the per-TTI information bit payload, and therefore embeds the UE’s-CQI measurement reporting performance in the throughput performance assessment. Variable reference channels – whose peak data rate is matched to the UE capability under test – are designed to permit a full evaluation of a) the CQI reporting performance of the UE
, and b) the modulation and coding chain of the UE under test (since the variable reference channel definition permits a much richer combination of modulation and coding parameters such as instantaneous and final coding rate, number of multicodes etc.)

Four reference HS-PDSCH DL channels are proposed for throughput testing with fixed reference channels – one for each reference capability class. 16-QAM is defined as the basis for the fixed reference channels, in order to focus performance assessment on that newly-introduced modulation type. A summary of each proposed reference channel appears in Table 1 (note 
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 is the number of HS-DSCH information bits per TTI), and details appear in Appendix A (Section 8). Note that since the UE capability classes corresponding to [7]Mbps and [10]Mbps are not fully specified in TR 25.858, those fixed reference channel definitions are presently TBD.

	Ref. 
Cap. 
Comb.
	NINF / TTI
	NINF / TTI
(inc CRC)
	Num. Code Blks / TTI
	Num. Coded Bits / TTI
	Num. Phy. Codes
	Mod’n
	Inter-TTI Dist.
(TTI)
	Nom Avg. Inf. Bit Rate (Mbps)

	1.2Mbps
	4704
	4728
	1
	7680
	4
	16-QAM
	3
	0.788

	3.6Mbps
	4704
	4728
	1
	7680
	4
	16-QAM
	1
	2.364

	[7.0]Mbps
	TBD
	TBD
	TBD
	TBD
	TBD
	16-QAM
	1
	TBD

	[10.0]Mbps
	TBD
	TBD
	TBD
	TBD
	TBD
	16-QAM
	1
	TBD


Table 1 – Summary of proposed fixed reference channels

4. Receiver

An outline comparison of RAKE receiver performance with respect to one type of advanced receiver (based on an MMSE equalizer) for particular environmental conditions corresponding to a) relatively full use of the UTRA carrier for HSDPA, and b) partial utilization for HSDPA appears in Figure 3 and Figure 4 respectively. It can be seen that in terms of packet error rate the advanced receiver can offer performance improvement. Further results showing the effect on information bit throughput appear in [9].

5. Control Channels

Since correct packet reception is conditional on successful signaling on the associated downlink DPCH (when more than one HS-SCCH is in use) as well as the HS-SCCH, we propose that receiver performance for both these control channels should be tested, and further propose that such testing be built into the throughput tests.

According to TR 25.858 [3], use of the HI bit in the downlink DPCH is only required when more than one HS-SCCH is present. The worst-case performance test condition occurs when the UE is required to monitor the maximum of 4 HS-SCCH’s, and this is our proposed test condition (see Table 6). Since RAN1 has not completely defined the HS-SCCH structure or HI puncturing pattern, the required DPCH and HS-SCCH Node-B fractional power levels remain TBD in Table 6.

6. Performance Tests and Requirements

It is proposed that the performance requirement for each reference capability class be summarized using the template defined by Table 2 (i.e. four such tables would be defined, populated with performance requirements corresponding to the 1.2, 3.6, [7] and [10] Mbps capability classes). Here, “fixed” implies a fixed reference channel; “var” implies a variable reference channel. Note that – at present – 
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 are shown to vary with each channel condition. This could be simplified to permit a single value per capability class if subsequent testing of the HS-SCCH and DPCH channel performance indicates this is feasible. Note also that a modified OCNS function (defined in [8]) is used to sum the total Node-B radiated 
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 to unity.
6.1. Throughput Test – Fixed Reference Channels

For tests involving fixed reference channels, the throughput 
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 is assessed by the Node-B emulator based on the error-free uplink ACK/NACK process, for a specified maximum number of transmission attempts (Table 5).
 Fixed reference channel tests are specified for AWGN (for initial simulation purposes only), Pedestrian-B and Vehicular-A fixed reference channels. As discussed above, the UE-reported CQI is not used.

6.2. Throughput Test – Variable Reference Channel

For variable reference channels tests, a primitive AMC is required at the Node-B and a proposal for such an entity is specified in [7]. At present, the RAN1 working assumption is that the UE will report back a metric related to the information rate at which it is able to receive packets at a given packet error rate under the given downlink channel condition [6], but – as stated in [3] – this form of CQI is to be considered further by RAN4. 

[5] discusses some potential drawbacks of this method and proposes a simplified channel quality indicator based on CPICH SNR. Regardless of whether the adopted CQI is the reported-rate CQI [6], pilot SNR CQI [5] or some other CQI, we believe that specification of an appropriate AMC (such as [7]) is feasible and offers useful benefits in testing efficiency and performance assessment.

6.3. Performance Requirements

It is proposed that the performance requirement for each reference capability class be summarized using the template defined by Table 2 (i.e. four tables would be populated with performance requirements, with a separate table corresponding to the 1.2, 3.6, [7] and [10] Mbps requirement). Here, “Fixed” implies a fixed reference channel; “Var” implies a variable reference channel. The AWGN channel case would only be retained during RAN4 performance discussions and would be eliminated before inclusion into TS 25.101. Note that – at present – 
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 are shown to vary with each test type. This could be revised to permit a single value per capability class if subsequent testing of the HS-SCCH and DPCH performance indicated this was feasible. Finally, for each propagation channel type, two minimum performance values for HS-DSCH information bit throughout 
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 are specified as a function of HS-PDSCH 
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. These would correspond to selected locations on the corresponding reference channel ‘hull’ curve.
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 (kbps)

	a
	AWGN

	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	TBD
	TBD

	1
	PB3 
(Fixed)
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	TBD
	TBD

	2
	VA30 (Fixed)
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	TBD
	TBD

	3
	VA120
(Fixed)
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	TBD
	TBD

	4
	PB3 
(Var)
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	TBD
	TBD

	5
	VA30
(Var)
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	TBD
	TBD


Table 2 – Capability class-specific (1.2, 3.6, [7], [10] Mbps) performance requirements.

8. Appendix A – Fixed Reference Measurement Channels

8.1. 1.2Mbps HS-DSCH Fixed Reference Measurement Channel

	Parameter
	Unit
	Value 

	Peak Inf. Bit Rate
	kbps
	2364

	Nominal Avg. Inf. Bit Rate
	kbps
	788

	Inter-TTI Distance
	TTI’s
	3

	Number of HARQ Processes
	Processes
	2

	Information Bit Payload (
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)
	Bits
	4704

	Number Code Blocks
	Blocks
	1

	Binary Uncoded Bits Per TTI
	Bits
	7680

	Total Available SML’s
 in UE
	SML’s
	19200

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

	Inst. Coding Rate
	
	0.62

	Final Coding Rate
	
	0.49

	Number of Physical Channel Codes
	Codes
	4

	Modulation
	
	16-QAM


Table 3 - 1.2Mbps HS-DSCH reference measurement channel
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Figure 1 - Coding for 1.2Mbps HS-DSCH reference measurement channel

8.2. 3.6Mbps HS-DSCH Fixed Reference Measurement Channel

	Parameter
	Unit
	Value 

	Peak Inf. Bit Rate
	kbps
	2364

	Nominal Avg. Inf. Bit Rate
	kbps
	2364

	Inter-TTI Distance
	TTI’s
	1

	Number of HARQ Processes
	Processes
	6

	Information Bit Payload (
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	Bits
	4704

	Transport Block Set Size
	Bits
	4704

	Number Code Blocks
	Blocks
	1

	Binary Uncoded Bits Per TTI
	Bits
	7680

	Total Available SML’s in UE
	SML’s
	57600

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

	Inst. Coding Rate
	
	0.62

	Final Coding Rate
	
	0.49

	Number of Physical Channel Codes
	Codes
	4

	Modulation
	
	16-QAM


Table 4 - 3.6Mbps HS-DSCH reference measurement channel
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Figure 2 - Coding for 3.6Mbps HS-DSCH reference measurement channel

8.3. [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.

8.4. [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.

9.  Appendix B – Simulation Assumptions

The simulation assumptions underlying the throughput tests outlined above are summarized in Table 5. The power levels of various physical channels are given in Table 6.

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channels
	1.2 Mbps, 3.6 Mbps, [7.0] Mbps and [10.0] Mbps

	HSDPA control channels present
	HS-SCCH (4), HI (on DPCH)

	OCNS
	Used to sum total radiated Ec/Ior to unity (see [8])

	DL DPCH reference channel
	12.2 kbps

	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 multipath component) are estimated by the receiver.

	RX AGC
	Off

	Pilot-Data Ratio
	Estimated

	Number of samples per chip
	2 samples per chip at input to receiver

	SRRC pulse shaping 
	On

	Propagation channel types
	AWGN, PB3, VA30, VA120

	Channel ray mapping
	Nearest 
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 is chip rate)

	Number of bits in A/D converter
	Floating point simulation

	IR coding
	As specified by RAN-WG1 (exact scheme TBD after WG1 completes work)

	RV sequence
	Sequence specified a-priori (exact sequence TBD after WG1 completes work)

	Max number of transmissions
	4

	Number HS-DSCH transport channels
	1

	Turbo decoding
	MaxLogMap - 8 iterations
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	-60 dBm

	P-CCPCH
	Random symbols transmitted – ignored by receiver

	PICH
	Random symbols transmitted – ignored by receiver

	ACK/NACK feedback error rate
	0%

	CQI feedback error rate
	0%


Table 5 – Simulation assumption summary.

	Physical Channel
	Parameter
	Value
	Note

	P-CPICH
	P-CPICH_Ec/Ior
	-10dB
	S-CPICH could also be specified if necessary.

	P-CCPCH
	P-CCPCH_Ec/Ior
	-12dB
	As specified in 25.101 – mean power level is shared with SCH.

	SCH
	SCH_Ec/Ior
	-12dB
	As specified in 25.101 – mean power level is shared with P-CCPCH – SCH includes P- and S-SCH, with power split between both.

	PICH
	PICH_Ec/Ior
	-15dB
	As specified in 25.101.

	DPCH
	DPCH_Ec/Ior
	Test-specific
	Power level specified as test requirement.

	HS-SCCH_1
	HS-SCCH_Ec/Ior
	Test-specific
	Specifies fraction of Node-B radiated power transmitted when TTI is active.

	HS-SCCH_2
	HS-SCCH_Ec/Ior
	DTX’d
	No signalling scheduled, or power radiated, on this HS-SCCH, but signalled to the UE as present.

	HS-SCCH_3
	HS-SCCH_Ec/Ior
	DTX’d
	As HS-SCCH_2.

	HS-SCCH_4
	HS-SCCH_Ec/Ior
	DTX’d
	As HS-SCCH_2.

	HS-PDSCH
	HS-PDSCH_Ec/Ior
	Test-specific
	As specified by the test.

	OCNS
	
	Active
	Balance of power of the Node-B is assigned to OCNS [8].


Table 6 – Downlink physical channels transmitted during a connection
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Figure 3 – HS-PDSCH BLER vs. Ior/Ioc with 16QAM, R=1/2 and 5 codes
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Figure 4 – HS-PDSCH BLER vs. Ior/Ioc with QPSK, R=1/2 and 5 codes
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� CQI reporting assessment could also be performed in a separate test, but our current analysis is that – by embedding the CQI in the throughput test – evaluation of the CQI report is performed efficiently. Further, in this way, it is more critically evaluated since both under- and over- estimation of the reported CQI leads to reduction in total information bit throughput, especially for the 3 km/h cases when the CQI is most useful.


� At present, we propose that packet delay and delay variation need not be assessed.


� Not retained for incorporation into TS 25.101.


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