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Introduction

In RAN1 the work on the specification for HSDPA is almost finalised and the is collected in TR 25.858 [3]. This will in the near future be mapped to the L1 specifications.  Two RAN4 contributions from Motorola and Nokia on the UE performance in HSDPA has been presented in [1] and [2]. Lately, discussions regarding HSDPA testing have been started on the reflector. 

Conclusions from the reflector are that requirements shall be based on minimum throughput, where the required minimum throughput is depending on capability and on propagation conditions. There is no need to e.g. separately test the demodulation performance because from a system performance view it is the performance of the complete scheme including H-ARQ and incremental redundancy (IR) that is essential. 

Most parts of the standard of HSDPA are now quite stable. However, the details of the quality indicator feedback scheme for the TFRC (Transport Format and Resource Combinations ) selection are missing. The HI is not yet fully specified either. These details are expected to be finalized at the next RAN1 meeting in February.  Therefore, it is proposed to start the discussions independent of the feedback signalling and the HI. Simulations with optimum uplink signalling can be started with a ideal uplink signalling mapped to a set of TFRCs. One advantage of this is also that the scheduler used in the simulations can be kept very  simple, it only follows the UEs recommendations. 

One further problem regarding the start of the simulations is that the reference TFRCs used for uplink signalling are not defined in RAN1. Our proposal for simulation assumptions is that the Node-B should use a defined set of  TFRCs. Therefore the total set of the TFRCs used in the simulations shall  include all reference TFRCs, which are used for the uplink signalling, given in [3] as a subset of the total set of  TFRCs. After RAN-1 have decided the details of the signalling and the reference TFRCs the simulation assumptions can be completed and the simulations can be started. 

Aim of the tests

The aim of the test is to test the performance of the complete HSDPA receiver based on the capability in the UE. 

Primarily it is proposed that the UE shall be tested in realistic environments with the main focus on low speed and short propagation delays. But some test shall also be performed for higher speed.

The performance of the H-ARQ scheme must be carefully tested . This must be carried out in a test where many retransmissions are needed in order to stress the HARQ processing. 

The accuracy of the feedback signalling must also be tested but the discussion in RAN1 is not finalised yet. Our proposal is to have tests where the Node-B always map the uplink signalled receiver quality to one of a limited set of  TFRCs while the downlink power is kept constant. For each testcase the performance can be specified by the minimum throughput. With these tests the uplink signalling accuracy as well as the receiver capability are tested. The uplink signalling shall keep the downlink throughput at a maximum level and that maximum level is given by the receiver capability.

Capability Classes

A UE should be tested according to its UE capability parameters. In a similar matter as for the tests of dedicated channels the tests of a HSDPA channels should be performed by several testcases at different data rates from a minimum set for a simple HSDPA terminal up to the highest possible data rate for more advanced HSDPA terminals.

The test cases can e.g. be specified for specified capability classes. In [3] reference capability classes are defined. The Capability Classes are summarized in Table 1.

Table 1 Summary of UE radio access capability parameter combinations, DL HS-DSCH parameters

	Reference combination 
	1.2 Mbps capability
	3.6 Mbps capability
	[7] Mbps capability
	[10] Mbps capability

	Phy parameters
	
	
	
	

	{Maximum number of HS-DSCH codes received, Minimum inter-TTI interval, Maximum number of HS-DSCH transport-channel bits that can be received within an HS-DSCH TTI}
	{5, 3, 9600}


	{5, 1, 9600},
	{10, 1, [15342]}

or

{10, 1, 19200}


	{15, 1, [20456]} or

{15, 1, 28800}

	Total number of soft channel bits
	19200
	57600
	115200
	172800


These show a subset of the total flexibility of  the UE capabilities. Our proposal is to base the testing on those classes.

AMC/Scheduler and selection of TFRC

It is important to keep a low complexity of the tests and of the test-instruments, simultaneously the test result should not depend very much on the instruments. Therefore we propose to keep the scheduler (part of the base station) in the test as simple as possible. This can be achieved by letting the scheduler always follow the link commands of the UE exactly.

 The current assumption of the feedback is that a recommended TFRC with a power offset is signalled. This signalling have some similarities with the power control loop in dedicated mode. By measuring the downlink channel quality and taking the receiver performance into account, the UE signals the highest possible data rate, i.e., TFRC including the power offset, it can support without exceeding a signalled BLER threshold. However the purpose of the uplink signalling of the power offset is not to control the power of the downlink HS-DSCH. Instead the aim is to be able to map other TFRCs with different rates than the reference TFRCs to those power offset values. Thereby instead of getting higher power it is assumed that another TFRC with lower rate is transmitted with the same power. Thereby the granularity of the uplink signalling is improved without any need to define more reference TFRCs.

In the simulations a limited set of TFRCs can be used and the downlink power of the HS-DSCH shall be kept constant. Since the details in the uplink signalling still are under consideration the details of the uplink signalling shall not be included in the simulations. The TFCR selection in the scheduler is in reality based on the uplink signalling but in the simulations the selected TFCR can be based on the quality of the received signal in the UE. To keep the scheduler well defined and simple, the TFCR selection shall be a direct mapping of the quality of the received signal to one of the used TFRCs. The exact mapping in the simulations can be up to each company and does not have to be agreed. In the TFCR selection a “signalling delay”  should also be simulated. Thereby the simulations are still independent of the actual signalling discussed in RAN1.   

The maximum number of control channels HS-SCCH is 4, but when a transmission in downlink is started the information is always received on the same HS-SCCH until there is an interrupt of the HS-DSCH communication to the UE at least one TTI.  Therefore it is proposed that the test shall include a pattern of DRX:ed TTIs. At each DRX:ed TTI the code of the used HS-SCCH channel is changed in a random manner. However this shall not be simulated. In the simulation I assume we have an ideal detection of the HS-SCCH.  

Reference TFRCs

In the specification a number of reference TFRCs will be defined. The exact set of reference TFRCs are not finally decided yet but in [3] the following list is given as an example:
Table 2. An example of a TFRC reference list

	TFRCs
	Modulation
	Transport block set size
	# of code channels

	TFRC1
	QPSK
	1200
	5

	TFRC2
	QPSK
	2400
	5

	TFRC3
	QPSK
	3600
	5

	TFRC4
	16QAM
	4800
	5

	TFRC5
	16QAM
	6000
	5

	TFRC6
	16QAM
	7200
	5


Since our proposal for specification and also the current uplink signalling are based on these reference TFRCs, the simulations can not start until the reference TFRCs are defined. 
Chase Combining and IR selection

IR selection must to be tested. Chase combining is a special case of IR selection where all symbols are soft combined. In IR selection some symbols are soft combined and some new symbols from the rate matching are added. Therefore our view is that we only need to test the IR selection performance. 

The scheduler can always force the UE to do either IR or Chase by sending either many redundancy versions (RVs) or only one. The parameter for the second rate matching stage that defines whether Chase or IR combining is used depend on the value of the RV parameter s which can take the value 0 or 1 to distinguish self-decodable (Chase combining) (1) and non self-decodable (IR combining) (0) transmissions, and the RV parameter r which changes the initial error variable eini.

It is important that the HARQ scheme is tested in an environment where many retransmissions occurs, e.g. in high-speed propagation conditions. These requirements will make sure that the UE’s can handle the memory size and that the HARQ memory is resistant against fragmentation. During a case where the majority of blocks are retransmitted two or more times and after which they pass decoding, there will be “holes” in a poorly organized memory. If enough blocks are tested at this SIR, then a fragmented memory will result and the resulting throughput will be degraded.
Propagation Conditions

The tests of HSDPA shall test a UE in different propagation conditions at two or more different signal levels according to the UE capabilities. The propagation conditions that we propose to be used in the tests are Case 3 (120 km/h and four paths) as a high  speed channel and Case 4 (3 km/h and two paths with equal strength). 

How can we know that the propagation conditions, that are used in the test cases, test if TFRC reporting is accurate enough? The receiver’s performance depends on the following parameters

1. Es/N0
2. ISI: tap delay, tap amplitude, and n:o taps

3. Doppler frequency

It seems like Case 3 covers points 1, 3, and n:o taps of point 2 above, while Case 4 covers points 1, 3, and tap delay and tap amplitude of point 2. 

One alternative for Case 3 is Case 5, which is defined at a lower speed (50 km/h). One drawback with this alternative is that only two paths are defined in this case.

Higher Layer Signaling

Higher layer signalling for the HSDPA includes some parameters for the physical layer.

In [3] the following is stated about higher layer scheduling:

Following connection specific parameters are informed to the UE by higher layer signalling:

1) Phs, default power offset between HS-DSCH code channel and P-CPICH (or S-CPICH in case beamforming with S-CPICH is used). 

2) BLER threshold, BLER value that UE uses for selecting the TFRC.  Possible values of the BLER threshold are FFS.
3) Measurement feedback cycle k.  k has a possible value of [1,5, 10,20,,40,80] corresponding to the feedback cycle of [2,10,20,40,80, 160] msec.  In addition, with the indication k=0, measurement feedback can be shut off completely.  (Note: It is to be determined whether k can have two values, in which case that k is selected depending on HS-DSCH activity.)
4) Measurement feedback offset l.  The exact definition of l is to be determined.
The use for the measurement feedback cycle k and feedback offset l is illustrated in Figure 1  (Note: The timing relations in the figure do not reflect the differences in DPCH frame offset.)    
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Figure 1 An illustration of feedback measurement transmission timing
These parameters has to be specified for each testcase. The BLER threshold and the measurement feedback cycle are essential for the simulation assumption. It is proposed to use BLER threshold equal to 10% and the feedback cycle equal to 10 ms.
Proposal for test

Propagation Conditions

We propose to test the UE in Case 3 and 4. Depending on the results in Case 3, it could be changed to Case 5 (50 km/h).

Physical Channels

In Figure 2 the test setup  which was given in [1] is given.
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Figure 2 UE Test Configuration.

We agree with this configuration, the settings of the physical channels in the test setup are given in Table 3. 

Table 3  The downlink physical channels during the test.

	Physical Channel
	Parameter
	Value
	Note

	P-CPICH
	P-CPICH_Ec/Ior
	-10dB
	Only P-CPICH specified as phase reference for HS-PDSCH testing (see text). S-CPICH not tested (although expected in practice).

	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
	DPCH is not power controlled, but open-loop power level specified as test requirement.

	HS-SCCH_1
	HS-SCCH_Ec/Ior
	TBD
	Specifies fraction of Node-B radiated power on the downlink control channel transmitted when TTI is active. Only one of the control channels is active simultaneously with power HS-SCCH_Ec/Ior . Which of the four control channels that is active is changed from TTI to TTI . 

	HS-SCCH_2
	HS-SCCH_Ec/Ior
	TBD
	

	HS-SCCH_3
	HS-SCCH_Ec/Ior
	TBD
	

	HS-SCCH_4
	HS-SCCH_Ec/Ior
	TBD
	

	HS-PDSCH
	HS-PDSCH_Ec/Ior
	Test specific
	Specifies the fraction of Node-B radiated power on the high speed shared channel transmitted when TTI is active.

	OCNS
	OCNS_Ec/Ior
	Test specific
	Simulate other dedicated channels. Balance of test Node-B transmit power (i.e. Ec/Ior sums to unity)


TFRCs

The set of TFRC used by the basestation must be agreed. These should be based on the reference TFRCs and some TFRCs that can be mapped to the power offset values which are used in the uplink signalling. The total number of TFRCs required for the performance tests must be agreed. The reference TFRCs are not defined in RAN1. It is essential that those are defined in RAN1 in order to start the simulations. Thereafter the other TFRCs (mapped to the reference TFRCs and power offsets) can be agreed for the simulations. 

HSDPA Parameters

	Parameter
	Value

	Number of HARQ processed
	6

	s (RV)
	non-self decodable (IR selection)



	r (RV)
	TBD

	BLER threshold
	10%

	Measurement feedback cycle k
	5


Conclusion

A test procedure for HSDPA terminals is proposed. Only one kind of test, which covers the total system performance, is defined. Once the details of the quality feedback signalling and reference TFRCs are finalized by RAN1, the last simulation assumptions can be completed.

Appendix A - Simulation Assumptions

The simulation assumptions underlying the Standard and HARQ tests outlined above are summarized in Table 4.

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	Downlink physical channels and power levels
	Table 3

	HS-DSCH reference channels
	Table 2

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

	OCNS
	Table 3

	Number of OVSF codes
	5, 10 or 15  depending on TFRC

	UL DPCH reference channel
	12.2 kbps

	DL DPCH reference channel
	12.2 kbps

	DL DPCH closed loop power control
	On

	HS-DSCH receiver type
	Start with RAKE receiver.

	Channel estimation
	Ideal in the beginning

	RX AGC
	

	Number of samples per chip
	1

	Channel types
	Static, Case-3, Case 4

	Channel ray mapping
	Nearest chip-spaced delay

	Number of bits in A/D converter
	Floating point simulation

	IR coding
	To be specified by WG1

	HS-DSCH BLER threshold
	PER = 10-1 

	Turbo decoding
	MaxLogMap - 8 iterations
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	-60 dBm (except for static tests)

	P-CCPCH
	Random symbols transmitted – ignored by receiver

	PICH
	Random symbols transmitted – ignored by receiver

	DPCH – DTCH
	FER = 10-2

	DL DPCH HI amplitude (w.r.t DPCH)
	TBD

	HS-SCCH transmit power level
	TBD

	HARQ feedback error rate
	0%

	HS-SCCH feedback error rate
	0%

	Nr of HARQ processes
	6

	Signalling delay of quality indicator
	TBD


Table 4 – Simulation assumption summary.
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