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1. 
Up till now, the HSDPA receiver test specification [1] has been limited in scope. Simulation results from different companies have only been offered for fixed reference channels, and a number of elements are still missing from the simulated HSDPA performance data before a complete picture of HSDPA performance is available. These elements include:

1. Tx diversity: no test cases have been specified. Following the decisions made at RAN1#25 concerning transmit diversity for HSDPA, this can now be done at least for the open-loop case, specified as a logical extension of the single-antenna tests,

2. Variable reference channels: these channels have not yet been simulated, thus neglecting the core HSDPA elements of adaptive modulation and Channel Quality Indication (CQI), and

3. HS-SCCH performance: is assumed to be ideal as the simulation results have been generated assuming ideal HS-SCCH performance and neglecting the presence of the associated DPCH on the downlink.

This contribution considers how to progress each of these areas, and makes recommendations on simulation assumptions that could be used as the basis for presenting results at RAN4#24.

2. Assessment of Transmit Diversity Performance

After RAN1#25, the status of allowable combinations for HSDPA transmission are reflected in Table 1.

	
	Combination 1
	Combination 2
	Combination 3
	Combination 4
	Combination 5

	DPCH
	Open Loop
	Open Loop
	Closed Loop Mode 1
	Closed Loop Mode 2
	Disabled

	HS-DSCH
	Open Loop
	Disabled
	Closed Loop Mode 1
	Closed Loop Mode 2
	Disabled

	HS-SCCH
	Open Loop
	Disabled
	Closed Loop Mode 1
	Closed Loop Mode 2
	Disabled

	RAN1 Status
	Agreed
	Under study
	Under study
	Under study
	Agreed


Table 1 - HSDPA RAN1 Transmit diversity status.

Combination 5 is obviously the single-antenna case RAN4 has already dealt with.  Concerning transmit diversity, combination 1 is currently agreed in RAN1, with combinations 2, 3 and 4 under study. Accordingly, given RAN1’s agreement on at least one transmit diversity mode, it now seems appropriate for RAN4 to specify a test for assessment of transmit diversity for combination 1. This has the added benefit of addressing the concerns expressed by some companies regarding backwards compatibility of HSDPA with Release-99 services. Methods of assessing other transmit diversity combinations (such as closed loop modes) can be added on completion of RAN1’s work on transmit diversity for HSDPA.

The proposed downlink physical channels required for assessment of HSDPA transmit diversity combination 1 appear in Table 2 (in turn based on Section C.3.3 of [2]), where the OCNS signal radiated by the UE uses the code set specified in Section 10.2 of [1].

	Physical Channel
	Parameter
	Value
	Note

	P-CPICH (antenna 1)
	P-CPICH_Ec1/Ior
	-13dB
	1. Total P-CPICH_Ec/Ior = -10dB

	P-CPICH (antenna 2)
	P-CPICH_Ec2/Ior
	-13dB
	

	P-CCPCH (antenna 1)
	P-CCPCH_Ec1/Ior
	-15dB
	1. STTD applied.

2. Total P-CCPCH Ec/Ior is –12dB.

	P-CCPCH (antenna 2)
	P-CCPCH_Ec2/Ior
	-15dB
	

	SCH (antenna 1/2)
	SCH_Ec/Ior
	-12dB
	1. TSTD applied.

2. Power divided equally between primary and secondary SCH.

	PICH (antenna 1)
	PICH_Ec1/Ior
	-18dB
	1. STTD applied.

2. Total PICH Ec/Ior is –15dB.

	PICH (antenna 2)
	PICH_Ec2/Ior
	-18dB
	

	DPCH
	DPCH_Ec/Ior
	Test-specific
	1. STTD applied.

	HS-SCCH_1
	HS-SCCH_Ec/Ior
	Test-specific
	1. STTD applied.
2. Specifies fraction of Node-B radiated power transmitted when TTI is active (i.e. due to minimum inter-TTI interval).

	HS-SCCH_2
	HS-SCCH_Ec/Ior
	DTX’d
	1. UE assumes STTD applied.

2. 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
	1. As HS-SCCH_2.

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

	HS-PDSCH
	HS-PDSCH_Ec/Ior
	Test-specific
	1. STTD applied.

	OCNS
	
	Test-specific
	1. STTD applied.
2. Balance of power 
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 of the Node-B is assigned to OCNS.

3. Power divided equally between antennas.


Table 2 - Downlink physical channels for testing of HSDPA Tx diversity combination 1.

RAN4 has made most progress in defining the QPSK and 16-QAM fixed reference channels specified in Section 11 of [1], and it is proposed that the downlink physical channel specifications of Table 2 be applied to those reference channels using the same throughput assessment criterion.

Given the importance of adaptive modulation and the Channel Quality Indicator (CQI) for HSDPA, it is also proposed that the same physical channel specification be applied to the variable reference channels of [1] once those channels are agreed. 

A summary of the proposed test conditions for the fixed reference channel cases appear in Table 3.

	
Simulation Condition

	Value

	Downlink physical channels
	Table 2 above

	Simulation assumptions
	Table 4 of [1]

	Fixed reference channel sets
	1, 2 of [1]
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 (dB)
	{5,15} dB
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 (dB)
	{-12,-10,-8,-6,-4,-2}dB

	Propagation channels
	PA3, PB3, VA30, VA120


Table 3 - Summary simulation conditions – open-loop Tx diversity testing.
3. Assessment of Variable Reference Channel Performance

Following RAN1#25, RAN1 progressed work on the Channel Quality Indicator (CQI) leading to the agreed formulation described in [3] subject to the minor requirements for further work described in [4].

Subsequent to RAN1#25, and further to [5], there has been discussion on the RAN1 reflector concerning methods of signaling the Transport Block Set (TBS) on the HS-SCCH. As a result of this discussion, there is some possibility that small changes in the CQI definitions outlined [3] may occur, but these are likely to be restricted to:

a) possible small adjustments in the CQI information bit payloads,

b)  the potential addition of a power-offset modification for the smallest CQI values (subject to RAN2’s discussion on MAC PDU sizing).

These possible changes to the CQI tables are not substantive, however, and it now seems feasible for RAN4 to consider methods of assessing CQI reporting performance in the context of the variable reference channels outlined in [1].

A proposal for variable reference channel definition capable of assessing CQI performance was made at RAN4#22 [6]. Any small changes in the CQI TBS (as defined in a) above) seem to have negligible consequences for the proposal. The introduction of power offsets at the upper (and possibly lower) portions of the CQI table would, however, require a minor modification to the proposed test procedure, which follows.

3.1.1. Revised Variable Reference Channel Test Proposal

UE performance under variable reference channel conditions would be assessed in the following steps.

a) configure the UE under test to observe a specified mean 
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, and then vary the HS-PDSCH 
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 over a specified range. For each value of HS-PDSCH 
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, the UE is signaled with the HS-PDSCH power offset parameter 
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 computed as the ratio of the HS-PDSCH 
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 to the CPICH 
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, and then steps b) and c) are executed,

b) configure the Modulation and Coding Controller (MCC) in the Node-B test emulator (as indicated in Figure 2 of [6]) to deliver a single packet whose TBS, number of HS-PDSCH physical channel codes and modulation type are indicated by the most recently received CQI from the UE under test. If the indicated CQI includes a power-offset, the Node-B emulator transmits the defined CQI with maximum (or minimum) payload, and reduces (increases) the 
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 applied to the HS-PDSCH by the offset indicated by the CQI,

c) observing that a single transmission per TTI is used (i.e. no H-ARQ or IR is employed), the uplink ACK/NACK process on the error-free HS-DPCCH is used by the Node-B emulator to estimate the PER over the duration of the test. The UE is required to maintain an estimated single-transmission packet error rate 
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range required by the test, where 
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is FFS,

d) the UE is further required to sustain at least a minimum mean information bit throughput 
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, as measured over the duration of the test.

A summary of the resulting simulation conditions appears in Table 4. The minimum requirement for 
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 and associated maximum permissible 
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 would be specified following presentation of simulation results.

	Simulation Condition
	Value

	Downlink physical channels
	Table 2 of [1]

	Simulation assumptions
	Table 4 of [1] (no re-transmission)

	UE Capability Combination Category [5]
	1,5
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 (dB)
	{5, 15} dB
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 (dB)
	{-12,-10,-8,-6,-4,-2}dB

	Propagation channels
	PA3, PB3, VA30, VA120


Table 4 - Summary simulation assumptions – variable reference channel testing.

4. Assessment of HS-SCCH and Associated DPCH Performance

As Table 2 and Tables 10-13 of [1] indicate, it is also necessary to consider the simultaneous performance of the UE when receiving the associated DPCH and HS-SCCH, since this is an important measure of adequate UE demodulation resource provisioning (e.g. despreading resources etc.) In practice, this effectively requires that the DPCH 
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and HS-SCCH 
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entries of Tables 10-13 of [1] be populated with specific values.

RAN1’s decision to eliminate the HI field from the associated DPCH makes the definition of a reference configuration for the associated DPCH relatively straightforward, and it is proposed that the 12.2kbps downlink reference channel specified in Section A3.1 of [2] be used as the basis for HSDPA receiver performance assessment. Although it would be desirable to configure the DPCH with closed-loop power control enabled (especially since the HS-SCCH transmit power level is specified with respect to the DPCH pilot symbols and therefore could also be power controlled), this may be excessively complex from a test perspective. Accordingly, it is proposed that the DPCH and hence HS-SCCH are not power controlled.

The modulation and coding aspects of the HS-SCCH are almost complete in RAN1 (with the exception of the UE-specific HS-SCCH Part-1 mask specification, and the precise convolutional encoder rate and puncturing patterns). [1] currently specifies that the UE should be signalled that the HS-SCCH set size is 4, with the UE under test addressed using one particular HS-SCCH.

Notably, however, TS 25.214 (Rel5) states that “if the UE did not detect control information intended for this UE on any of the HS-SCCHs in the HS-SCCH set in the previous subframe, the UE shall monitor all HS-SCCHs in the HS-SCCH set. If the UE did detect control information intended for this UE in the previous subframe, it is sufficient to only monitor the same HS-SCCH used in the previous subframe.”

Accordingly, for reference test channels such as the fixed reference channel set 2, since the UE is signaled on each consecutive sub-frame, the HS-SCCH detection problem is simplified, and detection performance improved. No such simplification occurs, however, for fixed reference channel set 1 (whose inter-TTI distance is 3). One possible solution here would be to test UE’s capable of supporting fixed reference channel set 2 using fixed reference channel set 1 (or some subset of the fixed reference channel set 1 requirements).
At present, according to [1], HS-SCCH_2-4 are DTX’d. In practice, another potential issue in HS-SCCH detection is the possibility of missed detection of the HS-SCCH intended for the UE under test due to higher received signal power on alternative HS-SCCH’s, and this problem is not assessed with the current test methodology. This aspect could be handled by specifying activity on one or more of the HS-SCCH’s other than HS-SCCH_1, or by including null transmission sub-frames, but before this additional complexity is introduced it would be useful to reach consensus on whether this represents an important failure case for HSDPA receivers.

Accordingly, it is proposed that – for each fixed reference channel test case adopted at RAN4#23 – maximum specified values for DPCH and HS-SCCH 
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 be recommended at RAN4#24 by each interested company, based on a) a required DPCH FER of 1%, and b) no more than 1% reduction in throughput due to HS-SCCH failure.
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