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1 Introduction
A new work-item was approved in RAN plenary #48[2]. The objective of the work-item according to the WI-description is the following:

Specify performance requirements (RAN4 specifications) corresponding to the following workarounds:

a. Introduction of a MIMO cell antenna 2 S-CPICH power offset
· Define the requirements for MIMO UEs operating in MIMO mode when P-CPICH and S-CPICH are configured with different power offsets
b. Downlink control channels in STTD mode
· Define the requirements for MIMO UEs operating in MIMO mode
In the RAN4 AH #3 2010, two contributions on the subject were treated [3][4]. This contribution aims to continue the discussion on the methodology and scope of the RAN4 studies needed to complete the work-item objectives.
2 Discussion on proposals from [4]
In [4] 10 proposals were made that are discussed further in Table 1. 
Table 1. Comments to proposals in [4].

	Proposal #
	Description
	Comments 

	Proposal 1
	Introduce MIMO HS-DSCH demodulation performance and CQI reporting requirements when P-CPICH/S-CPICH is configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH)
	Seems a reasonable approach, to limit the number of test-combinations.

	Proposal 2
	Introduce HS-SCCH Type 3 performance requirements for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH as per the downlink physical channel setup in Table 3. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.
	No principal objections. The requirements that already exist for HS-SCCH Type3 can probably be re-used for the case of non-STTD as long as the P-CPICH power is not changed with respect to the setup of the existing test-cases.

	Proposal 3:
	Introduce a common precoder in the test setup for all the MIMO testing
	Since the common precoder should be transparent with respect to the UE algorithms, we do not see the need to include it in the test setup. PCI restriction should however be included since it may affect the performance results.

	Proposal 4:
	Introduce DC-HSDPA MIMO (with and without single stream restriction) demodulation performance requirements when P-CPICH/S-CPICH is configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH)
	Similar to Proposal 1, it seems a reasonable approach, to limit the number of test-combinations.

	Proposal 5:
	Introduce MIMO HS-DSCH demodulation performance requirements similar to Section 9.2.4 in 25.101 for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH).
	Seems to be a reasonable approach.

	Proposal 6:
	A power offset of 3dB (P-CPICH/S-CPICH) is proposed for the new MIMO requirements (HS-DSCH, HS-SCCH and CQI) when P-CPICH/S-CPICH is used as a phase reference.
	Seems to be a reasonable approach.

	Proposal 7:
	Introduce HS-DSCH demodulation performance requirements similar to Section 9.2.4A in 25.101 for UEs that support MIMO only with single stream restriction when P-CPICH and S-CPICH are configured as a phase reference for for reference for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH
	No principal objections, low-cost UE supporting MIMO with single stream restriction are likely to be operating with P-CPICH and S-CPICH

	Proposal 8:
	Introduce HS-SCCH Type 3 performance requirements similar to Section 9.4.3 in 25.101 for UEs that support MIMO when P-CPICH and S-CPICH are configured as a phase reference for a) UE supports transmit diversity on HS-SCCH and DPCH and b) UE does not support transmit diversity on HS-SCCH and DPCH. Note that for case a), on P-CCPCH, PICH and SCH, transmit diversity should be disabled.
	No principal objections. The requirements that already exist for HS-SCCH Type3 can probably be re-used for the case of non-STTD as long as the P-CPICH power is not changed with respect to the setup of the existing test-cases.

	Proposal 9:
	Introduce HS-SCCH Type 3 performance requirements similar to Section 9.4.4 in 25.101 for UEs that support MIMO with single stream restriction when P-CPICH and S-CPICH are configured as a phase reference for a)
	Seems to be a reasonable approach.

	Proposal 10:
	Study further the CQI performance in the presence of a non-zero power offset (proposed value = 3dB) when P-CPICH/S-CPICH is used as a phase reference for for the case when transmit diversity is disabled on the associated physical channels (P-CCPCH, PICH, SCH, HS-SCCH, DPCH)

It should be noted that there will an impact to the requirements with a single stream MIMO due to the use of a common precoder.


	Seems reasonable to study this further.


3 Discussion on HS-PDSCH MIMO test-cases

The existing MIMO requirements have been listed in Table 2, 4 of the test-cases (TC1-TC4) are testing 16QAM MIMO and were added in Release 7. The remaining testcase (TC5) is testing 64QAM MIMO and was added in Release 8.

Table 2. Summary of existing MIMO HS-PDSCH demodulation performance testcases
	Test case
	Base test case [1]
	Channel 
	Release

	TC1
	Test 1 in Table 9.22E2
	PA3
	Rel. 7

	TC2
	Test 2 in Table 9.22E2
	VA3
	Rel. 7

	TC3
	Test 3 in Table 9.22E2
	PA3
	Rel. 7

	TC4
	Test 4 in Table 9.22E2
	VA3
	Rel. 7

	TC5
	Test 1 in Table 9.22F2
	PA3
	Rel. 8


In [4], it was suggested to use the assumption of the following power settings for the pilot channels:
· P-CPICH Ec/Ior = -10dB 

· S-CPICH Ec/Ior = -13dB 

In [3], initial simulation results were presented, showing that the difference in throughput when using P-CPICH compared to using P/S-CPICH was marginal. It was argued that there might be a possibility to re-use existing requirement numbers when creating new test-cases with P/S-CPICH configuration. The results provided in [3] were derived for the case of not using  PCI restriction. Table 3 shows new simulation results, using the P/S-CPICH Ec/Ior levels as proposed in [4], with PCI restriction enabled. As can be seen from the results in Table 3, there is a slight degradation due to the precoding restriction for TC3 and TC4. The final throughput numbers might thus need to be lowered slightly for these test-cases.
Table 3. Relative performance for a setup using P-CPICH and S-CPICH compared to a reference case using P-CPICH at Ec/Ior -10 dB from both antennas (aka antenna pattern 2), without PCI restriction applied. A relative performance lower than 100% means that there is a need to relax the existing requirement numbers.
	Test case
	Relative Performance  



	
	

	
	 

	
	 

	TC1
	101,99%

	TC2
	103,04%

	TC3
	94,63%

	TC4
	95,98%

	TC5
	101,44%


4 Discussion on HS-PDSCH MIMO only with single stream restriction test-cases

Table 4 summarizes the test-case related to TxAA extension that were added in Release 9. Simulation results for the test-cases are shown in Table 5. Similarly to the results for single stream MIMO, a slight performance degradation for due to the PCI restriction is observed and will need to be taken into account when deriving requirement numbers.
.

Table 4. Summary of existing TxAA Extension HS-PDSCH demodulation performance testcases
	Test case
	Base test case [1]
	Channel 
	Release

	TC6
	Test 1 in Table 9.22G2
	PA3
	Rel. 9

	TC7
	Test 2 in Table 9.22G2
	VA3
	Rel. 9

	TC8
	Test 1 in Table 9.22G3
	PA3
	Rel. 9

	TC9
	Test 2 in Table 9.22G3
	VA3
	Rel. 9

	TC10
	Test 1 in Table 9.22H2
	PA3
	Rel. 9

	TC11
	Test 2 in Table 9.22H2
	VA3
	Rel. 9

	TC12
	Test 1 in Table 9.22H3
	PA3
	Rel. 9

	TC13
	Test 2 in Table 9.22H3
	VA3
	Rel. 9


Table 5. Relative performance for a setup using P-CPICH and S-CPICH compared to a reference case using P-CPICH at Ec/Ior -10 dB from both antennas (aka antenna pattern 2), without PCI restriction applied. A relative performance lower than 100% means that there is a need to relax the existing requirement numbers.

	Test case
	Relative Performance  

	
	

	
	

	
	

	TC6
	94,93%

	TC7
	96,84%

	TC8
	95,86%

	TC9
	98,10%

	TC10
	94,06%

	TC11
	98,58%

	TC12
	96,13%

	TC13
	96,08%


5 Discussion on HS-SCCH detection performance requirements

In [4], it was argued that HS-SCCH performance test-cases should be developed both for the case of STTD as well as for the case of non-transmit diversity. Table 6 summarizes the test-cases that exist in [1] today. Table 7 presents simulation results for HS-SCCH with P-CPICH/S-CPICH using STTD. For the case of HS-SCCH performance in non-STTD mode, it is suggested that the existing requirements are  re-used.
Table 6. Summary of existing MIMO(Type 3) HS-SCCH demodulation performance testcases. 

	Test case
	Base test case [1]
	Channel 
	Release

	TC1
	Test 1 in Table 9.56
	PA3
	Rel. 7

	TC2
	Test 2 in Table 9.56
	VA3
	Rel. 7

	TC3
	Test 3 in Table 9.57
	PA3
	Rel. 7

	TC4
	Test 4 in Table 9.57
	VA3
	Rel. 7


Table 7. Relative difference in required HS-SCCH Ec/Ior for a target HS-SCCH detection error rate of 1%. Results compare using P-CPICH from both antennas with using P-CPICH and S-CPICH with different power difference configured. A higher value means that  a relaxation would be needed. STTD was applied in the simulation.
	Test case
	P-CPICH from
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	both antennas
	

	
	 
	

	
	 
	0
	-1
	-2
	-3
	-4
	-5
	-6

	TC1
	0
	0
	0,07
	0,18
	0,25
	0,41
	0,5
	0,69

	TC2
	0
	-0,14
	-0,04
	-0,01
	0,13
	0,26
	0,39
	0,56

	TC3
	0
	0,02
	0,1
	0,16
	0,31
	0,42
	0,58
	0,77

	TC4
	0
	-0,19
	0,02
	0,08
	0,28
	0,38
	0,52
	0,72


As can be seen from the results, new requirements can be derived from existing requirements, with an allowed test-case dependent margin of 0.2-0.4 dB (for the case of an imbalance of -3 dB). In case the same requirement level setup of P-CPICH Ec/Ior = -10dB and S-CPICH Ec/Ior = -13 dB is to be adopted a few further simulations need to be run.
6 Discussion on HS-SCCH MIMO only with single stream restriction detection performance requirements

In [4], it was argued that HS-SCCH performance test-cases should be developed both for the case of MIMO as well as for the case of MIMO only with single stream restriction. Table 9 summarizes the test-cases that exist in [1] today. Table 10 presents simulation results for HS-SCCH detection using P-CPICH and S-CPICH for the case of no transmit diversity. For the case of HS-SCCH performance in non-STTD mode, it is suggested that the existing requirements are  re-used.
Table 9. Summary of existing MIMO(Type 3) HS-SCCH demodulation performance testcases. 

	Test case
	Base test case [1]
	Channel 
	Release

	TC5
	Test 1 in Table 9.57A2
	PA3
	Rel. 9

	TC6
	Test 2 in Table 9.57A2
	VA3
	Rel. 9

	TC7
	Test 3 in Table 9.57A3
	PA3
	Rel. 9

	TC8
	Test 4 in Table 9.57A3
	VA3
	Rel. 9


Table 10. Relative HS-SCCH detection error rate difference for using P-CPICH from both antennas compared to using P-CPICH and S-CPICH with different power difference configured, STTD. 
	Test case
	P-CPICH from
	P/S-CPICH
(P-CPICH Ec/Ior = -13dB 
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	both antennas
	

	
	 
	

	
	 
	0
	-1
	-2
	-3
	-4
	-5
	-6

	TC5
	0
	0,24
	0,42
	0,79
	0,71
	0,93
	0,92
	2,1

	TC6
	0
	-0,04
	0,1
	0,21
	0,44
	0,6
	0,9
	1,15

	TC7
	0
	0
	0,07
	0,18
	0,25
	0,41
	0,5
	0,69

	TC8
	0
	-0,14
	-0,04
	-0,01
	0,13
	0,26
	0,39
	0,56


As can be seen from the results, new requirements can be derived from existing requirements, with an allowed test-case dependent margin of 0.2-0.8 dB (for the case of an imbalance of -3 dB). In case the same requirement level setup of P-CPICH Ec/Ior = -10dB and S-CPICH Ec/Ior = -13 dB is to be adopted a few further simulations need to be run.
7 Conclusions
Comments and further results have been provided for the sake of progressing the work-item on MIMO testing for HSDPA. The following proposals have been mentioned in the document:

Proposal  1: Re-use existing requirement numbers for HS-SCCH non-STTD.

Proposal  2: Create new HSDPA/HS-SCCH throughput requirements based on existing numbers, by adding test-case dependent margins as outlined in the document.

Proposal 3: Omit common pre-coder, but enable PCI restriction in the test requirement setups.
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