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1 Introduction

In previous meeting document [1] provided initial simulation results based on the previously agreed setting. This document provides additional results taking into account the comments provided by other companies with the aim of defining performance requirements for HS-PDSCH. Document [2] provides the corresponding CR.
2 Reference receiver

The results are provided by considering a 4X4MMSE receiver. 
3 PDSCH Demodulation
The table of the common channels set up can be updated as follows.
Table 1. Channel set up, Table C.12F
	P-CPICH (antenna 1)
	P-CPICH_Ec/Ior
	-10dB
	Phase reference

	S-CPICH (antenna 2)
	S-CPICH Ec/Ior
	-13dB
	Phase reference

	S-CPICH (antenna 3)
	S-CPICH Ec/Ior
	-19dB
	Phase reference

	S-CPICH (antenna 4)
	S-CPICH Ec/Ior
	-19dB
	Phase reference

	P-CCPCH
	P-CCPCH_Ec/Ior
	-12dB
	

	SCH
	SCH_Ec/Ior
	-12dB
	

	PICH
	PICH_Ec/Ior
	-15dB
	

	DPCH
	DPCH_Ec/Ior
	Test-specific
	

	HS-SCCH-1
	HS-SCCH_Ec/Ior
	Test-specific
	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
	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
	No signalling scheduled, or power radiated, on this HS-SCCH, but signalled to the UE as present in HSDPA configuration.

	HS-PDSCH
	HS-PDSCH_Ec/Ior
	Test-specific
	Precoding used.

	OCNS
	
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one
	1. Balance of power 
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 of the Node-B is assigned to OCNS.

2. OCNS interference consists of a number of dedicated data channels as specified in Table C.13B (see CR in [2]). 

3. OCNS transmitted only on antenna 1.

	Note 1:
Transmit diversity (STTD or TSTD) is disabled on the associated physical channels (P-CPICH, PICH, SCH, HS-SCCH, DPCH).


In RAN 4 66 the introduction of the following tests was in principle agreed: 

Test A: 4X4MIMO capable receiver with rank adaptation up to 4 layers with combination of 16QAM and QPSK with PA3 and VA3.

Test B: 4X4MIMO capable receiver with up to rank 2 transmission with combination of 16QAM and QPSK with PA3 and VA3. 

Test C: 4X4MIMO capable receiver with rank adaptation up to 4 layers with combination of 64QAM and 16QAM with PA3 and VA3.

Test D: 4X4MIMO capable receiver with up to rank 2 transmission with combination of 64QAM and 16QAM with PA3 and VA3. 

Test E: 4X4 MIMO with dual stream restriction and type 3 receiver with H-set 9/H-set111 with rank adaptation up to rank 2 with PA3 and VA3. 
By following the handling of MIMO performance we propose to define the tests always for PA3 and to limit the VA3 channel profile to H-sets based on combinations of 16QAM and QPSK. Hence the list of tests is defined as follow:

Test 1-2: 4X4MIMO capable receiver with rank adaptation up to 4 layers with combination of 16QAM and QPSK with PA3 and VA3.

Test 3-4: 4X4MIMO capable receiver with up to rank 2 transmission with combination of 16QAM and QPSK with PA3 and VA3. 

Test 5: 4X4MIMO capable receiver with rank adaptation up to 4 layers with combination of 64QAM and 16QAM with PA3.

Test 6: 4X4MIMO capable receiver with up to rank 2 transmission with combination of 64QAM and 16QAM with PA3. 

Test 7-9: 4X4 MIMO with dual stream restriction and type 3 receiver with H-set 9/H-set111 with rank adaptation up to rank 2 with PA3 and VA3 (only for H-set 9).
The requirements will be derived for single carrier and then scaled depending on the category (cat 37 scaled and cat 38 scaled by 4).

Only 2 CQIs are fed-back by the UE (type A CQI is valid for all the ranks while type B CQI is used only in association with rank 1). These two CQI correspond to maximum 2 independent HARQ processes. The PCI index corresponding to the best precoder is also fed back by the UE. Additionally for 4X4MIMO an explicit number of transport blocks preferred (NTBP) is signaled by the UE to indicate the maximum preferred amount of layers.  
It should be noted that these results are ideal.
4x4 MIMO demodulation, test 1-6
The transmission characteristics can be considered as follows:
Table 2. Test definition for Tests 1-6
	Parameter
	Unit
	Rank adaptation (up to rank= 4) 
	Rank adaptation (up to 2) 
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	dBm/3.84 MHz
	-60

	DPCH frame offset 

(DPCH,n)
	Chip
	0

	Redundancy and constellation version coding sequence
	
	{0,3,2,1} 

	Maximum number of HARQ transmission
	
	4

	MIMO N_cqi_typeA/M_cqi ratio
	
	1/1
	1/1

	RI/PCI/CQI reporting Error Rate
	%
	0

	Number of transport blocks
	
	Up to 4
	Up to 2


The assumption is that the UE is equipped with a 4X4MIMO capable receiver. The power levels used throughout the paper are defined in Table 3.
Table 3. Power level with NO D-CPICH.

	Test
	 dB

	P-CPICH
	-10

	P-CCPCH/SCH
	-12

	PICH
	-15

	DPCH
	-13.1 

	HS-SCCH
	-19

	HS-PDSCH
	-1.9

	S-CPICH antenna 2
	-13dB

	S-CPICH antenna 3
	-19dB

	S-CPICH antenna 4
	-19dB

	D-CPICH antenna 3
	NONE 

	D-CPICH antenna 4
	NONE 


16QAM/QPSK FRC combination- Test 1-4
The following tables provide parameters for the combination in which up to 2 TBs are modulated based on 16QAM and up to two TBs are using QPSK.
Table 4. FRC for 16QAM&QPSK configuration
	Parameter
	Unit
	Value

	Transport block
	
	First
	Second
	Third
	Fourth

	Nominal Avg. Inf. Bit Rate
	kbps
	8784
	4868
	4868
	8784

	Inter-TTI Distance
	TTI’s
	1
	1
	1
	1

	Number of HARQ Processes
	Processes
	6
	6
	6
	6

	Information Bit Payload (
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)
	Bits
	
17568
	9736
	9736
	
17568

	Number Code Blocks
	Blocks
	4
	2
	2
	4

	Binary Channel Bits Per TTI
	Bits
	28800
	14400
	14400
	28800

	Total available SML’s in UE
	Bits
	691200

	Number of SML’s per HARQ Proc.
	SML’s
	28800
	28800
	28800
	28800

	Coding Rate
	
	0.61
	0.68
	0.68
	0.61

	Number of Physical Channel Codes
	Codes
	15
	15
	15
	15

	Modulation
	
	16QAM
	QPSK
	QPSK
	16QAM


Figure 1-2 shows the performance results in case of rank adaptation, with follow precoding, with S-CPICH2, 3 = -19 and without D-CPICH.  Rank adaptation is up to 4 for PA3 and VA3 (Test 1 and Test 2). Figure 3 and 4 show the results for rank adaptation up to 2.
In table 5 we provide results for the case when the FRC is as in Table 4 for certain Ior/Ioc.

The results in the figure do not consider any implementation margin.
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Figure 1. S-CPICH2, 3 = -19 and no D-CPICH, PA3 Test 1, RI up to 4.
[image: image5.png]sdapy un nduBnony )

Geometry in dB




Figure 2. S-CPICH2, 3 = -19 and no D-CPICH, VA3, Test 2, RI up to 4.
Figures 3-4 shows the same plots for rank adaptation up to 2, Test 3 and Test 4 with the FRC as mentioned in the table.
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Figure 3. S-CPICH2, 3 = -19 and no D-CPICH, PA3 Test 3, RI up to 2.
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Figure 4. S-CPICH2, 3 = -19 and no D-CPICH, VA3 Test 4, RI up to 2.
Table 5. Results at certain Ior/Ioc.
	Test Number
	Propagation Conditions
	 Reference value
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 = -1.9 dB

	1
	PA3
	15
	[16000]

	2
	VA3
	12
	[8500]

	3
	PA3
	8
	[8000]

	4
	VA3
	10
	[6500]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 13A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 13C the reference values for R should be scaled (multiplied by 4).


While for VA3 the DPCH error probability at Ior/Ioc=-8 and DPCH Ec/Ior=-13dB is sufficiently low, for PA3 the error probability at this condition is ~1% which may affect the HS-PDSCH performance.

Two options are proposed.

Option 1. Not to define PA3 requirement with rank up to 2 (test 3)

Option 2. Use instead the following power level setting.

Table 3BIS. Power level with NO D-CPICH.

	Test
	 dB

	P-CPICH
	-10

	P-CCPCH/SCH
	-12

	PICH
	-15

	DPCH
	-10 

	HS-SCCH
	-19

	HS-PDSCH
	-2.26

	S-CPICH antenna 2
	-13dB

	S-CPICH antenna 3
	-19dB

	S-CPICH antenna 4
	-19dB

	D-CPICH antenna 3
	NONE 

	D-CPICH antenna 4
	NONE 


The performance results for test 3 are provided in Figure 3bis.
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Figure 3BIS. S-CPICH2, 3 = -19 and no D-CPICH, PA3 Test 3, RI up to 2.
It is proposed to follow option 2. The proposal of the requirement is as follows:
Table 5bis. Results at certain Ior/Ioc.

	Test Number
	Propagation Conditions
	 Reference value
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	3
	PA3
	8
	[7000]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 13A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 13C the reference values for R should be scaled (multiplied by 4).


64QAM/16QAM FRC combination: Test 5-6
The following table provides parameters for the combination in which up to 2 TBs are modulated based on 64QAM and up to two TBs are using 16QAM.
Table 6 FRC for 64QAM stream in 64QAM&16QAM configuration, considering single and dual layer mapping
	Parameter
	Unit
	Value

	Transport block
	
	First
	Second
	Third
	Fourth

	Nominal Avg. Inf. Bit Rate
	kbps
	13300
	8774
	8774
	13300

	Inter-TTI Distance
	TTI’s
	1
	1
	1
	1

	Number of HARQ Processes
	Processes
	6
	6
	6
	6

	Information Bit Payload (
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)
	Bits
	26504
	17568
	17568
	26504

	Number Code Blocks
	Blocks
	6
	6
	6
	6 

	Binary Channel Bits Per TTI
	Bits
	43200
	28800
	28800
	43200

	Number of SML’s per HARQ Proc.
	SML’s
	43200
	43200
	43200
	43200

	Total available SML’s in UE
	Bits
	1036800

	Coding Rate
	
	0.61
	0.6
	0.6
	0.61

	Number of Physical Channel Codes
	Codes
	15
	15
	15
	15

	Modulation
	
	64QAM
	16QAM
	16QAM
	64QAM


Figure 5 shows the performance results in case of rank adaptation, with follow precoding, with S-CPICH2, 3 = -19 and without D-CPICH.  Rank adaptation is up to 4 for PA3 (Test 5). Figure 6 provides the same results for rank adaptation equal to 2 (Test 6).
In table 7 we provide results for the case when the FRC is as in Table 6  for special Ior/Ioc levels.  
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Figure 5. S-CPICH2, 3 = -19 and no D-CPICH, PA3 Test 5, RI up to 4.
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Figure 6. S-CPICH2, 3 = -19 and no D-CPICH, PA3 Test 7, RI up to 2, FRC as in table 5.
Table 7. Results for certain Ior/Ioc
	Test Number
	Propagation Conditions
	 Reference value
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	5
	PA3
	18
	[17500]

	6
	PA3
	15
	[13500]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 14A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 14C the reference values for R should be scaled (multiplied by 4).


4 Test 7-9: 4 branch MIMO with dual streams restriction

In RAN 2 it has been agreed to introduce a new IE which can be used by the UE to indicate the support of 4X4MIMO with dual stream restriction only. The usage is similar to the single stream restriction IE used in legacy MIMO case.
The following tests will be introduced:
Test 7: 4X4 MIMO with dual stream restriction and type 3 receiver with H-set 9 with rank adaptation up to rank 2 with PA3.

Test 8: 4X4 MIMO with dual stream restriction and type 3 receiver with H-set 9 with rank adaptation up to rank 2 with VA3.

Test 9: 4X4 MIMO with dual stream restriction and type 3 receiver with H-set 11 with rank adaptation up to rank 2 with PA3.
The channel set up is defined in table 1. The test definition is as shown in Table 8 and the power levels are defined in Table 3.
Table 8. Test set up 

	Parameter
	Unit
	Test xx
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	dBm/3.84 MHz
	-60

	DPCH frame offset 

(DPCH,n)
	Chip
	0

	Redundancy and constellation version coding sequence
	
	{0,3,2,1} for 16QAM and QPSK  for H-set 9 and

{0,3,2,1} for 64QAM and 16QAM  for H-set 9

	Maximum number of HARQ transmission
	
	4

	MIMO N_cqi_typeA/M_cqi ratio
	
	1/1

	PCI/CQI reporting Error Rate
	%
	0

	Number of transport blocks
	
	Up to 2

	Modulation
	
	Primary Transport Block: 16QAM or 64QAM
Secondary Transport Block: QPSK or 16QAM.


The figures 7-9 show the performance in terms of throughput for the 3 tests mentioned above.

[image: image22.png]sdapy un nduBnony )

Geometry in dB




Figure 7. H-set 9, S-CPICH2, 3 = -19 and no D-CPICH, Test 7 RI up to 2, PA3.
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Figure 8. H-set 9, S-CPICH2, 3 = -19 and no D-CPICH, Test 8 RI up to 2, VA3.
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Figure 9. H-set 11, S-CPICH2, 3 = -19 and no D-CPICH, Test 9 RI up to 2, PA3.
Table 9 provides the detailed results for certain geometry levels.
	Test Number
	Propagation Conditions
	 Reference value
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	7
	PA3
	12
	[8000]

	8
	VA3
	10
	[3000]

	9
	PA3
	18
	[12500]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 9A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 9C the reference values for R should be scaled (multiplied by 4).


5 Conclusions

The paper provides the analysis for HS-PDSCH requirements for 4X4MIMO for the 4X4 MIMO test cases and proposes the following requirements.

For 4X4 MIMO

	Test Number
	Propagation Conditions
	 Reference value
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	1
	PA3
	15
	[16000]

	2
	VA3
	12
	[8500]

	4
	VA3
	10
	[6500]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 13A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 13C the reference values for R should be scaled (multiplied by 4).


	Test Number
	Propagation Conditions
	 Reference value
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	3
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	8
	[7000]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 13A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 13C the reference values for R should be scaled (multiplied by 4).


	Test Number
	Propagation Conditions
	 Reference value
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	5
	PA3
	18
	[17500]

	6
	PA3
	15
	[14000]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 14A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 14C the reference values for R should be scaled (multiplied by 4).


For 4X4 MIMO with dual stream restriction
	Test Number
	Propagation Conditions
	 Reference value
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	7
	PA3
	12
	[8000]

	8
	VA3
	10
	[3000]

	9
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	18
	[12500]

	* Notes:
1) For Fixed Reference Channel (FRC) H-Set 9A the reference values for R should be scaled (multiplied by 2).


2) For Fixed Reference Channel (FRC) H-Set 9C the reference values for R should be scaled (multiplied by 4).
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