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1 Introduction
In RAN4#50bis the impact of MIMO for 1.28Mcps TDD was discussed in [1].  In this contribution we present the simulation assumptions and results of HS-DSCH demodulation performance. 

2 Simulation Assumptions

2.1 Test setup
Only one transmit antenna was used for single stream transmission and 2*2 PARC scheme was used to test dual-stream transmission. The test setups were illustrated in Figure 1 and Figure 2 similar to LTE in [2].
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Figure 1: SIMO Test setup
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Figure 2: MIMO Test setup
In simulations:  
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The propagation condition is fully uncorrelated fading channels. The effect of Tx EVM was also analysed in some 64QAM scenario but in general they are set to 0%. 
2.2 New UE Categories

There are a total of 6 new HS-DSCH physical layer categories were introduced in [3] for 1.28Mcps TDD MIMO and were listed in Table 1 , simulations will be done for each one of them. It should be noted that when category 25-27 are configured into non-MIMO mode, the will be tested as other categories.
Table 1: New categories introduced for 1.28Mcps MIMO capable UE
	HS-DSCH category
	Maximum number of HS-DSCH codes per timeslot
	Maximum number of HS-DSCH timeslots per TTI
	Maximum number of HS-DSCH transport channel bits that can be received within an HS-DSCH TTI
	Total number of soft channel bits
	Supported modulations without MIMO operation
	Supported modulations simultaneous with MIMO operation

	…(omitted)…

	Category 25
NOTE 1
	16
	3
	12636
	152064
	QPSK,16QAM,
64QAM
	--

	
	
	
	8416
	202752
	--
	QPSK,16QAM

	Category 26
NOTE 2
	16
	4
	16856
	202752
	QPSK,16QAM,
64QAM
	--

	
	
	
	11226
	270336
	--
	QPSK,16QAM

	Category 27
NOTE 3
	16
	5
	21076
	253440
	QPSK,16QAM,
64QAM
	--

	
	
	
	14043
	337920
	--
	QPSK,16QAM

	Category 28
	16
	3
	12636
	304128
	QPSK,16QAM,
64QAM
	QPSK,16QAM,
64QAM

	Category 29
	16
	4
	16856
	405504
	
	

	Category 30
	16
	5
	21076
	506880
	
	


2.3 Assumptions

2.3.1 General Simulation Assumptions

The General simulation parameters are listed in Table 2. They are basically the same to previously used in [4] and [5] with some modifications.

Table 2: General simulation parameters
	Parameter


	Assumption

	Carrier Frequency
	2 GHz

	Chip rate
	1.28 Mcps

	RX AGC
	OFF

	Transmit antenna
	1 antenna per stream

	Numerical precision
	Floating point simulation

	Fast fading model 
	Jakes spectrum

	Oversampling 
	4

	Channel ray mapping
	shifted to nearest multiple of the sampling rate

	RRC Pulse shaping filter 
	Yes

	Receiver 
	MMSE JD receiver

	Number of UE antennas
	2 

	Channel estimation
	Realistic

	Midamble
	Single Stream: Default midamble
Dual Stream: Special Default midamble 

	Channel coding
	As specified in RAN1 specifications. 

	Number HS-DSCH transport channels
	1

	Tails bits 
	6 per RSC encoder

	Turbo decoding 
	MaxLogMap – 4 iterations

	Input to turbo decoder
	Soft

	First rate matching stage
	as specified in TS25.222

	Second rate matching stage
	as specified in TS25.222

	Max number of transmissions per H-ARQ process
	4

	HARQ bit collection, Interleaving and physical channel segmentation 
	As specified in RAN1 specifications.

	Propagation model
	Pedestrian A at 3 km/h (PA3) 
Fully uncorrelated fading between receiver branches.

	HS-DSCH packet loss probability due to HS-SCCH 
	0%. HS-SCCH is not simulated. 

	HS-SICH channel
	Error free reception of ACK/NACK report. Not simulated

	CQI report
	Not used.

	HARQ process
	ON but fixed transport block size, fixed modulation scheme

	Redundancy and constellation version coding
	QPSK:{0,0,0,0};  16QAM:{6,2,1,5}

64QAM: {6,5,4,0} 


2.3.2 Redundancy and constellation version coding
The following sequences for the RV sequence are proposed 

The sequence Xrv={0,0,0,0} is proposed for QPSK. The following table gives the corresponding values for the HARQ parameter s and r.

Table 3: RV coding for QPSK
	Transmission number
	Xrv
	s
	r

	First to fourth 
	0
	1
	0


The sequence Xrv={6, 2, 1, 5} is proposed for 16QAM. The following table gives the corresponding values for the HARQ parameter s and r and for the constellation version parameter b.
Table 4: RV coding for 16QAM
	Transmission number
	Xrv
	s
	r
	b

	1
	6
	1
	0
	3

	2
	2
	1
	1
	1

	3
	1
	0
	0
	0

	4
	5
	1
	0
	2


The sequence Xrv={6, 5, 4, 0} is proposed for 64QAM. The following table gives the corresponding values for the HARQ parameter s and r and for the constellation version parameter b.
Table 5: RV coding for 64QAM
	Transmission number
	Xrv
	s
	r
	b

	1
	6
	1
	0
	3

	2
	5
	1
	0
	2

	3
	4
	1
	0
	1

	4
	0
	1
	0
	0


2.4 Fixed Reference Channels
For 1.28Mcps TDD the stream number used by UE will be decided by NodeB. The demodulation performance will be tested in fixed dual stream mode and fixed single stream mode. Since the signal quality will be statistically the same, it is proposed that the two streams in the FRC have the same modulation scheme. The transport blocks in each stream is the same to non-MIMO UE categories with the exception of octet aligned since MAC-ehs is used. The TB size can be found in [6] and [7].

The FRCs currently defined are based on SF=16. However, for implementation simplicity, it has been agreed that UEs are allowed to only support SF=1 in MIMO dual stream transmission and a physical channel parameter “Support of SF Mode For HS-PDSCH dual stream” has been added to TS 25.306 according to [8]. In order to avoid duplicate FRCs for this type of UE, all the resources were allocated in a time slot, ensuring this type of UE can also be tested simply by changing “HS-PDSCH codes per TS” and “spreading factor” to 1 and the same requirements can be applied since the performance should not be worse.
In single stream transmission, only the first stream was transmitted using one antenna. The detailed FRCs for every category are listed in Annex.

3
Simulation Results
In this section the simulation results and proposed requirements were presented.
3.1 Category 25
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Figure 3: Simulation Results for Category 25 UE

Table 6: Proposed Performance requirements for category 25 UE
	Modulation
	Stream Number
	Propagation Model
	Ior_hat/Ioc (dB)
	Implementation Margin (dB)
	Throughput (kbps)

	QPSK
	Single
	PA3
	6
	4
	160

	
	Dual
	PA3
	10
	4
	390

	16QAM
	Single
	PA3
	12
	4
	370

	
	Dual
	PA3
	16
	4
	860


3.2 Category 26
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Figure 4: Simulation Results for Category 26 UE
Table 7: Proposed Performance requirements for category 26 UE
	Modulation
	Stream Number
	Propagation Model
	Ior_hat/Ioc (dB)
	Implementation Margin (dB)
	Throughput (kbps)

	QPSK
	Single
	PA3
	6
	4
	220

	
	Dual
	PA3
	10
	4
	650

	16QAM
	Single
	PA3
	12
	4
	380

	
	Dual
	PA3
	16
	4
	950


3.3 Category 27
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Figure 5: Simulation Results for Category 27 UE
Table 8: Proposed Performance requirements for category 27 UE
	Modulation
	Stream Number
	Propagation Model
	Ior_hat/Ioc (dB)
	Implementation Margin (dB)
	Throughput (kbps)

	QPSK
	Single
	PA3
	6
	4
	280

	
	Dual
	PA3
	10
	4
	850

	16QAM
	Single
	PA3
	12
	4
	500

	
	Dual
	PA3
	16
	4
	1200


3.4 Category 28
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Figure 6: Simulation Results for Category 28 UE
Table 9: Proposed Performance requirements for category 28 UE
	Modulation
	Stream Number
	Propagation Model
	Ior_hat/Ioc (dB)
	Implementation Margin (dB)
	Throughput (kbps)

	64QAM
	Single
	PA3
	18
	4
	540

	
	Dual
	PA3
	20
	4
	800


3.5 Category 29
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Figure 7: Simulation Results for Category 29 UE
Table 10: Proposed Performance requirements for category 29 UE
	Modulation
	Stream Number
	Propagation Model
	Ior_hat/Ioc (dB)
	Implementation Margin (dB)
	Throughput (kbps)

	64QAM
	Single
	PA3
	18
	4
	780

	
	Dual
	PA3
	20
	4
	1200


3.6 Category 30
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Figure 8: Simulation Results for Category 30 UE
Table 11: Proposed Performance requirements for category 30 UE
	Modulation
	Stream Number
	Propagation Model
	Ior_hat/Ioc (dB)
	Implementation Margin (dB)
	Throughput (kbps)

	64QAM
	Single
	PA3
	18
	4
	1000

	
	Dual
	PA3
	20
	4
	1570


4
Conclusion
This document presents simulation assumptions and results for HS-DSCH demodulation performance for 1.28Mcps TDD MIMO capable UE. It is proposed to define the requirements based on the results and proposals in this contribution.

5
References
[1] R4-091182, Discussion on LCR TDD MIMO Performance Requirements, CATT, RAN4#50bis;
[2] R4-090188, Framework for the LTE UE demodulation requirements (revision 6), Nokia, RAN4#49bis
[3] TS 25.306 , UE Radio Access capabilities, V8.6.0
[4] R4-081273, Simulation Assumptions for 1.28Mcps TDD 64QAM DL, ZTE, Spreadtrum Communications, RAN4#47bis
[5] R4-070654, HSDPA simulation assumption and simulation results for fixed reference channel-1.28 Mcps TDD option, CATT, RAN4#43
[6] R2-092382, Correction to TBS tables for Improved L2 for 1.28Mcps TDD, CATT, ZTE, RAN2#65bis
[7] R2-093054, Correction to TBS tables of Improved L2 for 1.28 Mcps TDD, CATT, ZTE, RAN2#65bis
R2-091871, Introduction of MIMO for 1.28Mcps TDD (25.306 CR), RAN2#65;

Annex Fixed Reference Channels
1. Category 25

The transport block size in individual stream is from category [7, 9] (octet aligned).
QPSK

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	QPSK
	QPSK

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	1.0976

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	564.8
	532.8

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image11.wmf]INF

N

)
	Bits
	2824
	2664

	Number Code Blocks
	Blocks
	1
	1

	Total Available of Soft Channel bits  in UE
	Bits
	202752

	Number of Soft Channel bit per HARQ Proc.
	Bits
	25344
	25344

	Number of coded bits per TTI
	Bits
	4224
	4224

	Coding Rate
	-
	0.6697
	0.6323

	Number of HS-DSCH Timeslots
	Slots
	3
	3

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1. 


16QAM：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	16QAM
	16QAM

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	1.8416

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	947.2
	894.4

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image12.wmf]INF

N

)
	Bits
	4736
	4472

	Number Code Blocks
	Blocks
	1
	1

	Total Available of Soft Channel bits  in UE
	Bits
	202752

	Number of Soft Channel bit per HARQ Proc.
	Bits
	25344
	25344

	Number of coded bits per TTI
	Bits
	8448
	8448

	Coding Rate
	-
	0.561
	0.529

	Number of HS-DSCH Timeslots
	Slots
	3
	3

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.


2. Category26

The transport block size in individual stream is from category [10, 12] (octet aligned).
QPSK：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	QPSK
	QPSK

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	1.5152

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	780.8
	734.4

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image13.wmf]INF
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)
	Bits
	3904
	3672

	Number Code Blocks
	Blocks
	1
	1

	Total Available of Soft Channel bits  in UE
	Bits
	270336

	Number of Soft Channel bit per HARQ Proc.
	Bits
	33792
	33792

	Number of coded bits per TTI
	Bits
	5632
	5632

	Coding Rate
	-
	0.693
	0.652

	Number of HS-DSCH Timeslots
	Slots
	4
	4

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.


16QAM：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	16QAM
	16QAM

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	2.8192

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	1452.8
	1366.4

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image14.wmf]INF

N

)
	Bits
	7264
	6832

	Number Code Blocks
	Blocks
	2
	2

	Total Available of Soft Channel bits  in UE
	Bits
	270336

	Number of Soft Channel bit per HARQ Proc.
	Bits
	33792
	33792

	Number of coded bits per TTI
	Bits
	11264
	11264

	Coding Rate
	-
	0.645
	0.607

	Number of HS-DSCH Timeslots
	Slots
	4
	4

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.


3. Category27

The transport block size in individual stream is from category [13, 15] (octet aligned).
QPSK：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	QPSK
	QPSK

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	1.7808

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	920
	860.8

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image15.wmf]INF

N

)
	Bits
	4600
	4304

	Number Code Blocks
	Blocks
	1
	1

	Total Available of Soft Channel bits  in UE
	Bits
	337920

	Number of Soft Channel bit per HARQ Proc.
	Bits
	42240
	42240

	Number of coded bits per TTI
	Bits
	7040
	7040

	Coding Rate
	-
	0.653
	0.611

	Number of HS-DSCH Timeslots
	Slots
	5
	5

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.


16QAM：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	16QAM
	16QAM

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	3.4336

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	1772.8
	1660.8

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image16.wmf]INF

N

)
	Bits
	8864
	8304

	Number Code Blocks
	Blocks
	2
	2

	Total Available of Soft Channel bits  in UE
	Bits
	337920

	Number of Soft Channel bit per HARQ Proc.
	Bits
	42240
	42240

	Number of coded bits per TTI
	Bits
	14080
	14080

	Coding Rate
	-
	0.630
	0.590

	Number of HS-DSCH Timeslots
	Slots
	5
	5

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.


4. Category28

The transport block size in individual stream is from category [16, 18] (octet aligned).
64QAM：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	64QAM
	64QAM

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	3.128

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	1614.4
	1513.6

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image17.wmf]INF

N

)
	Bits
	8072
	7568

	Number Code Blocks
	Blocks
	2
	2

	Total Available of Soft Channel bits  in UE
	Bits
	304128

	Number of Soft Channel bit per HARQ Proc.
	Bits
	38016
	38016

	Number of coded bits per TTI
	Bits
	12672
	12672

	Coding Rate
	-
	0.637
	0.597

	Number of HS-DSCH Timeslots
	Slots
	3
	3

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.


5. Category29

The transport block size in individual stream is from category [19, 21] (octet aligned).
64QAM：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	64QAM
	64QAM

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	4.032

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	2084.8
	1947.2

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image18.wmf]INF

N

)
	Bits
	10424
	9736

	Number Code Blocks
	Blocks
	3
	2

	Total Available of Soft Channel bits  in UE
	Bits
	405504

	Number of Soft Channel bit per HARQ Proc.
	Bits
	50688
	50688

	Number of coded bits per TTI
	Bits
	16896
	16896

	Coding Rate
	-
	0.617
	0.576

	Number of HS-DSCH Timeslots
	Slots
	4
	4

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.


6. Category30

The transport block size in individual stream is from category [22, 24] (octet aligned).
64QAM：

	Parameter
	Unit
	Value

	Stream
	
	1st stream
	2nd stream

	Modulation
	-
	64QAM
	64QAM

	Combined Nominal Avg. Inf. Bit Rate
	Mbps
	4.9072

	Nominal Avg. Inf. Bit Rate per stream
	kbps
	2542.4
	2364.8

	Number of HARQ Processes
	Processes
	4
	4

	Information Bit Payload (
[image: image19.wmf]INF

N

)
	Bits
	12712
	11824

	Number Code Blocks
	Blocks
	3
	3

	Total Available of Soft Channel bits  in UE
	Bits
	506880

	Number of Soft Channel bit per HARQ Proc.
	Bits
	63360
	63360

	Number of coded bits per TTI
	Bits
	21120
	21120

	Coding Rate
	-
	0.602
	0.560

	Number of HS-DSCH Timeslots
	Slots
	5
	5

	Number of HS-PDSCH codes per TS
	Codes
	 16
	16

	Spreading factor
	SF
	 16
	16

	Note: For UE support SF=1 only in dual stream transmission, both the number of HS-PDSCH codes per TS and spreading factor in the FRC should be changed to 1.
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