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1. Introduction
This document contains an up-to-date description of the LTE UE demodulation requirement framework. The scenarios are based on contributions from individual companies (given in references) and are eventually intended to be incorporated into the Section 8 of TS 36.101.
The modifications relative to revision 5 ‎[12] are listed in the following:
· The assumptions for the reference receiver design, SNR, and PHICH power allocation are added to Annex F by NEC (including a correction proposed by NTT DoCoMo).

· A note clarifying the number of PHICH groups is added to Appendices B and C.
· The recommended simulation length for PBCH scenarios is corrected from 1000 to 10000 PBCH transmissions.

· The square brackets on PBCH payloads are removed, reflecting the RAN2 decision for MIB size (24 bits w/o CRC).

· The payload of the special subframes for 1.4 MHz TDD scenarios is clarified to be zero regardless whether it is an initial transmission or retransmission.
· Four DRS scenarios are added according to the framework proposed in ‎[18].
· Power allocation settings for the PCFICH and PHICH are added to the PDCCH scenarios, and power allocation settings for the PCFICH and PDCCH are added to the PHICH scenarios.
· The content of the non-desired (interfering) PDCCH resource elements is clarified.
· The notation for the PDSCH power allocation is updated according to the RAN1 CR R1-084692.
2. PDSCH
2.1 SIMO transmission with different channel models and MCS
The purpose of these scenarios is to verify the baseline SIMO performance with different channel models and MCS. The cases are as defined in Table 1 of ‎[1], with the exception that the 64QAM case with medium correlation is removed and one QPSK case with high speed train propagation ‎[2] is added.
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	1.1
	1x2 QPSK 1/3 10MHz
	R.2
	EVA5
	Low
	70% tp

	1.2
	1x2 QPSK 1/3 10MHz
	R.2
	ETU70
	Low
	70% tp

	1.3
	1x2 QPSK 1/3 10MHz
	R.2
	ETU300
	Low
	70% tp

	1.4
	1x2 QPSK 1/3 10MHz
	R.2
	HS-train
	Low
	70% tp

	1.5
	1x2 16QAM 1/2 10MHz
	R.3
	EVA5
	Low
	70% tp

	1.6
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp

	1.7
	1x2 16QAM 1/2 10MHz
	R.3
	ETU300
	high
	70% tp

	1.8
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	Low
	70% tp

	1.9
	1x2 64QAM 3/4 10MHz
	R.7
	ETU70
	Low
	70% tp

	1.10
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	High
	70% tp


2.2 SIMO transmission with different channel bandwidths
The purpose of these scenarios is to verify the SIMO performance at channel bandwidths other than 10 MHz. The cases are as defined in Table 2 of ‎[1].
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	2.1
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp

	2.2
	1x2 64QAM 3/4 3MHz
	R.5
	EVA5
	Low
	70% tp

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp

	2.4
	1x2 64QAM 3/4 15MHz
	R.8
	EVA5
	Low
	70% tp

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp


2.3 SIMO transmission with single PRB allocation
The purpose of these scenarios is to verify the single PRB SIMO performance at lower band edge. The cases are based on Table 3 of ‎[1] with the exception that only three selected channel bandwidths are tested. It is seen that the three channel bandwidth options would be sufficient to verify the band edge performance. Furthermore, the lower edge has been chosen as the filtering requirements are expected to be more stringent compared to the upper edge (for most bands).
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	3.1
	1x2 16QAM 1/2 3MHz 1PRB
	R.0
	ETU70
	Low
	30% tp

	3.2
	1x2 16QAM 1/2 10MHz 1PRB
	R.1
	ETU70
	Low
	30% tp

	3.3
	1x2 16QAM 1/2 20MHz 1PRB
	R.1
	ETU70
	Low
	30% tp


2.4 Single-layer transmission with channel dependent precoding
The purpose of these scenarios is to verify the closed loop rank-1 performance with wideband and frequency selective precoding. The cases 4.1 and 4.2 are based on Table 1 of ‎[3] with some modifi
cations based on reflector discussions ‎[5]. The case 5.3 is a new scenario covering 4 TX-antennas.
	Scenario
	Description
	Reference channel
	Precoding granularity
	Propagation model
	Antenna correlation
	Verification point

	4.1
	2x2 QPSK 1/3 10MHz SCW 
	R.10
	6 PRB
	EVA5
	Low
	70 % tp

	4.2
	2x2 QPSK 1/3 10MHz SCW
	R.10
	50 PRB
	EPA5
	High
	70 % tp

	4.3
	4x2 QPSK 1/3 10MHz SCW
	R.13
	6 PRB
	EVA5
	Low
	70% tp


2.5 Dual-layer transmission with channel dependent precoding

The purpose of these scenarios is to verify the closed loop rank-2 performance with wideband and frequency selective precoding. The cases 5.1 and 5.2 are based on Table 2 of ‎[3] with some modifications based on reflector discussions ‎[5].  The case 5.3 is a new scenario covering 4 TX-antennas.
	Scenario
	Description
	Reference channel
	Precoding granularity
	Propagation model
	Antenna correlation
	Verification point

	5.1
	2x2 16QAM 1/2 10MHz MCW 
	R.11
	50 PRB
	EVA5
	Low
	70% tp

	5.2
	2x2 16QAM 1/2 10MHz MCW
	R.11
	50 PRB
	ETU70
	Low
	70% tp

	5.3
	4x2 16QAM 1/2 10MHz MCW
	R.14
	6 PRB
	EVA5
	Low
	70% tp


2.6 Open-loop spatial multiplexing
The purpose of these scenarios is to verify the performance of large-delay CDD (LD-CDD) with 2 and 4 TX antennas. The case 6.2 is as defined in Table 3 of ‎[4], with the exception of 10 MHz channel bandwidth. The case 6.1 is a new scenario covering 2 TX-antenna LD-CDD. 
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	6.1
	2x2 16QAM 1/2 10MHz LD-CDD
	R.11
	EVA70
	Low
	70% tp

	6.2
	4x2 16QAM 1/2 10MHz LD-CDD
	R.14
	EVA70
	Low
	70% tp


2.7 Transmit diversity

The purpose of these scenarios is to verify the performance of transmit diversity with 2 and 4 TX antennas. The case 7.1 is as defined in Table 7 of ‎[1] and the case 7.2 is as defined in Table 1 of ‎[2]. The case 7.3 is as defined in Table 4 of ‎[4] with the exception that a 6 PRB allocation (1.4 MHz) is assumed instead of 5 PRB.
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	7.1
	2x2 16QAM 1/2 10MHz SFBC
	R.11
	EVA5
	Medium
	70% tp

	7.2
	2x2 QPSK 1/3 10MHz SFBC
	R.10
	HS-train
	Low
	70% tp

	7.3
	4x2 QPSK 1/3 1.4MHz SFBC-FSTD
	R.12
	EPA5
	Medium
	70% tp


3. PDCCH/PCFICH

The purpose of these scenarios is to jointly verify the performance of PDCCH and PCFICH for different combinations of antenna setup, CCE aggregation, channel bandwidth, and channel model. The cases 8.1 and 8.2 are based on the assumptions of ‎[6] and ‎[7]. The case 8.3 is a new scenario covering 4 TX antennas.
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	8.1
	1x2 8CCE DCI1 10MHz
	R.15
	ETU70
	Low
	See Annex B

	8.2
	2x2 2CCE DCI2 1.4MHz SFBC
	R.16
	EPA5
	Low
	See Annex B

	8.3
	4x2 4CCE DCI2 10MHz SFBC-FSTD
	R.17
	EVA5
	Medium
	See Annex B


4. PHICH
The purpose of these scenarios is to verify the PHICH performance for different combinations of antenna setup and channel bandwidth. The cases are based on the assumptions of ‎[8].
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	9.1
	1x2 10MHz ACK
	R.18
	ETU70
	Low
	See Annex C

	9.2
	2x2 1.4MHz SFBC ACK
	R.19
	EPA5
	Low
	See Annex C

	9.3
	4x2 10MHz SFBC-FSTD ACK
	R.20
	EVA5
	Medium
	See Annex C

	9.4
	1x2 10MHz ACK
	R.24
	ETU70
	Low
	See Annex C


5. PBCH
The following scenarios are based on the PBCH framework proposal given in ‎[10].

It should be noted that, in order to avoid unnecessary complexity in UE (related to testing only), it has been agreed that the PBCH requirements will be specified but do not need to be verified i.e. no test cases need to be developed in RAN5.

	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	10.1
	1x2 SIMO 1.4 MHz
	R.21
	ETU70
	Low
	See Annex D

	10.2
	2x2 SFBC 1.4 MHz
	R.22
	EPA5
	Low
	See Annex D

	10.3
	4x2 SFBC-FSTD 1.4 MHz
	R.23
	EVA5
	Medium
	See Annex D


6. User-specific reference signal

The purpose of these scenarios is to verify the correct utilization of the user-specific reference signal. The scenarios are based on the DRS framework proposal given in ‎[18].
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	11.1
	1x2 QPSK 1/3 10MHz Full RB
	R.25
	EPA5
	Low
	70% tp

	11.2
	1x2 16QAM 1/2 10MHz Full RB
	R.26
	EPA5
	Low
	70% tp

	11.3
	1x2 64QAM 3/4 10MHz Full RB
	R.27
	EPA5
	Low
	70% tp

	11.4
	1x2 16QAM 1/2 10MHz 1PRB
	R.28
	EPA5
	Low
	30% tp


7. Conclusions

In this contribution we have shown the updated framework for the LTE UE demodulation requirement scenarios. It is proposed that this document would be considered as a starting point for deriving the final set of requirement scenarios and consequently text proposals for 36.101.
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Annex A – Simulation assumptions for the PDSCH scenarios
	Common parameters
	Value

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Channel coding
	According to Section 5.3.2 of 36.212

	Redundancy version sequence
	{0,1,2,3} for QPSK and 16QAM, {0,0,1,2} for 64QAM

	Physical channel processing
	According to Section 6.4 of 36.211

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame (all subframes occupied)

	Power allocation: 1 TX scenarios
	(A = (B = 0 dB

	Power allocation: 2 TX scenarios and 4-tx antenna transmit diversity
	(A = (B = -3 dB

	Power allocation: 4 TX scenarios
(excluding transmit diversity)
	(A = (B = -6 dB

	Number of OFDM symbols reserved for PCFICH/PHICH/PDCCH 
	4 symbols in the case of 1.4 MHz channel bandwidth
3 symbols in the case of 3 and 5 MHz channel bandwidths
2 symbols in the case of 10, 15, and 20 MHz channel bandwidths

	PBCH/SCH overhead
	Included

	Cell ID
	N_cell_ID = 0 shall be assumed whenever applicable

	Interference
	AWGN

	Symbols for unused PRBs (relevant for the single-PRB cases)
	Zeros shall be inserted

	TX EVM
	6 % (see ‎[9] for details)

	Simulation length
	10000 subframes at minimum

	TDD frame structure
	Uplink-downlink configuration: 1 

Special subframe configuration: 4

	PMI feedback delay 1
	UE processing delay : 4 subframes
eNB processing delay: 2 subframes

	Number of HARQ processes
	8 HARQ processes for FDD

7 HARQ processes for TDD

	Maximum number of HARQ transmissions
	4


Note 1:
If the UE reports in an available uplink reporting instance at subrame SF#n (based on PMI estimation at a downlink SF not later than SF#(n-4)), this reported PMI cannot be applied at the eNB downlink before SF#(n+2)
Reference channels:

	Ref.
Ch.
	TX
ports
	Alloc.
	MCS
	SF
	FDD
	TDD

	
	
	
	
	
	Nbits
	TBS 1
(A)
	#CB
	CR
	Peak rate 1
	Nbits
	TBS 1
(A)
	#CB
	CR
	Peak rate 1

	R.0
	1
	1PRB 3 MHz
	16QAM

1/2
	0
	504
	224
	1
	0.49
	224

kbps
	504
	224
	1
	0.49
	 131 kbps

	
	
	
	
	5
	504
	224
	1
	0.49
	
	504
	224
	1
	0.49
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	456
	208
	1
	0.51
	

	
	
	
	
	Others
	504
	224
	1
	0.49
	
	504
	224
	1
	0.49
	

	R.1
	1
	1PRB
10/20 MHz
	16QAM 1/2
	0
	552
	256
	1
	0.51
	256 kbps
	552
	256
	1
	0.51
	144 kbps

	
	
	
	
	5
	552
	256
	1
	0.51
	
	552
	256
	1
	0.51
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	456
	208
	1
	0.51
	

	
	
	
	
	others
	552
	256
	1
	0.51
	
	552
	256
	1
	0.51
	

	R.2
	1
	Full
10 MHz
	QPSK
1/3
	0
	12960
	4392
	1
	0.34
	4.39 Mbps
	13104
	4392
	1
	0.34
	2.48 Mbps

	
	
	
	
	5
	13512
	4392
	1
	0.33
	
	13656
	4392
	1
	0.32
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	11256
	3624
	1
	0.32
	

	
	
	
	
	others
	13800
	4392
	1
	0.32
	
	13800
	4392
	1
	0.32
	

	R.3
	1
	Full
10 MHz
	16QAM
1/2
	0
	25920
	12960
	3
	0.50
	13.9 Mbps
	26208
	12960
	3
	0.50
	7.82 Mbps

	
	
	
	
	5
	27024
	12960
	3
	0.48
	
	27312
	14112
	3
	0.52
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	22512
	11448
	2
	0.51
	

	
	
	
	
	others
	27600
	14112
	3
	0.51
	
	27600
	14112
	3
	0.51
	

	R.4
	1
	Full
1.4 MHz
	QPSK

1/3
	0
	528
	152
	1
	0.33
	374 kbps
	672
	208
	1
	0.35
	 143 kbps

	
	
	
	
	5
	1080
	328
	1
	0.33
	
	1224
	408
	1
	0.35
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	1224
	[0] 2
	0
	n/a
	

	
	
	
	
	others
	1368
	408
	1
	0.32
	
	1368
	408
	1
	0.32
	

	R.5
	1
	Full
3 MHz
	64QAM
3/4
	0
	8820
	6456
	2
	0.73
	8.25

Mbps
	9252
	6968
	2
	0.76
	4.69 Mbps

	
	
	
	
	5
	10476
	7992
	2
	0.77
	
	10908
	7992
	2
	0.73
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	9828
	7480
	2
	0.76
	

	
	
	
	
	others
	11340
	8504
	2
	0.75
	
	11340
	8504
	2
	0.75
	

	R.6
	1
	Full
5 MHz
	64QAM
3/4
	0
	16380
	12576
	3
	0.77
	13.9 Mbps
	16812
	12576
	3
	0.75
	 8.01 Mbps

	
	
	
	
	5
	18036
	13536
	3
	0.75
	
	18468
	14112
	3
	0.77
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	16668
	12576
	3
	0.76
	

	
	
	
	
	others
	18900
	14112
	3
	0.75
	
	18900
	14112
	3
	0.75
	

	R.7
	1
	Full
10 MHz
	64QAM
3/4
	0
	38880
	28336
	5
	0.73
	30.4 Mbps
	39312
	30576
	5
	0.78
	17.3 Mbps

	
	
	
	
	5
	40536
	30576
	5
	0.75
	
	40968
	30576
	5
	0.75
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	33768
	25456
	5
	0.75
	

	
	
	
	
	others
	41400
	30576
	5
	0.74
	
	41400
	30576
	5
	0.74
	

	R.8
	1
	Full
15 MHz
	64QAM
3/4
	0
	59580
	45352
	8
	0.76
	46.6 Mbps
	60012
	45352
	8
	0.76
	26.2 Mbps

	
	
	
	
	5
	61236
	45352
	8
	0.74
	
	61668
	46888
	8
	0.76
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	50868
	37888
	7
	0.75
	

	
	
	
	
	others
	62100
	46888
	8
	0.76
	
	62100
	46888
	8
	0.76
	

	R.9
	1
	Full
20 MHz
	64QAM
3/4
	0
	80280
	61664
	11
	0.77
	61.7 Mbps
	80712
	61664
	11
	0.76
	34.9 Mbps

	
	
	
	
	5
	81936
	61664
	11
	0.75
	
	82368
	61664
	11
	0.75
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	67968
	51024
	9
	0.75
	

	
	
	
	
	others
	82800
	61664
	11
	0.75
	
	82800
	61664
	11
	0.75
	

	R.10
	2
	Full
10 MHz
	QPSK
1/3
	0
	12384
	4392
	1
	0.36
	4.39 Mbps
	12528
	4392
	1
	0.35
	2.48 Mbps

	
	
	
	
	5
	12912
	4392
	1
	0.34
	
	13056
	4392
	1
	0.34
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	10656
	3624
	1
	0.34
	

	
	
	
	
	others
	13200
	4392
	1
	0.33
	
	13200
	4392
	1
	0.33
	

	R.11
	2
	Full
10 MHz
	16QAM
1/2
	0
	24768
	12960
	3
	0.52
	13.0 Mbps
	25056
	12960
	3
	0.52
	7.17 Mbps

	
	
	
	
	5
	25824
	12960
	3
	0.50
	
	26112
	12960
	3
	0.50
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	21312
	9912
	2
	0.47
	

	
	
	
	
	others
	26400
	12960
	3
	0.49
	
	26400
	12960
	3
	0.49
	

	R.12
	4
	Full
1.4 MHz
	QPSK
1/3
	0
	480
	152
	1
	0.37
	374

kbps
	624
	208
	1
	0.37
	135
kbps

	
	
	
	
	5
	960
	328
	1
	0.36
	
	1104
	328
	1
	0.32
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	1104
	[0] 2
	0
	n/a
	

	
	
	
	
	others
	1248
	408
	1
	0.35
	
	1248
	408
	1
	0.35
	

	R.13
	4
	Full
10 MHz
	QPSK
1/3
	0
	12032
	3624
	1
	0.30
	4.32

Mbps
	12176
	4392
	1
	0.36
	2.48

Mbps

	
	
	
	
	5
	12512
	4392
	1
	0.35
	
	12656
	4392
	1
	0.35
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	10256
	3624
	1
	0.36
	

	
	
	
	
	others
	12800
	4392
	1
	0.35
	
	12800
	4392
	1
	0.35
	

	R.14
	4
	Full
10 MHz
	16QAM
1/2
	0
	24064
	11448
	2
	0.48
	12.8

Mbps
	24352
	11448
	2
	0.47
	7.02

Mbps

	
	
	
	
	5
	25024
	12960
	3
	0.52
	
	25312
	12960
	3
	0.51
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	20512
	9912
	2
	0.48
	

	
	
	
	
	others
	25600
	12960
	3
	0.51
	
	25600
	12960
	3
	0.51
	


Note 1:
The payload sizes (per code word) are determined by the following method:
Given desired code rate R and radio block allocation NRB
1.
Calculate the number of bits (Nbits) that can be transmitted on the current subframe 

2.
Find such A that the resulting code rate is as close to R as possible, i.e. minimize |R –(A+24)/Nbits| subject to:

A is a valid transport block size (according to section 7.1.7 of 36.213) assuming an allocation of NPRB resource blocks

3.
In the event that there is more than one A that minimizes equation in 2 above, we choose the larger value by default

Note 2:
No data shall be scheduled on special subframes to avoid problems with insufficient PDCCH performance. This limitation applies to all data transmitted on special subframes regardless of the HARQ transmission number (whether initial or retransmission).
Annex B – Simulation assumptions for the PDCCH/PCFICH scenarios
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly i.e. miss detection of PCFICH implies a miss detection of PDCCH

	Target quality
	P(miss detection of downlink scheduling grant) < 1 %

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	
	

	Power allocation: 1 TX 1 
	PDCCH_RA = PDCCH_RB = 0 dB 
PCFICH_RA = PCFICH_RB = 0 dB

PHICH_RA = PHICH_RB = 0 dB

	Power allocation: 2 and 4 TX 1
	PDCCH_RA = PDCCH_RB = -3 dB 
PCFICH_RA = PCFICH_RB = -3 dB

PHICH_RA = PHICH_RB = -3 dB

	PHICH duration
	Normal 

	Number of PHICH groups 2
	Ng=1

	PDCCH content
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data.

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame (all subframes occupied)

	Blind decoding
	Not taken into account in the simulations

	Interference
	AWGN

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	TX EVM
	6 % (see ‎[9] for details)

	Simulation length
	10000 subframes at minimum

	TDD frame structure
	Uplink-downlink configuration: 1 

Special subframe configuration: 4


Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101. 
Note 2:
The number of PHICH groups for normal cyclic prefix is equal to ceiling[Ng(N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).
Reference channels:

	Ref.
Channel
	TX ports
	Channel bandwidth
	Control
symbols
	Aggregation

level
	DCI format
	Cell ID
	FDD payload

(w/o CRC)
	TDD payload

(w/o CRC)

	R.15
	1
	10 MHz
	2 symbols
	8 CCE
	Format 1
	0
	31 bits
	34 bits

	R.16
	2
	1.4 MHz
	2 symbols
	2 CCE
	Format 2
	0
	31 bits
	34 bits

	R.17
	4
	10 MHz
	2 symbols
	4 CCE
	Format 2
	0
	46 bits
	49 bits


Annex C – Simulation assumptions for the PHICH scenarios
	Common parameters
	Value

	Target quality
	P(ACK to NACK) < 0.1%

	Performance requirement 1
	SNR required to fulfill the target quality

	Channel coding
	According to Section 5.3.4 of 36.212

	Physical channel processing
	According to Section 6.9 of 36.211

	UE behaviour
	No bias shall be applied on the detection of ACK and NACK (a.k.a “zero threshold” approach shall be used, see ‎[11]) 

	Power allocation: 1 TX 2
	PHICH_RA = PHICH_RB = 0 dB 
PCFICH_RA = PCFICH_RB = 0 dB

PDCCH_RA = PDCCH_RB = 0 dB

	Power allocation: 2 and 4 TX 2
	PHICH_RA = PHICH_RB = -3 dB 
PCFICH_RA = PCFICH_RB = -3 dB

PDCCH_RA = PDCCH_RB = -3 dB

	PHICH duration
	Normal

	Number of PHICH groups 3
	Ng=1

	PDCCH content
	All PDCCH resources shall be occupied by non-zero data.

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame (all subframes occupied)

	Interference
	AWGN

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	TX EVM
	6 % (see ‎[9] for details)

	Simulation length
	[x] subframes at minimum

	TDD frame structure
	Uplink-downlink configuration: 1 

Special subframe configuration: 4


Note 1:
The SNR shall be calculated as defined in the Section 8.2.1 of 36.101 i.e. the numerator shall include the energies of all users within a PHICH group. See Annex F for more details. 

Note 2:
The power allocation values PHICH_RA and PHICH_RB are given as defined in the Section 3.3 of 36.101. Consequently they represent the boosting of PHICH REs, including the energies of all users within a PHICH group, relative to the reference signal. See Annex F for more details.
Note 3:
The number of PHICH groups for normal cyclic prefix is equal to ceiling[Ng(N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).
Reference channels [user1 user2 user3]:

	Ref.
Channel
	TX
ports
	Channel

Bandwidth
	User roles 1
	Resource allocation 2
	Power offsets [dB] 3
	Payload 4

	R.18
	1
	10
	[W I1 I2]
	[(0,0) (0,1) (0,4)] 
	[ -4 0 -3]
	[A R R]

	R.19
	2
	1.4
	[W I1 I2]
	[(0,0) (0,1) (0,4)]
	[ -4 0 -3]
	[A R R]

	R.20
	4
	10
	[W I1 I2]
	[(0,0) (0,1) (0,4)]
	[ -4 0 -3]
	[A R R]

	R.24
	1
	10
	[W I1]
	[(0,0) (0,1)]
	[0 -3]
	[A R]


Note 1:

W=wanted user, I1=interfering user 1, I2=interfering user 2.
Note 2:
The resource allocation per user is given as (N_group_PHICH, N_seq_PHICH). The remaining PHICH groups (other than group zero) shall contain zeros.
Note 3: 
The power offsets (per user) represent the difference of the power of BPSK modulated symbol per PHICH relative to the first interfering user.

Note 4: 
A=fixed ACK, R=random ACK/NACK.
Annex D – Simulation assumptions for the PBCH scenarios

	Common parameters
	Value

	General setup
	PBCH transmission in a 40 ms TTI

	Target quality
	P(missed detection of BCH) < 1 %

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.1 of 36.212 

	Physical channel processing
	According to Sections 6.6 of 36.211

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame and four radio frames per BCH transmission

	Blind decoding of TX antennas and 40 ms boundary
	Not taken into account in the simulations

	Power allocation: 1 TX 
	PBCH_RA = PBCH_RB = 0 dB 1

	Power allocation: 2 and 4 TX
	PBCH_RA = PBCH_RB = -3 dB 1

	Interference
	AWGN

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	TX EVM
	6 % (see ‎[9] for details)

	Simulation length
	10000 BCH transmissions at a minimum 
(worst case 40000 radio frames)

	TDD frame structure
	Uplink-downlink configuration: 1 

Special subframe configuration: 4


Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101.
Reference channels:

	Ref.
Channel
	TX ports
	Channel bandwidth
	
MCS
	Payload

(w/o CRC)

	R.21
	1
	1.4 MHz
	QPSK 40/1920
	24 bits

	R.22
	2
	1.4 MHz
	QPSK 40/1920
	24 bits

	R.23
	4
	1.4 MHz
	QPSK 40/1920
	24 bits


Annex E – Simulation assumptions for the user specific reference signal

	Common parameters
	Value

	Uplink-downlink configuration
	#1 (2:2)

	Special subframe configuration
	#4 (DwPTS:GP:UpPTS - 12:1:1)

	Cell ID
	N_cell_ID = 0 shall be assumed whenever applicable

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Channel coding
	According to Section 5.3.2 of 36.212

	Redundancy version sequence
	{0,1,2,3} for QPSK and 16QAM, {0,0,1,2} for 64QAM

	Physical channel processing
	According to Section 6.4 of 36.211

	Cyclic prefix
	Normal

	Scheduling rate
	Four subframes plus two DwPTS per radio frame (all downlink subframes occupied)

	Power allocation
	PA = 0 dB

PB = 0 ((B/(A=1)

	Random precoder update granularity
	Frequency domain: 1 PRB
Time domain: 1 ms

	Number of OFDM symbols reserved for PCFICH/PHICH/PDCCH 
	2 symbols

	PBCH/SCH overhead
	Included

	Interference
	AWGN

	Symbols for unused PRBs (relevant for the single-PRB cases)
	Zeros shall be inserted

	TX EVM
	6 %

	Simulation length
	10000 subframes at minimum


Beamforming model:

The effective channel for the user-specific signal, including DRS, is defined as a product of a 2x2 MIMO matrix (assuming EPA5 profile) and a random single-layer 2x1 precoder, i.e. 
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where the codebook index j (Table 6.3.4.2.3-1 in ‎[14]) changes randomly between every subframe and each PRB. Note that Heff is a 2x1 matrix representing a 1x2 SIMO channel. 
Reference channels:

	Ref.
Ch.
	TX
ports
	Alloc.
	MCS
	SF
	FDD
	TDD

	
	
	
	
	
	Nbits
	TBS
(A)
	#CB
	CR
	Peak rate
	Nbits
	TBS
(A)
	#CB
	CR
	Peak rate

	R.25
	1
	Full
10 MHz
	QPSK
1/3
	0
	11088
	3624
	1
	0.33
	4.24

Mbps
	11088
	3624
	1
	0.33
	2.4

Mbps

	
	
	
	
	5
	11088
	3624
	1
	0.33
	
	12456
	4392
	1
	0.35
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	10356
	3624
	1
	0.35
	

	
	
	
	
	Others
	12600
	4392
	1
	0.35
	
	12600
	4392
	1
	0.35
	

	R.26
	1
	Full
10 MHz
	16QAM 1/2
	0
	22176
	11448
	2
	0.52
	12.66

Mbps
	22176
	11448
	2
	0.52
	7.02

Mbps

	
	
	
	
	5
	22176
	11448
	2
	0.52
	
	24912
	12960
	3
	0.52
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	20712
	9912
	2
	0.48
	

	
	
	
	
	others
	25200
	12960
	3
	0.52
	
	25200
	12960
	3
	0.52
	

	R.27
	1
	Full
10 MHz
	64QAM
3/4
	0
	33264
	25456
	5
	0.77
	27.76

Mbps
	33264
	25456
	5
	0.77
	15.6

Mbps

	
	
	
	
	5
	33264
	25456
	5
	0.77
	
	37368
	28336
	5
	0.76
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	31068
	22920
	4
	0.74
	

	
	
	
	
	others
	37800
	28336
	5
	0.75
	
	37800
	28336
	5
	0.75
	

	R.28
	1
	1PRB 10 MHz
	16QAM
1/2
	0
	504
	224
	1
	0.49
	224

Kbps
	504
	224
	1
	0.49
	124.8

Kbps

	
	
	
	
	5
	504
	224
	1
	0.49
	
	504
	224
	1
	0.49
	

	
	
	
	
	DwPTS
	n/a
	n/a
	n/a
	n/a
	
	420
	176
	1
	0.48
	

	
	
	
	
	others
	504
	224
	1
	0.49
	
	504
	224
	1
	0.49
	


Annex F – Simulation assumptions for all scenarios

Reference Receiver:
The following reference receivers are assumed for the simulations ‎[17].
· SIMO: MRC Receiver

· Transmit diversity: SFBC MRC Receiver

· MIMO Spatial multiplexing SCW: MRC Receiver

· MIMO Spatial multiplexing MCW: MMSE Receiver

SNR Definition:
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Figure 1: SIMO Test setup 
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Figure 2: 2x2 MIMO Test setup 
For all scenarios (both transmitter confirgurations, and physical channels), the SNR is defined as
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where the superscript indicates the receiver antenna connector and the symbols are defined in TS36.101. For convenience, they are copied here.
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The received energy per RE during the useful part of the symbol, i.e. excluding the cyclic prefix, averaged across the allocated RB(s) (average power within the allocated RB(s), divided by the number of RE within this allocation, and normalized to the subcarrier spacing) at the UE antenna connector 
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The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector

For simulation purpose, one can assume 
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. Total transmit power for all transmitter configurations are assumed to be same, and they are equally divided into each transmit antennas, in case of more than one transmit antennas. Therefore, SNR can be expressed as:
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This SNR definition applies to PDSCH, PDCCH, PBCH and PHICH test cases, and used to calculate either noise variance or signal power with unit noise variance. For PHICH, 
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 shall include the energies of all users within a PHICH group. PHICH power offset among users within a PHICH group is shown below, where power normalization 
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is required before applying PHICH_RA and PHICH_RB settings. 
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Figure 3: PHICH Power settings within PHICH group
PHICH power offset values for wanted user, interfering user 1, and interfering user 2 are denoted by 
[image: image14.wmf]W

P

,  
[image: image15.wmf]1

I

P

and 
[image: image16.wmf]2

I

P

respectively, and are specified in Annex C. 
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