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1.
Discussion and Proposal

In the attached TP for the Relay TS we provide text based on the current content in report TR 36.826 for demodulation requirements. The main addition compared to the text in the report is that the backhaul performance requirements in subcluase 9.2 to 9.7 has been included by reference to TS 36.101. 

It is proposed that the attached TP is implemented in TS 36.116.

8
Access Performance requirement

8.1
General
Performance requirements for the acess link are specified for the fixed reference channels defined in Annex A and the propagation conditions in Annex B of TS 36.104 [3]. The requirements only apply to those FRCs that are supported by the relay. 

Unless stated otherwise, performance requirements apply for a single carrier only.

The SNR used in this clause is specified based on a single carrier and defined as:

SNR = S / N

Where:

S 
is the total signal energy in the subframe on a single antenna port.

N
is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a subframe.


8.2
Performance requirements for PUSCH

8.2.1
Requirements in multipath fading propagation conditions

The PUSCH performance requirements in multipah fading propagation conditions are the same as defined in TS 36.104 [3]. The requirements associated with ETU 70Hz or ETU 300Hz are optional.

8.2.2
Requirements for UL timing adjustment

The requirements for UL timing adjustment are the same as defined in TS 36.104 [3].

8.2.3 Requirements for HARQ-ACK multiplexed on PUSCH

The performance requirements for HARQ-ACK multiplexed on PUSCH are the same as defined in TS 36.104 [3]. The requirements associated with ETU 70Hz are optional.

8.3
Performance requirements for PUCCH

8.3.1
DTX to ACK performance

The DTX to ACK performance requirements are the same as defined in TS 36.104 [3].

8.3.2
ACK missed detection requirements for single user PUCCH format 1a

The ACK missed detection requirements for single user PUCCH format 1a are the same as defined in TS 36.104 [3]. The requirements associated with ETU 70Hz or ETU 300Hz are optional.

8.3.3
CQI missed detection requirements for PUCCH format 2

The CQI missed detection requirements for PUCCH format 2 are the same as defined in TS 36.104 [3]. The requirements associated with ETU 70Hz are optional.

8.3.4
ACK missed detection requirements for multi user PUCCH format 1a

The ACK missed detection requirements for multi user PUCCH format 1a are optional and are the same as defined in TS 36.104 [3].

8.4
Performance requirements for PRACH

8.4.1
PRACH False alarm probability

The requirements for PRACH False alarm probability are the same as defined in TS 36.104 [3].

8.4.2
PRACH detection requirements

The PRACH detection requirements are the same as defined in TS 36.104 [3]. The requirements associated with ETU 70Hz are optional.
9
Backhaul Performance requirement

9.1
General

The performance requirements for the backhaul are based on relays that utilize a dual-antenna receiver. 

For all test cases, the SNR is defined as:
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where the superscript indicates the receiver antenna connector. The SNR is defined assuming REs are not precoded, and the relative power of physical channels transmitted is defined in TS 36.101[2] Table C.3.2-1.


9.2
Demodulation of PDSCH (Cell-Specific Reference Symbols)
The requirements for demodulation of PDSCH with Cell-Specific Reference Symbols are defined in TS 36.101[2] subclause 8.2.
9.3
Demodulation of PDSCH (User-Specific Reference Symbols)
The requirements for demodulation of PDSCH with User-Specific Reference Symbols are defined in TS 36.101[2] subclause 8.3.
9.4
Demodulation of PDCCH/PCFICH
The requirements for demodulation of PDCCH/PCFICH are defined in TS 36.101[2] subclause 8.4.
9.5
Demodulation of PHICH
The requirements for demodulation of PHICH are defined in TS 36.101[2] subclause 8.5.
9.6
Demodulation of PBCH
The requirements for demodulation of PBCH are defined in TS 36.101[2] subclause 8.6.
9.7
Sustained downlink data rate provided by lower layers
The requirements for sustained downlink data rate provided by lower layers are defined in TS 36.101[2] subclause 9.7.
9.8
Demodulation of R-PDCCH
The requirements are valid for the propagation conditions given in Annex A and for the reference channels provided in Annex B.
9.8.1
R-PDCCH format without cross-interleaving

9.8.1.1
FDD

For single-layer transmission on antenna port 7, the requirements are specified in Table 9.8.1.1-2, with parameters in Table 9.8.1.1-1.

Table 9.8.1.1-1: Test Parameters for single-layer transmission on port 7 of R-PDCCH
	Parameter
	Unit
	Test 1
	Test 2

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Un subframe type in DeNB
	
	Normal subframe

	SubframeConfigurationFDD
	
	10110101

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Configuration of OFDM symbols for eNB-to-RN transmission in the first slot
	
	2 (Note 1)

	Downlink power allocation
	R-PDCCH_RA

OCNG_RA
	dB
	0

	
	R-PDCCH_RB

OCNG_RB
	dB
	0

	Cell-specific reference symbols
	
	Antenna port 0
	Antenna port 0,1

	CSI reference signal configuration
	
	1

	Number of CSI reference signals configured
	
	1
	4

	CSI reference signal subframe configuration
	
	ICSI-RS = 37



[image: image2.wmf]oc

N

at antenna port

	
	dBm/15kHz
	-98

	Number of allocated resource blocks
	PRB
	2
	4

	Unused REs and PRBs
	
	OCNG (Note 2)

	Simultaneous transmission (Note 3)
	
	No

	Beamforming Model
	
	No precoding
	a precoder vector 
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 from Table 6.3.4.2.3-2 in TS 36.211 as beamforming weights

	Precoder update granularity
	
	Frequency domain: 1 PRG

Time domain: 1 ms

	Note 1:
as specified in Table 5.4-1 in TS 36.216

Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs or other OCGN REs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 3:
The modulation symbols of the signal under test are mapped onto antenna port 7 while antenna port 8 is unused. 

Note 4:
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Table 9.8.1.1-2: Minimum performance for R-PDCCH without cross-interleaving (FRC)
	Test number
	Bandwidth  
	Reference channel
	OCNG Pattern
	Aggregation level
	DCI format
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10MHz
	R.1 FDD
	1OP.1 FDD
	2 PRB
	Format 2C
	LOS with strong dominant component
	1x2
	1
	2.1

	2
	10 MHz
	R.2 FDDTBD
	1OP.1 FDD
	4 PRB
	Format 2C
	NLOS with medium correlation
	4x2
	1
	11.5


9.8.1.2
TDD

For single-layer transmission on antenna port 7, the requirements are specified in Table 9.8.1.2-2, with parameters in Table 9.8.1.2-1.

Table 9.8.1.2-1: Test Parameters for single-layer transmission on port 7 of R-PDCCH
	Parameter
	Unit
	Test 1
	Test 2

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Un subframe type in DeNB
	
	Normal subframe

	Uplink downlink configuration
	
	1

	SubframeConfigurationTDD
	
	4

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Configuration of OFDM symbols for eNB-to-RN transmission in the first slot
	
	2 (Note 1)

	Downlink power allocation
	R-PDCCH_RA

OCNG_RA
	dB
	0

	
	R-PDCCH_RB

OCNG_RB
	dB
	0

	Cell-specific reference symbols
	
	Antenna port 0
	Antenna port 0,1

	CSI reference signal configuration
	
	1

	Number of CSI reference signals configured
	
	1
	4

	CSI reference signal subframe configuration
	
	ICSI-RS = 37
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	dBm/15kHz
	-98

	Number of allocated resource blocks
	PRB
	2
	4

	Unused REs and PRBs
	
	OCNG (Note 2)

	Simultaneous transmission (Note 3)
	
	No

	Beamforming Model
	
	No precoding
	a precoder vector 
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 from Table 6.3.4.2.3-2 in TS 36.211 as beamforming weights

	Precoder update granularity
	
	Frequency domain: 1 PRG

Time domain: 1 ms

	Note 1:
as specified in Table 5.4-1 in TS 36.216

Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs or other OCNG REs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 3:
The modulation symbols of the signal under test are mapped onto antenna port 7 while antenna port 8 is unused. 

Note 4:
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Table 9.8.1.2-2: Minimum performance for R-PDCCH without cross-interleaving (FRC)
	Test number
	Bandwidth  
	Reference channel
	OCNG Pattern
	Aggregation level
	DCI format
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10MHz
	R.1 TDD
	OP.1 TDD
	2 PRB
	Format 2C
	LOS with strong dominant component
	1x2
	1
	2.1

	2
	10 MHz
	R.2 TDD
	OP.1 TDD 
	4 PRB
	Format 2C
	NLOS with medium correlation
	4x2
	1
	11.5


<<< NEW ADDED SECTION >>>
Annex A: Propagation models for relay demodulation requirements

A.1 Propagation models for backhaul link
A.1.1 Delay Profiles

Three representative delay profiles are selected corresponding to the LOS and NLOS scenarios. 

A.1.1.1 LOS between eNB and relay

Table A.1.1-1 and Table A.1.1-2 show the delay profiles for the LOS scenarios: one with strong dominant component and the other with medium dominant component. Note that the first tap in both Table A.1.1-1 and Table A.1.1-2 corresponds to the LOS component, it is therefore a non-fading tap and the corresponding Doppler frequency is 0.

Table A.1.1-1 Delay Profile for LOS Scenario (strong dominant component)
	Excess tap delay [ns]
	Relative power 

[dB]

	0 
	0.0

	30
	-21.0

	70
	-22.0

	90
	-23.0


Note that as the first tap is at least 21dB stronger than the rest taps, this channel may be considered as an AWGN channel. The exact one-tap static AWGN channel model is FFS. 
Table A.1.1-2 Delay Profile for LOS Scenario (medium dominant component)
	Excess tap delay [ns]
	Relative power 

[dB]

	0
	0.0

	30
	-11.0

	70
	-12.0

	90
	-13.0

	110
	-18.0

	190
	-27.2

	[410]
	[-30.8]


Note that as the first tap is at least 11dB stronger than the rest taps, this channel may be characterized by one dominant path combined with significant scattering paths.
A.1.1.2 NLOS between eNB and relay

For NLOS scenario, the delay profile is given in Table A.1.1-3.
Table A.1.1-3 Delay Profile for NLOS Scenario

	Excess tap delay [ns]
	Relative power 

[dB]

	0
	0.0

	30
	-1.0

	70
	-2.0

	90
	-3.0

	110
	-8.0

	190
	-17.2

	410
	-20.8


A.1.2 Doppler Frequency

For NLOS between the eNB and the relay, as the relay nodes are often fixed, hence a low Doppler frequency of 2Hz is used. Note that this 2Hz Doppler frequency is only used for the new channels (such as R-PDCCH).

A.1.3 MIMO Correlation Matrices

For LOS component between the eNB and the relay, the spatial channel correlation matrix is modeled as an all one matrix unless cross-polarized antennas are deployed. This is because the correlation matrix for the channel with single LOS component is of rank 1.

For NLOS scenario, the correlation matrices are given in the following tables.
Table A.1.3-1 defines the correlation matrices for the eNB:

Table A.1.3-1 eNB correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	eNB Correlation
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Table A.1.3-2 defines the correlation matrices for the relay:

Table A.1.3-2 Relay correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	Relay Correlation
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The values of (  and ( for different correlation types are given in Table A.1.3-3
Table A.1.3-3 Low, Medium and High Correlation Values

	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	(
	(
	(
	(

	0
	0
	0.3
	0.9
	0.9 
	0.9 


For the channel from the eNB to the relay, the channel spatial correlation matrix 
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 is then given as the Kronecker product of the eNB correlation matrix and the relay correlation matrix, i.e. 
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A.2 multipath propagation fading conditions for access link

Tables A.2-1 – Table A.2-3 show multi-path delay profiles that are used for the performance measurements in multi-path fading environment. All taps have classical Doppler spectrum, defined as:

(CLASS)
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for f  -fD, fD.
Table A.2-1 Extended Pedestrian A model (EPA)
	Excess tap delay [ns]
	Relative power 
[dB]

	0
	0.0

	30
	-1.0

	70
	-2.0

	90
	-3.0

	110
	-8.0

	190
	-17.2

	410
	-20.8


Table A.2-2 Extended Vehicular A model (EVA)
	Excess tap delay [ns]
	Relative power [dB]

	0
	0.0

	30
	-1.5

	150
	-1.4

	310
	-3.6

	370
	-0.6

	710
	-9.1

	1090
	-7.0

	1730
	-12.0

	2510
	-16.9


Table A.2-3 Extended Typical Urban model (ETU)
	Excess tap delay [ns]
	Relative power [dB]

	0
	-1.0

	50
	-1.0

	120
	-1.0

	200
	0.0

	230
	0.0

	500
	0.0

	1600
	-3.0

	2300
	-5.0

	5000
	-7.0


A multipath fading propagation condition is defined by a combination of a multi-path delay profile and a maximum Doppler frequency fD which is either 5, 70 or 300 Hz. 
Note that the ETU model shown in Table A.2-3 and Doppler frequency of 300Hz are optional for relay access link demodulation requirments.
The relay access link demodulation requirements are the same or subset of the eNB requirements as described in TS 36.104.
Annex B:
 Reference Measurement Channel

B.1 Reference measurement channels for R-PDCCH performance requirements

B.1.1 R-PDCCH format without cross-interleaving

B.1.1.1
FDD

Table B.1.1.1-1: Fixed Reference Channel for R-PDCCH transmitted on single-layer antenna port 7
	Parameter
	Unit
	Value

	Reference channel
	
	R.1 FDD
	R.2 FDD

	Number of transmitter antennas
	
	1
	4

	Channel bandwidth
	MHz
	10
	10

	Allocated RB for R-PDCCH
	RB
	24, 25
	23, 24, 25, 26

	Aggregation level
	PRB
	2
	4

	DCI Format
	
	Format 2C
	Format 2C

	Cell ID
	
	0
	0

	Payload (without CRC)
	Bits
	42
	42


B.1.1.2
TDD

Table B.1.1.2-1: Fixed Reference Channel for R-PDCCH transmitted on single-layer antenna port 7

	Parameter
	Unit
	Value

	Reference channel
	
	R.1 TDD
	R.2 TDD

	Number of transmitter antennas
	
	1
	4

	Channel bandwidth
	MHz
	10
	10

	Allocated RB for R-PDCCH
	RB
	24, 25
	23, 24, 25, 26

	Aggregation level
	PRB
	2
	4

	DCI Format
	
	Format 2C
	Format 2C

	Cell ID
	
	0
	0

	Payload (without CRC)
	Bits
	45
	45


B.2 OCNG patterns for R-PDCCH performance requirements

The following OCNG patterns are used for modelling allocations to virtual UEs (which are not under test) and/or allocations used for MBSFN. The OCNG pattern for each sub frame specifies the allocations that shall be filled with OCNG, and furthermore, the relative power level of each such allocation.

In each test case the OCNG is expressed by parameters OCNG_RA and OCNG_RB which together with a relative power level (
[image: image21.wmf]g

) specifies the PDSCH EPRE-to-RS EPRE ratios in OFDM symbols with and without reference symbols, respectively. The relative power, which is used for modelling boosting per virtual UE allocation, is expressed by:
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where 
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 denotes the relative power level of the i:th virtual UE. The parameter settings of OCNG_RA, OCNG_RB, and the set of relative power levels 
[image: image24.wmf]g

are chosen such that when also taking allocations to the UE under test into account, as given by a PDSCH reference channel, a constant transmitted power spectral density that is constant on an OFDM symbol basis is targeted.

Moreover the OCNG pattern is accompanied by a PCFICH/PDCCH/PHICH reference channel which specifies the control region. For any aggregation and PHICH allocation, the PDCCH and any unused PHICH groups are padded with resource element groups with a power level given respectively by PDCCH_RA/RB and PHICH_RA/RB as specified in the test case such that a total power spectral density in the control region that is constant on an OFDM symbol basis is targeted.

B.2.1 FDD

B.2.1.1
OCNG FDD pattern 1for R-PDCCH

This OCNG Pattern fills with OCNG all empty PRB-s (PRB-s with no allocation of data or system information) of the DL sub-frames, when the unallocated area is discontinuous (divided in two parts by the allocated area – two sided) or continuous (one sided) in the frequency domain, starts with PRB 0 and ends with PRB NRB-1.
Table B.2.1-1: OCNG for FDD R-PDCCH

	Relative power level γPRB [dB]
	PDSCH Data

	Subframe
	

	Allocated subframes for R-PDCCH
	Subframes unallocated for R-PDCCH
	

	The 1st slot
	The 2nd slot
	0
	5
	Other subframes
	

	Allocation
	

	0 – (First allocated PRB-1)

 and 

(Last allocated PRB+1) – (NRB-1)
	First unallocated PRB

 –

Last unallocated PRB
	First unallocated PRB

 –

Last unallocated PRB
	First unallocated PRB

 –

Last unallocated PRB
	First unallocated PRB

 –

Last unallocated PRB
	

	0
	0
	0
	0
	0
	Note 1

	Note 1:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameter γPRB is used to scale the power of PDSCH.

Note 2:
If two or more transmit antennas with CRS are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS according to transmission mode 2. The parameter γPRB applies to each antenna port separately, so the transmit power is equal between all the transmit antennas with CRS used in the test. The antenna transmission modes are specified in section 7.1 in 3GPP TS 36.213.


B.2.2 TDD

B.2.2.1
OCNG TDD pattern 1for R-PDCCH

This OCNG Pattern fills with OCNG all empty PRB-s (PRB-s with no allocation of data or system information) of the subframes available for DL transmission (depending on TDD UL/DL configuration), when the unallocated area is discontinuous (divided in two parts by the allocated area – two sided) or continuous (one sided) in the frequency domain, starts with PRB 0 and ends with PRB NRB -1.
Table B.2.2-1: OCNG for TDD R-PDCCH

	Relative power level γPRB [dB]
	PDSCH Data

	Subframe (only if available for DL Note 2)
	

	Allocated subframes for R-PDCCH
	Subframes unallocated for R-PDCCH
	

	The 1st slot
	The 2nd slot
	0
	5
	1 and 6 (as special subframes)
	Other normal subframes
	

	Allocation
	

	0 – (First allocated PRB-1)

 and 

(Last allocated PRB+1) – (NRB-1)
	First unallocated PRB

 –

Last unallocated PRB
	First unallocated PRB

 –

Last unallocated PRB
	First unallocated PRB

 –

Last unallocated PRB
	First unallocated PRB

 – 

Last unallocated PRB
	First unallocated PRB

 –

Last unallocated PRB
	

	0
	0
	0
	0
	0
	0
	Note 1

	Note 1:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameter γPRB is used to scale the power of PDSCH.

Note 2:   Subframes available for DL transmission depends on the Uplink-Downlink configuration in Table 4.2-2 in 3GPP TS 36.211

Note 3:
If two or more transmit antennas with CRS are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS according to transmission mode 2. The parameter γPRB applies to each antenna port separately, so the transmit power is equal between all the transmit antennas with CRS used in the test. The antenna transmission modes are specified in section 7.1 in 3GPP TS 36.213.
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