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1. Introduction
In RAN4 #82bis meeting, companies have discussed the demodulation requirement for FeMBMS, including the PMCH demodulation test cases, channel model, and MBSFN-awareness PDSCH demodulation test.
In this contribution, we further propose more detailed test cases/configuration for PMCH/PDSCH demodulation test for FeMBMS, including the new MBSFN propagation channel model. Preliminary simulation results based on the suggested configuration are also provided for informative purpose.
2. Discussion

2.1. FeMBMS PMCH Demodulation Performance Test Case
FeMBMS cells cannot be used as Pcell, and therefore, when UE is receiving PMCH from a FeMBMS cell, such FeMBMS cell should be either 
· Configured by UE as a non-serving MBMS cell via MBMS interest indication, or 
· Configured by eNB as a Scell in response to the MBMS interest indication from UE. 
Furthermore, for the dedicated FeMBMS cells, PMCH reception is limited only to the non-serving cell since it cannot be used as Scell either. Therefore, it is desirable to use different non-CA/CA test configuration for FeMBMS PMCH demodulation test configuration depending on the type of FeMBMS carrier.
Proposal 1. Define FeMBMS PMCH demodulation tests where UE is configured with Pcell, and 

· For the mixed FeMBMS/unicast carrier, additionally receiving PMCH from FeMBMS Scell or FeMBMS non-serving cell

· For the dedicated FeMBMS carrier, additionally receiving PMCH from FeMBMS non-serving cell
As discussed in [1], the UE feature for FeMBMS PMCH reception is defined separately for the mixed FeMBMS/unicast cell and the dedicated FeMBMS cell. Therefore, from the test applicability point of view, we propose that PMCH demodulation test cases with new subcarrier spacing, i.e., 7.5 kHz and 1.25 kHz, need to be defined separately for the mixed and dedicated FeMBMS cells. For an UE supporting PMCH reception from both type of cells, testing one set of scenarios with either mixed or dedicated FeMBMS cells should be sufficient.
Proposal 2. For test applicability, FeMBMS PMCH demodulation test for new subcarrier spacing should be defined separately for the cases with mixed and dedicated FeMBMS carrier.

In case of the dedicated FeMBMS carrier, there could be some receive-only UE which does not fully support the legacy LTE operation, but can only receive PMCH from dedicated FeMBMS carrier. For such UE, existing PMCH demodulation test based on non-FeMBMS carrier may not be applicable. Therefore, in order to ensure sufficent test coverage for such device, additional PMCH demodulation tests with 15 kHz subcarrier spacing needs to be defined for dedicated FeMBMS carrier. An UE supporting legacy PMCH reception based on 15 kHz subcarrier spacing from non-FeMBMS carrier may not need to run these additional tests.
Proposal 3. For mixed FeMBMS/unicst cell, define FeMBMS PMCH demodulation test sets with new subcarrier spacing and 80% MBSFN subframe allocation, as shown in Table 2.1.3.

Proposal 4. For dedicated FeMBMS cell, define FeMBMS PMCH demodulation test sets with new subcarrier spacing and 80% MBSFN subframe allocation, as shown in Test 1-3 in Table 2.1.4

Proposal 5. For receive-only device, additionally define FeMBMS PMCH demodulation test set with 15 kHz subcarrier spacing for dedicated FeMBMS cell, as shown in Test 4-6 in Table 2.1.4
Table 2.1.1: Common Test Parameters (FDD)

	Parameter
	Unit
	Value

	Number of HARQ processes
	Processes
	None

	Allocated PMCH subframes per Radio Frame (Note 1)
	
	8 subframes

	Number of OFDM symbols for PDCCH in non-MBSFN subframes
	
	2

	Number of OFDM symbols for PDCCH in MBSFN subframes
	
	0 or 2 (Note 2)

	Note 1:
Up to 8 subframes (#1/2/3/4/6/7/8/9) are available for
                 MBMS, in line with TS 36.331.
Note 2:     0 for 1.25/7.5kHz numerology, and 2 for 15kHz numerology


Table 2.1.2: Test Parameters for Testing (FDD)
	Parameter
	Unit
	PCell
	Non-Serving Cell or SCell
(non-MBSFN subframe)
	Non-Serving Cell or SCell
(MBSFN subframe)

	Downlink power allocation
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	dB
	0
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	0
	0
	0

	Subcarrier Spacing
	kHz
	15
	15
	1.25/7.5/15 (Note 2)

	PMCH reception
	
	N
	N
	Y
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	dBm/15kHz
	-98 
	-98
	-98

	Note 1:
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Note 2:      PMCH EPRE in the MBSFN subframe is in the unit of dBm/subcarrier_spacing, and is X dB lower than CRS EPRE in the non-MBSFN subframe, where X is 0, 3, and 10.8 for 15, 7.5, and 1.25kHz numerology, respectively. 
  


Table 2.1.3: Minimum performance test set (mixed FeMBMS/unicast carrier)
	Cell type
	Test number
	Bandwidth
	PMCH Reference Channel 
	MBSFN Subframe Subcarrier Spacing
	Propagation

condition
	Correlation Matrix and antenna
	Reference value
	MBMS UE Category

	
	
	
	
	
	
	
	BLER (%)
	SNR(dB)
	

	Pcell
	
	10 MHz
	No PDSCH 

No PMCH 
	N/A
	EPA5
	1x2 low
	N/A
	N/A
	

	FeMBMS SCell
	1
	10 MHz
	16QAM 1/2
	1.25 kHz
	New MBSFN Channel w/ >100us delay spread
	1x2 low
	1
	TBD
	≥1

	
	2
	10 MHz
	64QAM 2/3
	1.25 kHz
	
	
	
	TBD
	≥2

	
	3
	10 MHz
	16QAM 1/2
	7.5 kHz
	MBSFN channel model (Table B.2.6-1 [2])
	
	
	TBD
	≥1

	FeMBMS Non-Serving Cell
	1a

(Note 1)
	10 MHz
	16QAM 1/2
	1.25 kHz
	New MBSFN Channel w/ >100us delay spread
	1x2 low
	1
	TBD
	≥1

	
	2a

(Note 1)
	10 MHz
	64QAM 2/3
	1.25 kHz
	
	
	
	TBD
	≥2

	
	3a

(Note 1)
	10 MHz
	16QAM 1/2
	7.5 kHz
	MBSFN channel model (Table B.2.6-1 [2])
	
	
	TBD
	≥1

	Note 1: Optional if UE supports CA with Scell on the mixed FeMBMS/unicast carrier 


Table 2.1.4: Minimum performance test set (dedicated FeMBMS carrier)
	Cell type
	Test number
	Bandwidth
	PMCH Reference Channel 
	MBSFN Subframe Subcarrier Spacing
	Propagation

condition
	Correlation Matrix and antenna
	Reference value
	MBMS UE Category

	
	
	
	
	
	
	
	BLER (%)
	SNR(dB)
	

	Pcell
	
	10 MHz
	No PMCH, No PDSCH 
	N/A
	EPA5
	1x2 low
	N/A
	N/A
	

	FeMBMS Non-Serving Cell
	1
	10 MHz
	16QAM 1/2
	1.25 kHz
	New MBSFN Channel w/ >100us delay spread
	1x2 low
	1
	TBD
	≥1

	
	2
	10 MHz
	64QAM 2/3
	1.25 kHz
	
	
	
	TBD
	≥2

	
	3
	10 MHz
	16QAM 1/2
	7.5 kHz
	MBSFN channel model (Table B.2.6-1 [2])
	
	
	TBD
	≥1

	
	4

(Note 1)
	10 MHz 
	16QAM 1/2
	15 kHz
	
	
	
	TBD
	≥1

	
	5 

(Note 1)
	5 MHz


	16QAM 1/2
	15 kHz
	
	
	
	TBD
	≥1

	
	6 

(Note 1)
	3 MHz


	QPSK 1/3
	15 kHz
	
	
	
	TBD
	≥1

	Note 1:  Optional if UE supports PMCH reception from non-FeMBMS carrier


2.2. MBSFN channel model for FeMBMS
In [1], we have proposed to define a new MBSFN propagation channel model for PMCH demodulation test with 1.25 kHz subcarrier spacing, and re-use existing MBSFN propagation channel model with up to 33.33us excess delay spread for the same with 7.5 kHz subcarrier spacing. 
In particular, for the new channel model for 1.25 kHz subcarrier spacing, we proposed to modify the existing three-EVA cluster-based MBSFN channel profile by scaling up the inter-cluster delay by c (=4) times, where the factor of 4 is from 

[image: image5.wmf]4

5

.

7

30

,

33

.

33

200

min

_

_

_

_

_

_

_

_

,

min

25

.

1

5

.

7

5

.

7

25

.

1

=

÷

ø

ö

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

kHz

kHz

us

us

symbol

per

spacing

RS

MBSFN

symbol

per

spacing

RS

MBSFN

CPlength

CPlength

c

kHz

kHz

kHz

kHz


Proposal 6. Use exisitng MBSFN propagation channel profile with max 33.33us excess delay, as defined in Table B.2.6-1 in TS36.101, for PMCH demodulation test with 7.5 kHz subcarrier spacing.
Proposal 7. Define a new MBSFN propagation channel profile with larger excess delay spread for PMCH demodulation test with 1.25 kHz subcarrier spacing.
Proposal 8. Define a new MBSFN propagation channel for 1.25 kHz subcarrier spacing by four times scaling the inter-cluster delay of existing three-EVA cluster model, as shown in Table 2.2.1.
Table 2.2.1: MBSFN progapagation channel profile for FeMBMS with 1.25 kHz subcarrier spacing
	Further Extended Delay Spread

	Maximum Doppler frequency [5Hz]

	Relative Delay [ns]
	Relative Mean Power [dB]

	0
	0

	30
	-1.5

	150
	-1.4

	310
	-3.6

	370
	-0.6

	1090
	-7.0

	49960
	-10

	49990
	-11.5

	50110
	-11.4

	50270
	-13.6

	50330
	-10.6

	51050
	-17.0

	109960
	-20

	109990
	-21.5

	110110
	-21.4

	110270
	-23.6

	110330
	-20.6

	111050
	-27.0


Figure 2.2.1 and 2.2.2 shows the BLER performance of PMCH transmission with 1.25 kHz subcarrier spacing for different 16QAM and 64QAM MCS levels in the MBSFN propagation channel as specified in Table 2.2.1. It is observed that the test configuration with MCS13 and MCS22 lead to the similar 1%-BLER target SNR as the legacy PMCH demodulation test, i.e., ~11dB SNR for 16QAM and ~20dB for 64QAM.
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Figure 2.2.1 PMCH BLER performance for 1.25 kHz subcarrier spacing with different 16QAM MCS levels (MBSFN propagation channel from Table 2.2.1)
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Figure 2.2.2 PMCH BLER performance for 1.25 kHz subcarrier spacing with different 64QAM MCS levels (MBSFN propagation channel from Table 2.2.1)
 Observation 1. For PMCH demodulation test with 1.25 kHz subcarrier spacing at 10MHz bandwidth, MCS13 and MCS22 for 16QAM and 64QAM test respectively, lead to the 1% BLER target SNR comparable to that of legacy PMCH demodulation test with 15 kHz numerology.
Figure 2.2.3 shows the BLER performance of PMCH transmission with 7.5 kHz subcarrier spacing for different MCS levels, along with legacy PMCH transmission with 15 kHz subcarrier spacing. It is observed that 7.5 kHz-based PMCH with MCS23 achieves the similar BLER performance as 15 kHz-based PMCH with MCS20. This is due to that 7.5kHz-based PMCH transmission benefits from both the lower code rate from the increased number of PMCH REs and the improved channel estimation quality from the wider CP length. 
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Figure 2.2.3. PMCH BLER performance for 7.5/15 kHz subcarrier spacing with different MCS (Number of OFDM symbols in non-MBSFN region is 2 in 15 kHz case, and 0 in 7.5 kHz case)
Observation 2. For 64QAM test at 10 MHz bandwidth, target SNR for 1% BLER is comparable between the 15 kHz-based PMCH test at MCS20 and the 7.5 kHz-based PMCH test with MCS23 

2.3. MBSFN awareness test configuration for FeMBMS carrier
In [1], we have proposed to define a modified PDSCH demodulation test with MBSFN-awareness for an UE supporting unicast PDSCH reception from mixed FeMBMS/unicast cell. The purpose of the test is to verify that an UE correctly modifies its channel estimation in accordance with the increased MBSFN subframe allocation per radio frame and the new MBSFN subframe structures without any non-MBSFN region. Since the mixed FeMBMS cell can only be used as Scell, the correponding MBSFN-awareness PDSCH demodulation test should be defined in CA context.
Proposal 9. For CA scenario, define a new single PRB unicast PDSCH demodulation test in the presence of MBSFN for mixed FeMBMS/unicast carrier, where

· Mixed FeMBMS/unicast cell is configured as Scell, and

· In Scell, subframes other than 0/5 are MBSFN subframes without any non-MBSFN control region
Detailed test parameters are presented in the Table 2.3.1, 2.3.2, 2.3.3, and 2.3.4.
Table 2.3.1: Test Parameters for Testing 1 PRB allocation

	Parameter
	Unit
	Test 1

	Downlink power allocation
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	Symbols for MBSFN portion of MBSFN subframes (NOTE 2)
	
	OCNG (NOTE 3)

	PDSCH transmission mode
	
	1

	NOTE 1:
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NOTE 2:
The MBSFN portion of an MBSFN subframe comprises the whole MBSFN subframe
NOTE 3:
The MBSFN portion of the MBSFN subframes shall contain QPSK modulated data. Cell-specific reference signals are not inserted in the MBSFN portion of the MBSFN subframes, QPSK modulated MBSFN data is used instead.


Table 2.3.2: Minimum performance 1PRB (FRC)

	Test number
	Cell Type
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	Pcell
	10 MHz
	NoPDSCH Scheduling
	OP.1 FDD
	ETU70
	1x2 Low
	N/A
	N/A
	≥1


	
	Scell 
	10 MHz
	R.29-1 FDD
	OP.FeMBMS FDD
	ETU70
	1x2 Low
	30
	TBD
	


Table 2.3.3: Fixed Reference Channel Single PRB (MBSFN Configuration)

	Parameter
	Unit
	Value

	Reference channel
	
	R.29-1 FDD (MBSFN)

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	1

	MBSFN Configuration (Note 4)
	
	111111

	MBSFN Configuration-r14 (Note 5)
	
	11

	Allocated subframes per Radio Frame
	
	1

	Modulation
	
	16QAM

	Target Coding Rate
	
	1/2

	Information Bit Payload
	
	

	  For Sub-Frames 4,9
	Bits
	0 (MBSFN)

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	256

	  For Sub-Frame 1,2,3,6,7,8
	Bits
	0 (MBSFN)

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	

	  For Sub-Frames 4,9
	
	0 (MBSFN)

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	1

	  For Sub-Frame 1,2,3,6,7,8
	
	0 (MBSFN)

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 4,9
	Bits
	0 (MBSFN)

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	552

	  For Sub-Frame 1,2,3,6,7,8
	Bits
	0 (MBSFN)

	Max. Throughput averaged over 1 frame
	kbps
	25.6

	UE Category
	
	≥ 1

	Note 1:
2 symbols allocated to PDCCH in non-MBSFN subframes
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 4:
MBSFN Subframe Allocation as defined as MBSFN-SubframeConfig IE in [7], one frame with 6 bits is chosen for MBSFN subframe allocation
Note 5:     MBSFN Subframe Allocation as defined as MBSFN-SubframeConfig-v14xy IE in [7], one frame with 2 bits is chosen for MBSFN subframe allocation 


Table 2.3.4: OP.FeMBMS FDD: OCNG FDD Pattern in the presence of FeMBMS MBSFN transmission 

	Allocation
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	PDSCH Data
	PMCH Data

	
	Subframe
	
	

	
	0
	5
	1 – 4, 6 – 9
	
	

	1 – 49
	0
	0
(Allocation: all empty PRB-s)
	N/A
	Note 1
	N/A



	0 – 49
	N/A
	N/A
	0 (Note 4)
	N/A
	Note 2

	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 based on 15kHz subcarrier spacing. The parameter
[image: image15.wmf]PRB

g

is used to scale the power of PDSCH.

Note 2:
Each physical resource block (PRB) is assigned to MBSFN transmission. The data in each PRB shall be uncorrelated with data in other PRBs over the period of any measurement. The MBSFN data shall be QPSK modulated and transmitted based on 1.25kHz subcarrier spacing. PMCH subframes shall not contain any cell-specific Reference Signals. The parameter
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Note 3: 
If two or more transmit antennas are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas according to transmission mode 2. The transmit power shall be equally split between all the transmit antennas used in the test. The antenna transmission modes are specified in section 7.1 in 3GPP TS 36.213.
Note 4:     PMCH EPRE (in dBm/1.25kHz) in MBSFN subframes is configured as 10.8 dB(=10*log10(12)) lower than CRS EPRE (in dBm/15kHz) in non-MBSFN subframes
N/A:
Not Applicable


3. Conclusion

In this contribution, we proposed more PMCH/PDSCH demodulation tests required for FeMBMS feature, including more detailed test configuration and new MBSFN channel propagation model. Preliminary simulation results based on the proposed test configuration/channel model are also presented.
A list of proposals in this paper is summarized as below.

Proposal 1. Define FeMBMS PMCH demodulation tests where UE is configured with Pcell, and 

· For the mixed FeMBMS/unicast carrier, additionally configured with FeMBMS Scell from which UE receives PMCH

· For the dedicated FeMBMS carrier, additionally receiving PMCH from FeMBMS non-serving cell
Proposal 2. FeMBMS PMCH demodulation test for new subcarrier spacing should be defined separately for the cases with mixed and dedicated FeMBMS carrier.

Proposal 3. For mixed FeMBMS cell, define FeMBMS PMCH demodulation test sets with new subcarrier spacing and 80% MBSFN subframe allocation, as shown in Test 1-3 in Table 2.1.3.

Table 2.1.3: Minimum performance test set (mixed FeMBMS/unicast carrier)
	Cell type
	Test number
	Bandwidth
	PMCH Reference Channel 
	MBSFN Subframe Subcarrier Spacing
	Propagation

condition
	Correlation Matrix and antenna
	Reference value
	MBMS UE Category

	
	
	
	
	
	
	
	BLER (%)
	SNR(dB)
	

	Pcell
	
	10 MHz
	No PDSCH 

No PMCH 
	N/A
	EPA5
	1x2 low
	N/A
	N/A
	

	FeMBMS SCell
	1
	10 MHz
	16QAM 1/2
	1.25 kHz
	New MBSFN Channel w/ >100us delay spread
	1x2 low
	1
	TBD
	≥1

	
	2
	10 MHz
	64QAM 2/3
	1.25 kHz
	
	
	
	TBD
	≥2

	
	3
	10 MHz
	16QAM 1/2
	7.5 kHz
	MBSFN channel model (Table B.2.6-1)
	
	
	TBD
	≥1

	FeMBMS Non-Serving Cell
	1a

(Note 1)
	10 MHz
	16QAM 1/2
	1.25 kHz
	New MBSFN Channel w/ >100us delay spread
	1x2 low
	1
	TBD
	≥1

	
	2a

(Note 1)
	10 MHz
	64QAM 2/3
	1.25 kHz
	
	
	
	TBD
	≥2

	
	3a

(Note 1)
	10 MHz
	16QAM 1/2
	7.5 kHz
	MBSFN channel model (Table B.2.6-1)
	
	
	TBD
	≥1

	Note 1: Not required if UE supports CA with Scell on the mixed FeMBMS/unicast carrier 


Proposal 4. For dedicated FeMBMS cell, define FeMBMS PMCH demodulation test sets with new subcarrier spacing and 80% MBSFN subframe allocation, as shown in Test 1-3 in Table 2.1.4

Proposal 5. For receive-only device, additionally define FeMBMS PMCH demodulation test set with 15kHz subcarrier spacing for dedicated FeMBMS cell, as shown in Test 4-6 in Table 2.1.4

Table 2.1.4: Minimum performance test set (dedicated FeMBMS carrier)
	Cell type
	Test number
	Bandwidth
	PMCH Reference Channel 
	MBSFN Subframe Subcarrier Spacing
	Propagation

condition
	Correlation Matrix and antenna
	Reference value
	MBMS UE Category

	
	
	
	
	
	
	
	BLER (%)
	SNR(dB)
	

	Pcell
	
	10 MHz
	No PMCH, No PDSCH 
	N/A
	EPA5
	1x2 low
	N/A
	N/A
	

	FeMBMS Non-Serving Cell
	1
	10 MHz
	16QAM 1/2
	1.25 kHz
	New MBSFN Channel w/ >100us delay spread
	1x2 low
	1
	TBD
	≥1

	
	2
	10 MHz
	64QAM 2/3
	1.25 kHz
	
	
	
	TBD
	≥2

	
	3
	10 MHz
	16QAM 1/2
	7.5 kHz
	MBSFN channel model (Table B.2.6-1)
	
	
	TBD
	≥1

	
	4

(Note 1)
	10 MHz 
	16QAM 1/2
	15 kHz
	
	
	
	TBD
	≥1

	
	5 

(Note 1)
	5 MHz


	16QAM 1/2
	15 kHz
	
	
	
	TBD
	≥1

	
	6 

(Note 1)
	3 MHz


	QPSK 1/3
	15 kHz
	
	
	
	TBD
	≥1

	Note 1:  Not required if UE supports PMCH reception from non-FeMBMS carrier


Proposal 6. Use exisitng MBSFN propagation channel profile with max 33.33us excess delay for PMCH demodulation test with 7.5 kHz subcarrier spacing

Proposal 7. Define a new MBSFN propagation channel profile with larger excess delay spread for PMCH demodulation test with 1.25 kHz subcarrier spacing
Proposal 8. Define a new MBSFN propagation channel for 1.25 kHz subcarrier spacing by four times increasing inter-cluster delay of existing three-EVA cluster model

Proposal 9. For CA scenario, define a new single PRB unicast PDSCH demodulation test in the presence of MBSFN for mixed FeMBMS/unicast carrier, where

· Mixed FeMBMS/unicast cell is configured as Scell, and

· In Scell, subframes other than 0/5 are MBSFN subframes without any non-MBSFN control region
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