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1. Introduction
Core specification for Rel-14 eMBMS enhancements for LTE, FeMBMS, has been recently completed by RAN1 and RAN4 needs to establish the corresponding UE performance requirements and the test procedures. 
In RAN4 #82 meeting, the key design changes/enhancements introduced in FeMBMS were reviewed [1], and the corresponding discussion on UE RRM requirement for FeMBMS has started.

In this contribution, we discuss the impact of FeMBMS feature on the UE receiver PMCH/PDSCH demodulation performance requirements. 
2. Discussion

2.1. FeMBMS Feature Summary
In the previous RAN4 #82 meeting, the key eMBMS enhancement features introduced in FeMBMS were reviewed [1], which are further summarized in the below Table 1 and Table 2.

Table 1 MBSFN subframe allocation and numerology supported in FeMBMS/non-FeMBMS carrier
	
	Legacy eMBMS carrier
	FeMBMS carrier

	
	
	Mixed unicast/MBMS
	Dedicated MBMS

	Subframe allowed for MBSFN transmission
	#1,2,3,6,7,8 (FDD)

#3,4,7,8,9 (TDD)
	#1,2,3,4,6,7,8,9 (FDD)

No TDD support
	#0*,1,2,3,4,5,6,7,8,9 (FDD)

No TDD support

	Numerology supported in MBSFN subframe
	15kHz
	1.25kHz, 7.5kHz, 15kHz
	1.25kHz, 7.5kHz, 15kHz

	*: Except the subframe assigned for Cell Acquisition Subframe (CAS)


 Table 2 MBSFN subframe comparison for different numerology
	
	MBSFN subframe description

	Numerology
	15kHz
	7.5kHz
	1.25kHz

	CP Length
	16.66us
	33.33us
	200us

	RS spacing per symbol
	30kHz
	30kHz
	7.5kHz

	RS pattern
	single pattern across all SF’s
	single pattern across all SF’s
	alternating pattern with 3 tone offset for even/odd SF

	OFDM symbols per subframe
	12
	6
	1

	Unicast control region in MBSFN subframe
	Up to 2 OFDM symbols 
	
No
	No


2.2. MBSFN Propagation Channel Model

Maximum channel delay spread under which UE can operate with reliable performance depends on the CP length and the RS density in frequency domain. In the current reference MBSFN propagation channel model [Table B.2.6-1, 2], the maximum excess path delay is set to 28.580us, considering the MBSFN CP length of 33.33us and the per-symbol MBSFN-RS spacing of 30kHz. Existing MBSFN reference channel, however, may not be suitable for verifying UE performance in FeMBMS scenario where a UE should be able to operate reliably under much severer channel delay spread. In particular, as shown in Table 2, UE supporting FeMBMS with 1.25kHz numerology can benefit from wider CP length of 200us and the four times denser per-symbol MBSFN-RS spacing of 7.5kHz, and is expected to reliably cope with the channel delay spread up to 133us.
Observation 1. For MBSFN transmission with 1.25kHz numerology, new reference MBSFN propagation channel profile with larger channel delay spread needs to be defined.
Proposal 1. Define a new MBSFN propagation channel profile for 1.25kHz numerology by modifying the existing MBSFN reference channel such that the excess path delay of 2nd and 3rd cluster is scaled up by a factor of four in accordance with the increased MBSFN-RS density in frequency domain.
Table 3 Proposed MBSFN propagation channel profile for individual numerology 
	Maximum Doppler frequency [5Hz]

	Relative Delay [ns]
	Relative Mean Power [dB]

(1.25k/7.5k/15kHz numerology)

	Extended 
Delay Spread [2]
(7.5k/15kHz numerology)
	Further Extended 
Delay Spread
(1.25kHz numerology)
	

	0
	0
	0

	30
	30
	-1.5

	150
	150
	-1.4

	310
	310
	-3.6

	370
	370
	-0.6

	1090
	1090
	-7.0

	12490
	49960
	-10

	12520
	50080
	-11.5

	12640
	50560
	-11.4

	12800
	51200
	-13.6

	12860
	51440
	-10.6

	13580
	54320
	-17.0

	27490
	109960
	-20

	27520
	110080
	-21.5

	27640
	110560
	-21.4

	27800
	111200
	-23.6

	27860
	111440
	-20.6

	28580
	114320
	-27.0


It is observed that UE may potentially handle even larger channel delay spread of 267us by combining MBSFN RS between the adjacent subframes. However, it is not always guaranteed that PMCH transmission is scheduled in a pair of adjacent MBSFN subframes, and it is preferrable for RAN4 requirement and the corresponding reference channel not to be defined based on the opportunistic scenario.
2.3. PMCH Demod Test Framework
Current MBMS demodulation performance requirement and test case is defined only for 15kHz numerology. Since the new MBSFN subframe types with 7.5kHz and 1.25kHz numerologies is introduced in FeMBMS, corresponding demodulation requirement and the test cases need to be defined for individual numerology. MBSFN propagation channel profile for the new test cases should be able to reflect the typical use case of individual numerology based on their respective MBSFN-RS density and CP length.

For the same numerology type, the demodulation performance tests for the dedicated and non-dedicated FeMBMS carrier should be defined separately since a UE supporting the non-dedicated FeMBMS carrier may not support the dedicated FeMBMS carrier and vice versa.

Furthermore, considering overall RAN4 work load, it is desirable to limit the total number of different combinations of numerology, modulation scheme, and the system bandwidth to be tested for FeMBMS. In particular, we propose the following approach in defining the test cases for FeMBMS.

1) No new test cases for non-dedicated FeMBMS carrier with 15kHz numerology

A UE supporting MBMS reception from the non-dedicated FeMBMS carrier should also supports MBMS reception from the non-FeMBMS carrier. For MBSFN subframe with 15kHz numerology, only difference between non-dedicated FeMBMS carrier and non-FeMBMS carrier is the increased number of MBSFN subframe per radio frame. However, UE’s PMCH demodulation performance per individual MBSFN subframe would not change from one MBSFN subframe scheduling rate to the other.

2) Define the test cases with modulation/system bandwidth sweep only for 15kHz numerology
Given that total number of PMCH RE’s available in each MBSFN subframe is comparable across different numerology, defining the combinatorial set of test cases for different modulation order/system bandwidth for individual numerology can be redundant. Therefore, we suggest to define such combinatorial test cases only for 15kHz numerology which should always be supported by the UE supporting FeMBMS regardless of the UE’s supportability on other numerologies.
3) Define the test cases with 10MHz and 16/64QAM for 1.25kHznumerology

Denser sub-carrier spacing in 1.25kHz/7.5kHz numerology is in general more vulnerable to the carrier frequency offset, whose impact could be more pronounced in the MBSFN transmission with high modulation order. Considering the RAN4 work load, it would be desirable to capture only the worst case scenario, with higher modulation orders and the narrowest sub-carrier spacing with 1.25kHznumerology.
Below table summarizes our proposal for PMCH demodulation test framework for FeMBMS.

Proposal 2. Define new PMCH demodulation tests for 1.25kHz for both non-dedicated and dedicated FeMBMS carrier, and additionally define new PMCH demodulation tests with bandwidth/MCS sweep for 15kHz for dedicated FeMBMS as shown in Table 4.
Table 4. Proposed FeMBMS PMCH Demod Performance Test Plan
	Deployment Type
	Numerology
	MBSFN Propagation Channel Delay Spread in [Table 3]
	Allocated subframes per radio frame
	Modulation
	MBMS UE Cat
	System BW

	Non-dedicated FeMBMS Carrier mixed with Unicast
	15kHz
	No new test for FeMBMS. Refer to existing non-FeMBMS FDD test case.

	
	1.25kHz


	Further Extended 


	8


	16QAM
	≥1
	10

	
	
	
	
	64QAM
	≥2
	10

	Dedicated FeMBMS Carrier
	15kHz
	Extended 
	10 (NOTE1)
	QPSK
	≥1
	10

	
	
	
	
	16QAM
	≥1
	10

	
	
	
	
	64QAM
	≥2
	10

	
	
	
	
	64QAM
	≥1
	5

	
	
	
	
	QPSK
	≥1
	1.4

	
	1.25kHz
	Further Extended 
	10 (NOTE1)
	16QAM
	≥1
	10

	
	
	
	
	64QAM
	≥2
	10

	NOTE1: Except the subframes used for CAS


2.4. Unicast PDSCH Demod Test Framework

In the mixed FeMBMS/unicast scenario, non-MBSFN subframes in a FeMBMS carrier can be used for the unicast PDSCH transmission of Scell. 

When the unicast transmission on the FeMBMS carrier is self-scheduled, the use of MBSFN subframe with 1.25kHz or 7.5kHz numerology is precluded, and the only difference is the reduced number of non-MBSFN subframes (or the reduced number of CRS symbols per radio frame available for FTL/TTL/AGC loop). When the unicast transmission in the FeMBMS carrier is cross-carrier scheduled, the available number of CRS symbols would be further reduced since MBSFN subframes with non-15kHz numerology shall not contain any CRS symbol.

Observation 2. For FeMBMS carrier, the existing single PRB unicast PDSCH performance test in the presence of MBSFN transmission needs to be modified according to the new worst case CRS symbol availability, i.e., 80% MBSFN subframe allocation without any CRS symbols in the MBSFN subframe.
Unicast PDSCH transmission based on transmission mode 9 or 10 in a MBSFN subframes not used for MCH is still supported in the FeMBMS carrier in the mixed unicast/MBMS mode. However, in terms of UE behaviour in receiving unicast PDSCH in the MBSFN subframe, there would be no difference between FeMBMS and legacy non-FeMBMS carrier.

Proposal 3. No new demodulation requirement/test for PDSCH reception in MBSFN subframes is needed for FeMBMS carrier
Proposal 4. For unicast PDSCH demodulation test with MBSFN awareness, extend the existing single carrier single PRB allocation test to the CA scenario with the increasd MBSFN subframes allocation of 80% as shown in Table 5, where SCell is on the non-dedicated FeMBMS carrier.
Table 5 Proposed Unicast PDSCH demod performance test plan in the presence of FeMBMS MBSFN
	Parameter
	Unit
	Test 1

	Downlink power allocation
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	Symbols for MBSFN portion of MBSFN subframes 
(NOTE 2)
	
	OCNG (NOTE3)

	PDSCH transmission mode of PCell
	
	1

	PDSCH tramsmission mode of SCell
	
	1

	Numerology in the MBSFN subframe in SCell
	
	1.25kHz

	NOTE 1:
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NOTE 2:
The MBSFN portion of an MBSFN subframe comprises the entire 1ms MBSFN subframe with 1.25kHz numerology.
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 6 : Minimum performance 1PRB (FRC) for unicast PDSCH in the presence of FeMBMS MBSFN
	Test number
	CC
	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
	No PDSCH
	OP.1 FDD
	AWGN
	1x2 Low
	N/A
	N/A
	≥1

	
	SCell
	10 MHz
	R.29 FDD
	OP.FeMBMS FDD
	ETU70
	1x2 Low
	30
	TBD
	≥1


Table 7 : OP.FeMBMS FDD: OCNG FDD Pattern in the presence of FeMBMS MBSFN transmission with 1.25kHz numerology
	Allocation
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 [dB]
	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
	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. The parameter
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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 using 1.25kHz numerology. PMCH subframes shall not contain any cell-specific Reference Signals. The parameter
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is used to scale the power of PMCH.

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.

N/A:
Not Applicable


3. Conclusion

In this contribution, we discuss the impact of FeMBMS feature on the UE receiver PMCH/PDSCH demodulation performance requirements, and proposed the new MBSFN propagation channel model, and the test framework for PMCH/PDSCH demodulation test for FeMBMS carrier. The list of observations and proposals made in this paper is summarized as follows.
Observation 1. For MBSFN transmission with 1.25kHz numerology, new reference MBSFN propagation channel profile with larger channel delay spread needs to be defined.

Observation 2. For FeMBMS carrier, the existing single PRB unicast PDSCH performance test in the presence of MBSFN transmission needs to be modified according to the new worst case CRS symbol availability, i.e., 80% MBSFN subframe allocation without any CRS symbols in the MBSFN subframe.
Proposal 1. Define a new MBSFN propagation channel profile for 1.25kHz numerology by modifying the existing MBSFN reference channel such that the excess path delay of 2nd and 3rd cluster is scaled up by a factor of four in accordance with the increased MBSFN-RS density in frequency domain.

Proposal 2. Define new PMCH demodulation tests for 1.25kHz for both non-dedicated and dedicated FeMBMS carrier, and additionally define new PMCH demodulation tests with bandwidth/MCS sweep for 15kHz for dedicated FeMBMS as shown in Table 4.

Proposal 3. No new demodulation requirement/test for PDSCH reception in MBSFN subframes is needed for FeMBMS carrier.
Proposal 4. For unicast PDSCH demodulation test with MBSFN awareness, extend the existing single carrier single PRB allocation test to the CA scenario with the increasd MBSFN subframes allocation of 80% as shown in Table 5, where SCell is on the non-dedicated FeMBMS carrier.
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