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1. Introduction
In FeMBMS, two new subcarrier spacings of 1.25kHz and 7.5kHz are introduced. Since the MBSFN RSRP is defined as the linear average of power contributions of the resource elements carrying MBSFN reference signals, such subcarrier spacing change would require revising the existing MBSFN measurement requirement for FeMBMS.

In this paper, we propose the necessary modification on the MBSFN measurement requirement for FeMBMS with new subcarrier spacings.
2. Discussion

Per TS36.214 [1], MBSFN RSRP is defined as the linear average of power contributions of the resource elements carrying MBSFN reference signal, which is represented in the unit of dBm/15kHz in the legacy eMBMS. 
MBSFN Reference Signal Received Power (MBSFN RSRP) [1]

	Definition
	MBSFN Reference signal received power (MBSFN RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry MBSFN reference signals within the considered measurement frequency bandwidth. 

For MBSFN RSRP determination the MBSFN reference signals R4 according to TS 36.211 [3] shall be used. 

The reference point for the MBSFN RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding MBSFN RSRP of any of the individual diversity branches.


Following the same defintion, for FeMBMS carrier with 1.25 or 7.5 kHz numerology, MBSFN RSRP should be represented in the unit of dBm/1.25kHz or dBm/7.5kHz.

Proposal 1. MBSFN RSRP unit is given by dBm/1.25kHz and dBm/7.5kHz for 1.25 kHz and 7.5 kHz numerology, respectively.
Below table shows the key MBSFN parameter comparison across the three different subcarrier spacings.
Table 1 MBSFN RS difference [2]
	MBSFN numerology
	15 kHz
	7.5 kHz
	1.25 kHz 

	MBSFN RSRP unit
	dBm/15kHz
	dBm/7.5kHz
	dBm/1.25kHz

	MBSFN RS REs per OFDM symbol containing MBSFN RS 
	6
	6
	24

	Number of OFDM symbols with MBSFN RS per subframe
	3
	3
	1

	Total number of MBSFN RS REs in one subframe
	18
	18
	24

	Core MBSFN symbol length
	66.67us
	133.33us
	800us


For a given CRS RSRP level (in the unit of dBm/15kHz), the legacy test cases for MBSFN measurement requirement are defined under the condition that the MBSFN RSRP (in dBm/15kHz) is the same as CRS RSRP. Assuming the same per-Hz MBSFN RS power density continues to apply for different numerologies, MBSFN RSRP and CRS RSRP relation can be configured as
MBSFN RSRP|dBm/15kHz = RSRP|dBm/15kHz,
















(C0)

MBSFN RSRP|dBm/7.5kHz = RSRP|dBm/15kHz – 10∙log10(15kHz/7.5kHz), 








(C1)
MBSFN RSRP|dBm/1.25kHz = RSRP|dBm/15kHz – 10∙log10(15kHz/1.25kHz), 








(C2)

for the individual subcarrier spacing. Then, from the condition of (C0)-(C2), and from the fact that the core symbol length is inversely proportional to the subcarrier spacing as shown in Table 1, we can see that overall energy (or SNR) per MBSFN RS RE remains constant across all three numerologies. 
Proposal 2. For MBSFN measurement test with the MBSFN subcarrier spacing of L (=1.25, 7.5, 15) kHz, MBSFN RSRP in dBm/(L)kHz is configured as

 MBSFN RSRP|dBm/(L)kHz = CRS RSRP|dBm/15kHz + 10∙log10(L/15)

Observation 1. For a given same per-Hz MBSFN RS power density, overall SNR per MBSFN RS RE remains identical regardless of the MBSFN numerology.
Compared to 15 kHz numerology, MBSFN subframes with 1.25 and 7.5 kHz numerology have comparable or larger number of MBSFN RS REs available for RSRP measurement in each subframe, and hence benefit from larger averaging gain. Therefore, for a same given SNR per MBSFN RS RE, our view is that the absolute measurement accuracy of the MBSFN RSRP should be no worse than that of 15 kHz.
Proposal 3. Same absolute MBSFN RSRP measurement accuracy requirement in dB defined for 15 kHz numerology contiues to apply for 1.25 and 7.5 kHz numerologies, provided that the condition of proposal 2 is satisfied.
Since the different subcarrier spacing leads to the different unit in MBSFN RSRP, the actual MBSFN RSRP measurement report mapping should be updated accordingly. Therefore, following (C0)-(C2), we propose to shift the RSRP report mapping according to the subcarrier spacing scaling with respect to the legacy eMBMS.
Proposal 4. For MBSFN RSRP measurement with the subcarrier spacing of L kHz, MBSFN RSRP measurement report mapping table is given by Table 2.

Table 2 MBSFN RSRP measurement report mapping under MBSFN subcarrier spacing of L kHz
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRP_00
	MBSFN_RSRP ( -140 + f(L)
	dBm / L kHz

	MBSFN_RSRP_01
	-140 + f(L) ( MBSFN_RSRP < -139 + f(L)
	dBm / L kHz

	MBSFN_RSRP_02
	-139 + f(L) ( MBSFN_RSRP < -138 + f(L)
	dBm / L kHz

	…
	…
	…

	MBSFN_RSRP_95
	-46 + f(L) ( MBSFN_RSRP < -45 + f(L)
	dBm / L kHz

	MBSFN_RSRP_96
	-45 + f(L) ( MBSFN_RSRP < -44 + f(L)
	dBm / L kHz

	MBSFN_RSRP_97
	-44 + f(L) ( MBSFN_RSRP
	dBm / L kHz

	Note 1:  f(L) = 10∙log10(L/15), e.g., -3 and -10.8 for 7.5kHz and 1.25kHz numerology.


MBSFN RSRQ is defined as the ratio of N× MBSFN RSRP/(MBSFN carrier RSSI), where N is the number of RBs of the MBSFN carrier RSSI measurement bandwidth. Since MBSFN carrier RSSI is defined as the linear average of the total received power in the OFDM symbols containing MBSFN RS, its measurement accuracy would not depend on the underlying numerology. Therefore, from the similar reasoning as in MBSFN RSRP, our view is that MBSFN RSRQ measurement accuracy for 1.25 or 7.5 kHz numerology would be no worse than that of 15kHz numerology.

Proposal 5. Same absolute MBSFN RSRQ measurement accuracy requirement in dB defined for 15 kHz numerology continues to apply for 1.25 and 7.5 kHz numerologies, provided that the condition of proposal 2 is satisfied

For actual MBSFN RSRQ report mapping, the upper and lower bound of the RSRQ measurement in the legacy eMBMS is defined based on no loading and no noise condition, and full loading with TPR = 0dB and SNR of -12dB, respectively. Following the same condition, the MBSFN RSRQ upperbound and lowerbound for 1.25 and 7.5 kHz subcarrier spacing can be given by Table 3.
Table 3 MBSFN RSRQ upper/lowerbound for different MBSFN numerology 
	
	15 kHz
	7.5 kHz
	1.25 kHz

	Upperbound, 
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 (Note 1)
	-7.8 dB 
	-7.8 dB 
	-13.8 dB 

	Lowerbound, 
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 (Note 2)
	-23.1 dB
	-26.1dB
	-33.8 dB

	Note 1: 
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Observation 2: MBSFN RSRQ for 1.25 kHz and 7.5 kHz numerology is upperbounded by -13.8 dB and -7.8 dB, respectively, under the condition of no loading and no noise
Observation 3: MBSFN RSRQ for 1.25 kHz and 7.5 kHz numerology is lowerrbounded by -33.8 dB and -26.1 dB, respectively, under the condition of full loading and SNR of -12dB
Proposal 6: For MBSFN RSRQ measurement with subcarrier spacing of 7.5 and 1.25 kHz, MBSFN RSRQ measurement report mapping table is given by Table 4 and 5, respectively

Table 4 MBSFN RSRQ measurement report mapping for MBSFN subcarrier spacing of 7.5 kHz
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRQ_00
	MBSFN_RSRQ ( -26.0
	dB

	MBSFN_RSRQ_01
	-26.0 ( MBSFN_RSRQ < -25.4
	dB

	MBSFN_RSRQ_02
	-25.4 ( MBSFN_RSRQ < -24.8
	dB

	…
	…
	…

	MBSFN_RSRQ_30
	-8.6 ( MBSFN_RSRQ < -8
	dB

	MBSFN_RSRQ_31
	-8 ( MBSFN_RSRQ
	dB


Table 5 MBSFN RSRQ measurement report mapping for MBSFN subcarrier spacing of 1.25 kHz
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRQ_00
	MBSFN_RSRQ ( -32
	dB

	MBSFN_RSRQ_01
	-32 ( MBSFN_RSRQ < -31.4
	dB

	MBSFN_RSRQ_02
	-31.4 ( MBSFN_RSRQ < -30.8
	dB

	…
	…
	…

	MBSFN_RSRQ_30
	-14.6 ( MBSFN_RSRQ < -14
	dB

	MBSFN_RSRQ_31
	-14 ( MBSFN_RSRQ
	dB


3. Conclusion

In this paper, we proposed the necessary modification on the MBSFN measurement requirement for FeMBMS with 1.25 and 7.5 kHz subcarrier spacing.

Observations and proposals presented in this paper is summarized as follows:

Proposal 1. MBSFN RSRP unit is given by dBm/1.25kHz and dBm/7.5kHz for 1.25 kHz and 7.5 kHz numerology, respectively.
Proposal 2. For MBSFN measurement test with the MBSFN subcarrier spacing of L (=1.25, 7.5, 15) kHz, MBSFN RSRP in dBm/(L)kHz is configured as

 MBSFN RSRP|dBm/(L)kHz = CRS RSRP|dBm/15kHz + 10∙log10(L/15)

Observation 1. For a given same per-Hz MBSFN RS power density, overall SNR per MBSFN RS RE remains identical regardless of the MBSFN numerology
Proposal 3. Same absolute MBSFN RSRP measurement accuracy requirement in dB defined for 15 kHz numerology contiues to apply for 1.25 and 7.5 kHz numerologies, provided that the condition of proposal 2 is satisfied.

Proposal 4. For MBSFN RSRP measurement with the subcarrier spacing of L kHz, MBSFN RSRP measurement report mapping table is given by Table 2.

Table 2 MBSFN RSRP measurement report mapping under MBSFN subcarrier spacing of L kHz
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRP_00
	MBSFN_RSRP ( -140 + f(L)
	dBm / L kHz

	MBSFN_RSRP_01
	-140 + f(L) ( MBSFN_RSRP < -139 + f(L)
	dBm / L kHz

	MBSFN_RSRP_02
	-139 + f(L) ( MBSFN_RSRP < -138 + f(L)
	dBm / L kHz

	…
	…
	…

	MBSFN_RSRP_95
	-46 + f(L) ( MBSFN_RSRP < -45 + f(L)
	dBm / L kHz

	MBSFN_RSRP_96
	-45 + f(L) ( MBSFN_RSRP < -44 + f(L)
	dBm / L kHz

	MBSFN_RSRP_97
	-44 + f(L) ( MBSFN_RSRP
	dBm / L kHz

	Note 1:  f(L) = 10∙log10(L/15)


Proposal 5. Same absolute MBSFN RSRQ measurement accuracy requirement in dB defined for 15 kHz numerology continues to apply for 1.25 and 7.5 kHz numerologies, provided that the condition of proposal 2 is satisfied

Observation 2: MBSFN RSRQ for 1.25 kHz and 7.5 kHz numerology is upperbounded by -13.8 dB and -7.8 dB, respectively, under the condition of no loading and no noise
Observation 3: MBSFN RSRQ for 1.25 kHz and 7.5 kHz numerology is lowerrbounded by -33.8 dB and -26.1 dB, respectively, under the condition of full loading and SNR of -12dB
Proposal 6: For MBSFN RSRQ measurement with subcarrier spacing of 7.5 and 1.25 kHz, MBSFN RSRQ measurement report mapping table is given by Table 4 and 5, respectively

Table 4 MBSFN RSRQ measurement report mapping for MBSFN subcarrier spacing of 7.5 kHz
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRQ_00
	MBSFN_RSRQ ( -26.0
	dB

	MBSFN_RSRQ_01
	-26.0 ( MBSFN_RSRQ < -25.4
	dB

	MBSFN_RSRQ_02
	-25.4 ( MBSFN_RSRQ < -24.8
	dB

	…
	…
	…

	MBSFN_RSRQ_30
	-8.6 ( MBSFN_RSRQ < -8
	dB

	MBSFN_RSRQ_31
	-8 ( MBSFN_RSRQ
	dB


Table 5 MBSFN RSRQ measurement report mapping for MBSFN subcarrier spacing of 1.25 kHz
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRQ_00
	MBSFN_RSRQ ( -32
	dB

	MBSFN_RSRQ_01
	-32 ( MBSFN_RSRQ < -31.4
	dB

	MBSFN_RSRQ_02
	-31.4 ( MBSFN_RSRQ < -30.8
	dB

	…
	…
	…

	MBSFN_RSRQ_30
	-14.6 ( MBSFN_RSRQ < -14
	dB

	MBSFN_RSRQ_31
	-14 ( MBSFN_RSRQ
	dB
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