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1. Introduction
In RAN4 #82, the following WF was agreed [1]:
· Companies are encouraged to further investigate at least the following:

· Impact on unicast operation due to numerology switching, e.g.,
· Whether and how big there are interruptions to unicast subframes
· Whether and how big there are delays in unicast and/or multicast operations

· Impact on intra-frequency and inter-frequency accuracy requirements for the existing measurements based on signals in unicast subframes
· Necessary requirements related to CAS subframes and dedicated carrier
· Requirements for MBSFN measurements based on the new numerology

· Applicable CA configurations (e.g., number of carriers including dedicated) when a UE is configured with mixed and/or dedicated carriers, etc.
· Other impacts, if found, are not precluded too for the investigation and discussion
In this contribution, we present our view on the above areas of investigation.
2. Discussion

2.1. Impact on Unicast Operation
Due to the introduction of the new MBSFN subframe types with 7.5kHz/1.25kHz numerology, a UE receiving both unicast PDSCH and PMCH data on a FeMBMS carrier may receive mixed subframes with different numerology, thus switching from one numerology to the other. Subframes with different numerology are structured based on different sub-carrier spacing/CP length/OFDM symbol length. At the same time, the subframes with larger CP length may be received over the channels with larger delay spread, hence subject to heavier inter-symbol interference. The former can be viewed as a functional aspect directly related to the numerology, while the latter is of a performance aspect which depends on the way MBSFN single frequency network is deployed for the MBSFN subframes. In this section, we will provide our view on the impact of the numerology switching to the unicast operation from both aspects.

From the functional perspective, numerology switching requires the UE to use different subcarrier spacing, core OFDM symbol length and CP length for the subsequent baseband processing of the received samples. Figure 1 shows an illustration of baseband processing change due to numerology switching, where RxFFT of different window size and placement is performed for each OFDM symbol in the subframe with 1.25kHz and 15kHz numerology, respectively. However, regardless of the numerology, the carrier frequency and system bandwidth do not change across the subframes, and the number of time-domain samples a UE receives in one subframe also remains identical since it is only determined by the system bandwidth. Therefore, numerology switching is not expected to require any re-tuning of RF circuit, and overall impact in the UE implementation would be limited to the baseband processing.
Observation 1. Numerology switching across subframes in a FeMBMS carrier can be handled by baseband processing without any RF re-tuning. Therefore, interruption on unicast subframe due to numerology switching is not expected.
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Figure 1 Illustration of UE baseband processing change due to numerology switching: From 1.25kHz to 15kHz in 20Mhz FeMBMS carrier with mixed MBMS/unicast deployment

Another functional aspect to investigate related to numerology switching is the delay on unicast operation which can be either in UL or DL processing. Given that RF re-tuning does not happen during the numerology switching, we do not expect any delayed UL/DL processing due to the RF. Furthermore, baseband UL processing would not be affected by the numerology switching since UL subframes remain based on 15kHz numerology regardless of the numerology in the corresponding DL subframes. From baseband DL processing perspective, DL processing of the MBSFN subframe with 1.25kHz numerology may start only after receiving the time-domain samples of full 1ms length, while for non-MBSFN subframe, it may start as early as after receiving the first OFDM symbol. However, an UE supporting FeMBMS with the new 1.25kHz numerology is expected to have a different HW architecture with a RxFFT engine that can handle 12x larger FFT size in the new MBSFN subframe type, and accordingly any DL processing dependency across the subframes with different numerology can be mitigated by proper pipelining by the UE. To this end, our view is that numerology switching should not cause any delay in the unicast operation for a UE supporitng 1.25kHz numerology.
Observation 2. Delay in the unicast operation due to numerology switching is not expected.
Finally, from the performance aspect, unicast operation on the non-MBSFN subframe immediately following a MBSFN subframe with 1.25kHz numerology may be affected by the ISI from the MBSFN subframe. In particular, when a MBMS single frequency network is deployed with larger inter-site distance up to 15km in consideration of the new MBSFN subframe type, delayed multi-path component of the MBSFN transmission can introduce substantial ISI to the first a few OFDM symbols in the unicast subframe as shown in Figure 2. While this could be a real issue in the FeMBMS network, it should be resolved by eNB scheduler design. Potential solution could be assigning large aggregation level to PDCCH in unicast subframe following MBSFN subframe or relying on cross-carrier scheduling for downlink control transmission.
Observation 3. Depending on the ISD of the FeMBMS single frequency network, ISI from MBSFN subframe with 1.25kHz/7.5kHz numerology may affect the unicast operation of the immediately following non-MBSFN subframe. However, such ISI should be prevented by means of eNB scheduler design.
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Figure 2 ISI from MBSFN subframe with 1.25kHz numerology to unicast subframe when MBSFN single frequency network is deployed with larger ISD 

2.2. Measurement requirement for mixed MBMS/Unicast FeMBMS carrier
As discussed in [2], FeMBMS carriers in the mixed unicast/MBMS mode can be configured up to eight MBSFN subframes per each radio frame, leaving only subframe #0 and #5 for the measurement. Since the unicast operation in non-MBSFN subframes including measurement is not affected by adjacent MBSFN subframes, the intra/inter-frequency measurement requirement for the FeMBMS carrier can be determined by relaxing existing requirement according to the reduced non-MBSFN subframe density. In particular, FDD FeMBMS carrier with the 80% MBSFN subframe allocation has the same number of non-MBSFN DL subframe available for measurement as TDD non-FeMBMS carrier of ULDL configuration 0 as shown in Figure 3. Therefore, existing intra-/inter-frequency measurement requirement defined for TDD carrier with ULDL configuration 0 can be re-used for FeMBMS carrier.
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Figure 3 DL measurement subframe availability: TDD ULDL config 0 (top), FDD FeMBMS with 80% MBSFN allocation (bottom)
Observation 4. From measurement perspective, FDD FeMBMS carrier in mixed MBMS/unicast mode and TDD non-FeMBMS carrier with ULDL configuration 0 has the same worst case DL measurement subframe availability. 
Proposal 1. Inter-/intra-frequency measurement requirement for TDD carrier with ULDL configuration 0 applies to FeMBMS carrier in mixed MBMS/unicast mode.
2.3. CAS/Dedicated FeMBMS carrier

Prior to discussing the actual measurement requirement for dedicated FeMBMS carrier, it would be helpful to understand the purpose of the measurement in the dedicated FeMBMS carrier. Our view is that a UE being served by the dedicated FeMBMS carrier is more likely to be a receive-only device such as TV receiver as the dedicated FeMBMS carrier does not support any unicast PDSCH transmission. For such devices, the complicated mobility management such as handover in regular LTE operation may not be required, and the purpose of search and measurement would be mainly to allow the UE to re-select the FeMBMS cell from which it receives the PMCH-related SIB information based on the received signal quality. From RRM requirement point of view, such scenario resembles the cell re-selection of LTE UE in RRC_IDLE state, where the UE now attempts to detect and synchronized to a new FeMBMS cell, perform periodic measurement, and evaluate the signal quality from the detected FeMBMS cells for potential cell reselection. 

Observation 5. UE being served by the dedicated FeMBMS carrier is likely to be a receive-only device for which only basic mobility support such as cell reselection is sufficent for the purpose of reliable PMCH-related SIB acquisition.
In the light of the above observation, we propose to define the intra-frequency measurement requirement for dedicated FeMBMS carrier in the context of cell re-selection. Considering both aspects that UE may not be in the actual DRX mode, yet cell acquisition subframe (CAS) is transmitted at a sparser periodicity of 40ms, we propose to use the legacy intra-frequency cell reselection requirement of {Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra, Tevaluate,E-UTRAN_intra} defined for the lowest DRX cycle of 0.32 second [Table 4.2.2.3-1, 3], [Table 4.2.2.4-1, 3] for the same measurement requirement of the dedicated FeMBMS carrier.
Proposal 2. Define intra-frequency measurement requirement of the dedicated FeMBMS carrier based on the cell re-selection measurement requirement for intra-frequency EUTRAN cell under DRX cycle of 320ms.
2.4. MBSFN measurement requirement
Due to the denser subcarrier spacing and different MBSFN RS pattern, it is generally required to define a new MBSFN measurement requirement for the MBSFN subframe with 1.25kHz numerology, including the absolute accuracy requirement for MBSFN RSRP and RSRQ.
MBSFN RSRP is defined as the average received power of the REs that carry MBSFN reference signal [5]. Therefore, its unit depends on the subcarrier spacing of the MBSFN subframe. In the existing MBSFN measurement requirement, MBSFN RSRP is defined in the unit of dBm/15kHz, and its measurement accuracy is tested under the extra condition that MBSFN RSRP|dBm/15kHz is the same as RSRP|dBm/15kHz. For a MBSFN subframe with 1.25kHz numerology, on the other hand, MBSFN RSRP would be in the unit of dBm/1.25kHz, and the number of MBSFN RS REs to be averaged over one OFDM symbol or one subframe for the MBSFN measurement also changes as shown in Table 1.
Table 1 MBSFN RS difference between 1.25kHz and 15kHz numerology
	MBSFN numerology
	15kHz
	1.25kHz 

	MBSFN RSRP unit
	dBm/15kHz
	dBm/1.25kHz

	MBSFN RS REs per OFDM symbol containing MBSFN RS
	6
	24

	Number of OFDM symbols containing MBSFN RS per subframe
	3
	1


Similar to the extra condition in the legacy MBSFN measurement test, we can relate RSRP in the non-MBSFN subframe with the MBSFN RSRP in MBSFN subframe with 1.25kHz numerology as
MBSFN RSRP|dBm/1.25kHz = RSRP|dBm/15kHz – 10*log10(12).











[Eq.1] 
Under the condition of [Eq. 1], for the same value of RSRP|dBm/15kHz, individual MBSFN RS REs have the identical SNR across the two numerologies. Furthermore, considering that 1.25kHz numerology offers 1.5x more number of MBSFN RS REs per subframe for the measured MBSFN RSRP averaging, we can conclude that the measurement accuracy of the MBSFN RSRP in 1.25kHz numerology, measured in the unit of dBm/1.25kHz, will be no worse than that of 15kHz numerology. 
Observation 6. MBSFN RSRP measurement accuracy of the MBSFN subframe with 1.25kHz numerology, measured in the unit of dBm/1.25kHz, is expected to be no worse than that of the legacy MBSFN subframe with 15kHz numerology

Proposal 3. Same absolute MBSFN RSRP measurement accuracy requirement [Table 9.8.2.1-1, 3] applies to MBSFN subframes with both 1.25kHz and 15kHz numerology, where MBSFN RSRP is in the unit of dBm per subcarrier spacing and the measurement conditions defined per 15kHz RE bandwidth are scaled down accordingly for 1.25kHz numerology
Proposal 4. For MBSFN subframe with 1.25kHz numerology, reporting range and the thresholds for individual MBSFN RSRP reported value are shifted by -10*log10(12) dB in accordance with the new MBSFN RSRP unit.
MBSFN RSRQ measurement is defined as the ratio 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 1.25kHz numerology is no worse than that of 15kHz numerology.

Proposal 5. Same absolute MBSFN RSRQ measurement accuracy requirement [Table 9.8.3.1-1, 3] applies to MBSFN subframes with both 1.25kHz and 15kHz numerology, where the measurement conditions defined per 15kHz RE bandwidth are scaled down accordingly for 1.25kHz numerology

Table 2 shows the upperbound and lowerbound of the MBSFN RSRQ for different MBSFN numerology, where absolute MBSFN RSRQ range in 1.25kHz numerology is shifted by -6 to -10dB compared to 15kHz numerology due to the differences in the MBSFN RS RE pattern.
Table 2 MBSFN RSRQ Upper/Lowerbounds for different MBSFN numerology
	MBSFN numerology
	15kHz
	1.25kHz

	Upperbound (no loading, no noise)
	-7.8 dB 
	-13.8 dB 

	Lowerbound (full loading with TPR=0dB, AWGN SNR -12dB)
	-23.1dB
	-33.8dB


Proposal 6. For MBSFN subframe with 1.25kHz numerology, the reporting range of MBSFN RSRQ is defined from -33.5 dB to -13.5 dB with 0.625 dB resolution
2.5. Applicable CA Configuration
Unicast subframes in the mixed MBMS/unicast FeMBMS carrier can be used as a Scell. Therefore, as long as the UE capability allows, it is expected that a FeMBMS carrier in the mixed MBMS/unicast mode can be used as one of the secondary component carrier in the CA modes with two or more component carriers. However, from RAN4 perspective, adding more than one FeMBMS carriers as a secondary component carrier just increases carrier aggregation level for the unicast PDSCH transmission without providing additional values in verifying the UE’s FeMBMS implementation. Therefore, our view is that for the FeMBMS carrier used for mixed MBMS/unicast transmission, RAN4 should consider only up to 2CA configuration for the verification of FeMBMS related requirement.

On the other hand, dedicated FeMBMS carrier cannot be used as a secondary carrier, hence no CA configuation is applicable. When a UE support a dedicated FeMBMS carrier together with other carrier, it would be either in the context of UE concurrency support betwen LTE and additional receive-only FeMBMS operation, or in the form of the receive-only non-standard-LTE UE supporting simultaneous PMCH reception from more than one dedicated FeMBMS carriers. However, in both cases, UE operation within individual dedicated FeMBMS carrier is self-contained without any interaction with the LTE carrier or another dedicated FeMBMS carrier. To this end, our view is that single carrier test scenario would be sufficient for the verification of UE’s FeMBMS related implementation on the dedicated FeMBMS carrier.
Proposal 7. Consider only up to 2CA scenario for the verification of the UE requirement on the FeMBMS carrier with mixed MBMS/unicast transmissoin.
Proposal 8. Consider only single carrier scenario for the verification of the UE requirement on the dedicated FeMBMS carrier.
3. Conclusion

In this contribution, we presented our view on the various aspect of RRM requirement for the FeMBMS carrier, both in mixed MBMS/unicast and dedicated mode. The observations and the corresponding proposals are summarized as below.
Observation 1. Numerology switching across subframes in a FeMBMS carrier can be handled by baseband processing without any RF re-tuning. Therefore, interruption on unicast subframe due to numerology switching is not expected.
Observation 2. Delay in the unicast operation due to numerology switching is not expected.
Observation 3. Depending on the ISD of the FeMBMS single frequency network, ISI from MBSFN subframe with 1.25kHz/7.5kHz numerology may affect the unicast operation of the immediately following non-MBSFN subframe. However, such ISI should be prevented by means of eNB scheduler design.
Observation 4. From measurement perspective, FDD FeMBMS carrier in mixed MBMS/unicast mode and TDD non-FeMBMS carrier with ULDL configuration 0 has the same worst case DL measurement subframe availability. 
Observation 5. UE being served by the dedicated FeMBMS carrier is likely to be a receive-only device for which only basic mobility support such as cell reselection is sufficent for the purpose of reliable PMCH-related SIB acquisition.
Observation 6. MBSFN RSRP measurement accuracy of the MBSFN subframe with 1.25kHz numerology, measured in the unit of dBm/1.25kHz, is expected to be no worse than that of the legacy MBSFN subframe with 15kHz numerology

Proposal 1. Inter-/intra-frequency measurement requirement for TDD carrier with ULDL configuration 0 applies to FeMBMS carrier in mixed MBMS/unicast mode.
Proposal 2. Define intra-frequency measurement requirement of the dedicated FeMBMS carrier based on the cell re-selection measurement requirement for intra-frequency EUTRAN cell under DRX cycle of 320ms.
Proposal 3. Same absolute MBSFN RSRP measurement accuracy requirement [Table 9.8.2.1-1, 3] applies to MBSFN subframes with both 1.25kHz and 15kHz numerology, where MBSFN RSRP is in the unit of dBm per subcarrier spacing and the measurement conditions defined per 15kHz RE bandwidth are scaled down accordingly for 1.25kHz numerology
Proposal 4. For MBSFN subframe with 1.25kHz numerology, reporting range and the thresholds for individual MBSFN RSRP reported value are shifted by -10*log10(12) dB in accordance with the new MBSFN RSRP unit.

Proposal 5. Same absolute MBSFN RSRQ measurement accuracy requirement [Table 9.8.3.1-1, 3] applies to MBSFN subframes with both 1.25kHz and 15kHz numerology, where the measurement conditions defined per 15kHz RE bandwidth are scaled down accordingly for 1.25kHz numerology

Proposal 6. For MBSFN subframe with 1.25kHz numerology, the reporting range of MBSFN RSRQ is defined from -33.5 dB to -13.5 dB with 0.625 dB resolution
Proposal 7. Consider only up to 2CA scenario for the verification of the UE requirement on the FeMBMS carrier with mixed MBMS/unicast transmissoin.
Proposal 8. Consider only single carrier scenario for the verification of the UE requirement on the dedicated FeMBMS carrier.
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