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1. Introduction
In this contribution, we review release 11 MBMS service continuity use cases that should continue to apply to FeMBMS, and present our view on the RRM requirement related to applicable CA configuration and intra/inter-frequency measurement for the FeMBMS carrier.
2. Discussion

2.1. FeMBMS CA/non-CA Use Cases
In release 11, MBMS service continuity is introduced where two new use cases were defined, allowing UE to receive PMCH from Scell or non-serving cell, with the associated UE capability of “mbms-Scell-r11” and “mbms-NonServingCell-r11”, respectively. Receiving PMCH from Scell or non-serving cell is realized by MBMS interest indication signalling. A UE receiving (or interested in receiving) PMCH sends to the eNB the MBMS interest indication including the MBMS service ID’s of interest and the corresponding frequencies where those service(s) are provided. For both UE and eNB perspective, the frequencies of interest indicated in the MBMS interest indication message should be counted toward the UE’s overall band combination capability, e.g., supportedBandCombination, as specified in [1]. 
“the E-UTRAN reuses the SupportedBandCombination IE to derive the UEs MBMS related reception capabilities, i.e. the E-UTRAN tries to ensure that the UE is able to receive MBMS and unicast bearers by providing them on the frequencies indicated in SupportedBandCombination IE signalled by the UE.” – TS36.300 15.4
Since a FeMBMS carrier cannot be used for Pcell, PMCH reception from the FeMBMS carrier falls into the above two use cases. Several different UE/eNB behavior regarding FeMBMS may be possible depending on UE’s supportedBandCombination capability, FeMBMS-related capability, and whether the frequencies of interest are provided by Pcell (or Scell). In the subsequent subsection, we summarize a few UE/ eNB behavior related to PMCH reception from FeMBMS Scell/non-serving cell.
2.1.1. MBMS service initiation

Case 1) MBMS Service Initiation (Non-CA)
Pcell on the frequency Fa, and MBMS interest indication sent with the FeMBMS frequency of interest of Fb (≠ Fa) (with one-bit MBMS priority flag “mbms-Priority-r11” as true):
1) If (Fa+Fb) is among UE’s supportedBandCombination, 

a. UE starts receiving PMCH from the “non-serving” FeMBMS cell on Fb 
2) If (Fc+Fb), but not (Fa+Fb), is among UE’s supportedBandCombination for some paired non-FeMBMS frequency Fc, 
a. eNB initiates Pcell handover to Fc

b. UE starts receiving PMCH from the “non-serving” FeMBMS cell on Fb after Pcell handover 
3) As long as Fb remains as the frequency of interest, eNB does best effort to avoid configuring new Pcell,or Scell(s) that cannot be combined with Fb (based on UE’s supportedBandCombination capability)
4) eNB may later configure Scell on Fb if Fb is a mixed FeMBMS/unicast carrier frequency and UE supports both PMCH and unicast reception from the mixed FeMBMS/unicast carrier.
Case 2) MBMS Service Initiation (CA)
Pcell on the frequency Fa, Scell on the frequency Fb, and MBMS interest indication sent with the FeMBMS frequency of interest of Fc (≠ Fa, Fb) (with one-bit MBMS priority flag “mbms-Priority-r11” as true):
1) If (Fa+Fb+Fc) is among UE’s supportedBandCombination, 

a. UE starts receiving PMCH from the non-serving FeMBMS cell on Fc 
2) If (Fd+Fe+Fc), but not (Fa+Fb+Fc), is among UE’s supportedBandCombination for some paired non-FeMBMS frequency Fd,

a. eNB initiate RRC reconfiguration to switch (Pcell, Scell) to (Fd, Fe) 
b. UE starts receiving PMCH from non-serving FeMBMS cell on Fc after RRC reconfiguration 
3) If (Fd+Fc), but not (Fa+Fb+Fc), is among UE’s supportedBandCombination for some paired non-FeMBMS frequency Fd, and Fc is the mixed FeMBMS/unicast carrier frequency, and UE supports both PMCH and unicast reception from the mixed FeMBMS/unicast carrier

a. eNB initiate RRC reconfiguration to switch (Pcell, Scell) to (Fd, Fc) 

b. UE starts receiving PMCH from FeMBMS Scell on Fc after RRC reconfiguration
4) As long as Fc remains as the frequency of interest, eNB does best effort to avoid configuring new Pcell, or Scell(s) that cannot be combined with Fc (based on UE’s supportedBandCombination capability). 
5) For 1 and 2), eNB may later configure Scell on Fc if Fc is the mixed FeMBMS/unicast carrier frequency, and UE supports both PMCH and unicast reception from the mixed FeMBMS/unicast carrier.

2.1.2. MBMS cell re-selection
Case 1) Intra-frequency reselection
Pcell on the frequency Fa, UE receiving PMCH/MBMS-SI from non-serving cell A on Fb, and based on intra-frequency measurement, another cell B on the same frequency Fb meeting re-selection critetria detected:
1) If cell B is in the same MBSFN area as cell A (per SIB13 decoding from cell B)
a. UE re-selects cell B for PMCH reception and MBMS-SI monitoring
b. UE does not need to send any MBMS interest indication

2) If cell B is not in the same MBSFN area as cell A

a. UE does not perform cell re-selection, and continues to receive PMCH and monitor MBMS-SI from cell A

Case 2) Inter-frequency reselection
Pcell on the frequency Fa, receiving PMCH from non-serving cell A on Fb, and the PMCH reception from Fb becomes unavailable/degraded below threshold:
1) If SIB15 from cell A indicates that at least one frequency Fc that is associated with the service area ID that may provide the MBMS service of interest, and optionally if SIB1, SIB2, and SIB13 decoded from cell B via autonomous gap indicates that the cell B is in the same MBSFN area as cell A
a. UE sends MBMS interest indication to the network with Fc as the new frequency of interest

b. If (Fa+Fc) is among UE’s supportedBandCombinations,

i.  UE re-selects cell B for PMCH reception and MBMS-SI monitoring
c. If (Fd+Fc), but not (Fa+Fc), is among UE’s supportedBandCombinations for some paired non-FeMBMS frequency Fd,

i.  eNB initiate Pcell handover to Fd

i.  UE starts receiving PMCH and monitoring MBMS-SI from the cell B on Fc after handover

2) Otherwise, UE does not perform cell re-selection, and continues to receive PMCH/MBMS-SI from cell A
Observation 1: Similar to the release 11 MBMS Scell or non-serving cell, the applicable CA configuration for a FeMBMS cell is determined by the supportedBandCombination of the UE

Proposal 1: Any FeMBMS non-serving cell or Scell from which UE is receiving or indicates interest in receiving PMCH via MBMS interest indication should be counted toward the total number of activated cells and supportedBandCombination supported by the UE
2.2. Measurement Requirement for FeMBMS 
2.2.1. Mixed FeMBMS/unicast 

A mixed FeMBMS/unicast carrier can be configured as Scell depending on UE capability. Therefore, both inter-frequency and intra-frequency measurement requirement should be defined for the mixed FeMBMS/unicast carrier. As discussed in [2], the measurement requirement for the mixed FeMBMS/unicast carrier can be defined based on the worst case scenario where the measurement opportunity in each radio frame is limited to at most two subframes (2 ms). Specific requirement including cell detection time and measurement period may follow the same values as that of the legacy TDD carrier with ULDL config 0, observing the same amount of the measurement opportunity as the mixed FeMBMS/unicast FDD carrier.
Proposal 2. For intra/intra-frequency measurement requirement, the cell detection time and measurement period required for the TDD carrier with ULDL configuration 0 applies to the mixed FeMBMS/unicast carrier 

In the last RAN4 #82bis meeting, some concern was raised regarding how to define the applicability rule for the above intra/inter-frequency measurement requirement, or in other words, how to inform UE whether a certain FDD frequency on which measurement is configured is a legacy FDD carrier or a FeMBMS FDD carrrier with the reduced number of non-MBSFN subframes [3]. As a part of FeMBMS WI, RAN2 recently introduced some optional IE, “MBMS-CarrierType-r14”, in SIB15 to indicate whether a given MBMS carrier frequency is a FeMBMS carrier or not. However, current definition of the IE does not clearly tell whether the FeMBMS carrier is dedicated or not. Furthermore, there could be some UE supporting only unicast PDSCH reception from the mixed FeMBMS/unicast carrier, but no PMCH, and it is not desirable to require such UE to read SIB15 to conjecture the availability of non-MBSFN subframe on a certain FDD frequency. Therefore, our view is that it is desirable to define a more explicit way to inform UE of whether the measurement object is configured on the mixed FeMBMS carrier or not. To this end, we propose to send a LS to RAN2 to request explicitly adding a FeMBMS carrier indication in the EUTRA measurment object and also further clarify “MBMS-CarrierType-r14” IE in SIB15.
Proposal 3. Send LS to RAN2 to inform that EUTRA measurement object should indicate the potential presence of the mixed FeMBMS/unicast cell on the configured frequency so that UE can assume the correct non-MBSFN subframe availability and follow the corresponding intra/inter-frequency measurement

Proposal 4. Send LS to RAN2 to clarify SIB15 IE or field description in order to clearly distinguish the mixed and dedicated FeMBMS carrier 
2.2.2. Dedicated FeMBMS 
Dedicated FeMBMS cell cannot be configured as Scell, and remains as non-serving cell from UE/eNB point of view. Since MBSFN transmission is always based on the single frequency network, UE mobility for the PMCH data reception is seemlessly supported across the FeMBMS cells operating on the same frequency (intra-frequency). Therefore, for the intra-frequency measurement on the dedicated FeMBMS carrier, the purpose of the measurement would be limited to finding a more suitable non-serving FeMBMS cell from which UE monitors the MBMS-related system information. Furthermore, as discussed in 2.1.2, within the same FeMBMS frequency, UE can autonomously perform intra-frequency cell reselection across the dedicated FeMBMS cells without eNB involvement, e.g., without sending updated MBMS interest indication, and it is not even clear whether eNB would ever configure an intra-frequency measurement object for the dedicated FeMBMS carrier which cannot be used as a serving cell.
Observation 2. Within the same frequency, UE mobility for PMCH data is seemlessly supported across different cells by the single frequency network operation, and the purpose of the intra-frequency measurement for dedicated FeMBMS carrier is limited to the cell reselection to find a more suitable cell for monitoring MBMS-related system information

In the light of the above observation, our view is that the intra-frequency measurement requirement for the dedicated FeMBMS carrier can be defined similar to that of the cell reselection in RRC_IDLE state. In RRC_IDLE state mobility, UE encounters the similar situation as the dedicated FeMBMS carrier, where UE performs the intra-frequency measurement in order to find a more suitable cell to camp on and monitor the system information/paging. Intra-frequency measurement requirement for cell reselection is defined as the (Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra, Tevaluate,E-UTRAN_intra) triple for each DRX cycle length. Considering the sparser synchronization subframes in the dedicated FeMBMS carrier, we propose to apply the requirement based on DRX cycle of 1.28s as shown in Table 2.2.1.
Proposal 5. For a UE receiving PMCH from the dedicated FeMBMS carrier within the same MBSFN synchronization area, define the intra-frequency measurement requirement only to the extent of the mobility support for cell reselection.
Proposal 6. For a UE receiving PMCH from the dedicated FeMBMS carrier within the same MBSFN synchronization area, UE should satisfy the intra-frequency measurement requirement for cell reselection, given by Table 2.2.1
Table 2.2.1 : Intra-frequency measurement requirement for dedicated FeMBMS carrier (Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra)
	Tdetect,EUTRAN_Intra [s] 
	Tmeasure,EUTRAN_Intra [s] 
	Tevaluate,E-UTRAN_intra
[s] 

	32 
	1.28 
	6.4 

	Note 1: Requirement the same as intra-frequency measurement for cell-reselection defined for the DRX cycle of 1.28s.


For inter-frequency measurement, our view is that periodic inter-frequency measurement is not a necessity for the dedicated FeMBMS carrier, and thus RAN4 does not need to define the requirement for such. When UE is switching to a new target cell on a different dedicated FeMBMS frequency, the current scope of MBMS service continuity does not require UE to actually decode MCCH of the target cell and confirm the service of interest is being provided. Therefore, once the service of interest becomes unavailable from the current frequency, UE can send the updated MBMS interest indication to the network with the new frequency of interest based on SIB15 from current cell, and initiate cell reselection/MBMS-SI acquisition as discussed in 2.1.2. 
“the UE does not need to verify that a frequency is providing a MBMS service by acquiring (SC-)MCCH and may apply these procedures even though a MBMS service is not provided via MBSFN or SC-PTM;”
Furthermore, from actual implementation point of view, it is also not clear whether eNB would ever configure a measurement object and the corresponding gap for the dedicated FeMBMS carrier, given that it cannot be used as a serving cell and such measurement would cost reducing UE’s overall measurement capability for the regular non-FeMBMS frequencies for which the stricter mobility support is required. Properly configuring the measurement gap for the dedicated FeMBMS carrier would also require eNB to look into the service of interest UE has specified in its MBMS interest indication, and configure the measurement object only for the candidate frequencies that are mapped to the service of the interest. 
In the light of above discussion, we propose not to define any inter-frequency measurement requirement for dedicated FeMBMS carrier.

Proposal 7. No inter-frequency measurement requirement is defined for dedicated FeMBMS carrier
3. Conclusion

In this contribution, we presented our view on the RRM requirement related to applicable CA configuration and intra/inter-frequency measurement for the FeMBMS carrier.

The observations/proposals in this paper is summarized as below:

Observation 1: For both eMBMS and FeMBMS case, the applicable CA configuration for MBMS cell is determined by the supportedBandCombination of the UE

Proposal 1: Any FeMBMS non-serving cell or Scell from which UE is receiving or indicates interest in receiving PMCH via MBMS interest indication should be counted toward the total number of activated cells and supportedBandCombination supported by the UE

Proposal 2. For intra/intra-frequency measurement requirement, the cell detection time and measurement period required for the TDD carrier with ULDL configuration 0 applies to the mixed FeMBMS/unicast carrier 

Proposal 3. Send LS to RAN2 to inform that EUTRA measurement object should indicate the potential presence of the mixed FeMBMS/unicast cell on the configured frequency so that UE can assume the correct non-MBSFN subframe availability for the corresponding intra/inter-frequency measurement

Proposal 4. Send LS to RAN2 to clarify SIB15 IE or field description in order to clearly distinguish the mixed and dedicated FeMBMS carrier 

Observation 2. Within the same frequency, UE mobility for the PMCH data reception is seemlessly supported across different cells by the single frequency network operation, and the purpose of the intra-frequency measurement for dedicated FeMBMS carrier is limited to the cell reselection to find a more suitable cell for monitoring MBMS-related system information

Proposal 5. For a UE receiving PMCH from the dedicated FeMBMS carrier within the same MBSFN synchronization area, define the intra-frequency measurement requirement only to the extent of the mobility support for cell reselection.

Proposal 6. For a UE receiving PMCH from the dedicated FeMBMS carrier within the same MBSFN synchronization area, UE should satisfy the intra-frequency measurement requirement for cell reselection, given by Table 2.2.1
Table 2.2.1 : Intra-frequency measurement requirement for dedicated FeMBMS carrier (Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra)
	Tdetect,EUTRAN_Intra [s] 
	Tmeasure,EUTRAN_Intra [s] 
	Tevaluate,E-UTRAN_intra
[s] 

	32 
	1.28 
	6.4 

	Note 1: Requirement the same as intra-frequency measurement for cell-reselection defined for the DRX cycle of 320ms.


Proposal 7. No inter-frequency measurement requirement is defined for dedicated FeMBMS carrier
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