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1 Introduction
In RAN4#83, the RRM requirements for feMBMS WI [1] were discussed, with below agreements for UE RRM. Some of the agreements are captured in agreed CR [2].

	General

· Clarify that numerology switching between MBSFN and non-MBSFN subframe does not cause interruption to UE unicast operation
· Clarify that numerology switching between MBSFN and non-MBSFN subframe does not cause delay to UE unicast operation
· Based on UE capabilities, for UE in RRC_CONNECTED with LTE PCell 
· An FeMBMS/unicast-mixed cell is: 

· Intra-frequency candidate Scell (included in max 8 intra-frequency cells), or 

· inter-frequency candidate SCell (included in max 4 inter-frequency cells over 3 inter-frequency carriers), or

· Deactivated or activated Scell (included in supported band combinations)

FeMBMS/Unicast-mixed carrier

· Introduce intra-frequency, inter-frequency, and SCC requirements 

MBSFN measurement
· MBSFN RSRP unit is given by dBm/1.25kHz and dBm/7.5kHz for 1.25 kHz and 7.5 kHz numerology respectively in the new mapping tables, if the new mapping tables are agreed. And if the changes were agreed, RAN4 should inform RAN2
· RAN4 clarify the existing MBSFN RSRP/RSRQ requirements can be reused at least under the assumption that 

MBSFN RSRP|dBm/(L)kHz = MBSFN RSRP|dBm/15kHz + 10∙log10(L/15), L (=1.25, 7.5, 15)


On the other hand, there are still many open issues in the feMBMS RRM, e.g.

· requirement applicability for mixed carrier, 
· requirement for dedicated carrier, 
· measurement capability in terms of number of carriers to monitor
In this paper, we will provide our views how to address those open issues in the RRM work for feMBMS.
2 Discussion 
Measurement requirements for mixed carrier

According to 36.300, a mixed feMBMS is defined as 

	An feMBMS/Unicast-mixed cell is an MBMS/Unicast-mixed cell that operates with at least one of the following:

- subframes 4 or 9 configured as MBSFN subframes

- subframes that may not contain unicast control region

the feMBMS/Unicast cell cannot be used as a PCell or PSCell. To provide unicast traffic on non-MBSFN subframes, such cell needs to be configured as an SCell. UEs not supporting Rel-14 FeMBMS are not supported on these cells and camping of such UEs is prevented by using cell barring mechanism of SIB1. Paging for incoming calls is not supported on such cells and system information change notification is provided with L1 signalling.


In RAN4#83, it was agreed to introduce intra-frequency, inter-frequency, and SCC requirements. Below we listed the scenarios where those requirements apply, respectively. 
1) The carrier is used by UE as SCC for unicast service. 

In this case, regardless whether UE receives MBMS on the carrier, UE should measure the carrier as an SCC.   

2) The carrier is configured as a measurement object, i.e. to be used as SCC for unicast service 

In this case, regardless whether UE receives MBMS on the carrier, UE should measure the carrier as an inter-frequency carrier

3) The carrier is used by UE for MBMS only. 

In this case, UE should measure the carrier as an intra-frequency carrier.
A single set of requirement can be defined for all scenarios assuming the measurement is always based on the worst case, i.e. only subframe 0 and 5 are available for measurement. For the exact requirements, we can re-use what is defined for TDD UL/DL configuration 0, for which only subframe 0 and 5 are assumed for measurement. 

This was also common understanding among interested companies in RAN4#83, however, the question about the requirement applicability was unclear. The problem is – when UE should apply the relaxed requirement. It is clearly not desirable if an feMBMS capable UE always apply the relaxed requirement to any carrier frequency, but it should only apply the relaxed requirement for those carriers for which UE gets the knowledge that only subframe 0 and 5 can be assumed for measurement.   

For SCC measurement (scenario 1) or intra-frequency measurement (scenario 3), UE should have read the MBSFN subframe configurations from SIB2 of the cell, so it will know if only subframe 0 and 5 can be assumed for measurement on this carrier or not. However, for inter-frequency measurement (scenario 2), UE may need the indication from the network. In RAN4#83, some companies proposed to include such indication in the measurement configuration (when configuring the mixed carrier as measurement object), and a draft LS [3] was also discussed. After online and offline discussions, we are also supportive of this approach.  
Proposal 1: If UE is indicated that the carrier is a mixed carrier, the measurement requirements for this carrier are re-used from those for UL/DL configuration 0.
Measurement requirements for dedicated feMBMS carrier
The dedicated feMBMS carrier can be used by UE only for MBMS. In order for UE to receive the MBMS related control information when UE is moving, UE needs to “reselect” the cell which gives best radio condition. In this sense, intra-frequency requirement is needed. 

On the hand, network will not configure a dedicated carrier as a measurement object for unicast or SCC, so there is no need to define inter-frequency measurement requirements as for legacy inter-frequency unicast mobility. However, there is a question if inter-frequency measurement requirement should be defined to ensure UE can quickly find a suitable cell on another dedicated carrier when the current dedicated carrier cannot support the service.

It is definitely good to define the UE requirement so that service continuity of MBMS can be guaranteed. However, there are some costs in requiring UE to do such periodical inter-frequency measurement. For example, measurement gaps have to be provided and the measurement performance of unicast inter-frequency measurement will be impacted. Also we need to think what kind of mobility performance we want to support for MBMS, and how useful the requirement (if defined) would be since there is no HO for MBMS, and anyway UE can stop the reception in current carrier and start to search on another carrier and in that case the intra-frequency requirement will apply. Considering the limited time for this WI, we think there is no need to define inter-frequency measurement requirement for dedicated carrier.

For the exact requirements, our view that they can be similar as current cell reselection requirements. The measurement will be based on CAS, which is transmitted with 40ms periodicity. Defining the requirement based on 40ms measurement interval may be too much for UE, since the mobility need is similar to that for Idle mode. Our preference is to define the requirement based on 320ms measurement interval, which seems to be a good compromise for measurement performance and UE power consumption. In particular, if inter-frequency requirement is not defined for dedicated carrier, the intra-frequency requirement should be good enough so that the delay is not too long for the case where UE needs to switch to another dedicated carrier for MBMS reception. 
Proposal 2: For dedicated carrier, only intra-frequency requirements are defined. The requirements are similar to that for cell reselection and based on 320ms measurement interval. 
Measurement capability in terms of number of carriers to monitor
In RAN4#83, it was agreed that a mixed cell would be counted in the UE measurement capability in terms of number of cells to monitor. Also agreed is that a mixed carrier will be included in supported band combinations. However, it is still not clear what is the impact to the UE measurement capability in terms of number of carriers to monitor. 

In section 8.1 of 36.133, UE requirement on number of carriers to monitor is defined for inter-frequency carriers. It is clear that a mixed carrier, if configured as a measurement object, will be included in this number of carriers. If mixed carrier is configured as SCell, there should be no impact to the number as the measurement of SCell will not impact the number of inter-frequency carriers monitored. For other cases where UE is only receiving MBMS from a mixed or dedicated carrier, UE will use a dedicated RF chain for MBMS and it is similar as CA case where the MBMS carrier is “SCell”, so there should be also no impact to the number of carrier monitored, i.e. the mixed or dedicated carrier is not included in the number of carriers to monitor. 
We would like to note that the case where UE receives MBMS on a serving or non-serving carrier already happens since Rel-9, and it has not impacted the UE requirement on number of carriers to monitor. Therefore, we believe there is nothing to be clarified in the spec regarding this issue.

Proposal 3: The number of inter-frequency carriers to monitor is not impacted by UE receiving MBMS on mixed or dedicated carrier.

3 Conclusions 

In this paper, provided our views on the remaining open issues for feMBMS RRM requirements.  
Proposal 1: If UE is indicated that the carrier is a mixed carrier, the measurement requirements for this carrier are re-used from those for UL/DL configuration 0.
Proposal 2: For dedicated carrier, only intra-frequency requirements are defined. The requirements are similar to that for cell reselection and based on 320ms measurement interval.
Proposal 3: The number of inter-frequency carriers to monitor is not impacted by UE receiving MBMS on mixed or dedicated carrier. 
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