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1. Introduction
RAN2#85bis discussed two eMBMS UE capabilities: one for eMBMS reception on configured SCell and one for eMBMS reception on configurable SCell [1]. In this document, we discuss details about how UE receiver should work while receiving MBMS on configured SCell, if UE has capability of receiving MBMS on configured SCell.
2. eMBMS reception between Interest Indication and SCell addition
If UE supports MBMS reception on configured SCell, but if UE does not support MBMS reception on configurable SCell (i.e. non-serving cell), it is likely that eNB adds SCell on a MBMS frequency upon receiving a MBMSInterestIndication message from the UE.
If the UE reconfigures receiver bandwidth to cover both PCell and SCell before eNB adds the SCell, interruptions (packet drops) would occur at a PCell. Thus, it seems likely that the UE does not reconfigure receiver bandwidth until eNB adds SCell on the MBMS frequency. The UE would wait to receive eMBMS until SCell addition.
Accordingly, if UE supports MBMS reception on configured SCell, we assume that UE and eNB will behave as follows:
1. After sending MBMSInterestIndication indicating a MBMS frequency, UE in RRC_CONNECTED is not required to receive MBMS until eNB adds SCell on the MBMS frequency.
2. eNB should add SCell on the MBMS frequency upon receiving MBMSInterestIndication message.
We propose the following clarifications:
Proposal 1: If UE supports MBMS reception on configured SCell, but if UE does not support MBMS reception on configurable SCell, UE in RRC_CONNECTED is not required to receive MBMS until eNB adds SCell on the MBMS frequency according to a MBMSInterestIndication message.
Proposal 2: If UE supports MBMS reception on configured SCell, but if UE does not support MBMS reception on configurable SCell, eNB should add SCell on the MBMS frequency upon receiving MBMSInterestIndication message.
3. Activation/Deactivation on SCell configured for MBMS
Activation and deactivation on configured SCell allow UE to save battery power when UE receives unicast data on configured SCell.
Regarding Activation and deactivation on configured SCell, we think that there are two UE implementation options for the UE that supports MBMS reception on configured SCell and however does not support MBMS reception on configurable SCell.

Option 1: UEs receiving eMBMS on configured SCell reconfigure receiver bandwidth upon activation/deactivation (assuming that SCell is activated for MBMS transmissions)
· In case that UE follows legacy CA behaviour, when the configured SCell is activated or deactivated, UE interested to receive MBMS on the SCell frequency reconfigure receiver bandwidth, as shown in figure 1. 

· When the SCell is activated, UE receiver is reconfigured so that it will cover both PCell and SCell. 

· When the SCell is deactivated, UE receiver is reconfigured so that it will only cover PCell.

· Note that from UE perspective, this implementation option is equivalent with legacy CA UE behaviour.

· While receiving MBMS, this UE expects that eNB will activate the SCell when any MBMS transmission including MCCH/MSI is scheduled. 

· This UE would not receive eMBMS on the frequency of the configured SCell during deactivated state. Namely, this UE will only receive eMBMS on the frequency of the configured SCell during activated state.
· Assuming this UE behavior, eNB need to activate the SCell when any MBMS transmission including MCCH/MSI is scheduled, while UE is interested to receive MBMS on the SCell frequency. 

· Since eNB does not know which MTCH UE is interested to receive, eNB should activate the SCell during all MBMS transmissions in order for the UE to receive interested MBMS transmissions.

· eNB may deactivate the SCell when no MBMS transmission is scheduled as well as when no unicast transmission is scheduled, in order for the UE to save battery power.
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Figure 1: UE Receiver Bandwidth Reconfiguration according to Option 1
Option 2: UEs receiving eMBMS on configured SCell do not reconfigure receiver bandwidth upon activation/deactivation
· While a SCell is added, UE interested to receive MBMS on the SCell frequency maintains receiver bandwidth to cover both PCell and SCell, as shown in figure 2. 
· UE does not reconfigure receiver bandwidth when the SCell is activated/deactivated. Namely, UE receiver bandwidth covers both PCell and SCell regardless of activation/deactivation of the SCell.
· UE will only reconfigure receiver bandwidth when a SCell is added or removed.
· Since activation/deactivation does not reconfigure UE receiver bandwidth, this UE would receive eMBMS on the SCell frequency during both activated state and deactivated state without interruptions (packet drops) to a PCell.
· Note that this UE behavior is inefficient because power saving gain would be reduced.

· Assuming this UE behavior, eNB won’t consider MBMS transmission for activation/deactivation on the SCell.
· Namely, eNB does not activate SCell for MBMS purpose.

[image: image2.emf]Unicast

Activation

SCell 

Addition

MBMS

Deactivation

SCell 

Removal

PCell

PCell

SCell

SCell

UE

RX

BW

PCell

SCell

PCell

SCell

PCell

SCell

PCell

SCell

MBMS Interest Indication

PCell

SCell


Figure 2: UE Receiver Bandwidth Reconfiguration according to Option 2
We propose that RAN2 should discuss which implementation option is assumed for UE receiving eMBMS on configured SCell.

Proposal 3: RAN2 should discuss which implementation option is assumed for UE receiving eMBMS on configured SCell.
· Option 1: UEs receiving eMBMS on configured SCell reconfigures receiver bandwidth upon activation/deactivation (assuming that SCell is activated for MBMS transmissions).
· Option 2: UEs receiving eMBMS on configured SCell do not reconfigure receiver bandwidth upon activation/deactivation.
4. Activation/Deactivation on SCell configured for non-MBMS
Let’s discuss another scenario as shown in figure 3. UE is interested to receive MBMS on SCell#1. eNB adds SCell#1 and SCell#2 for UE. Then, eNB could activate or deactivate SCell#2 when UE is receiving MBMS on SCell#1. 
In this scenario, if UE is implemented based on option 1, activation or deactivation on SCell#2 may cause interruption to MBMS reception on SCell#1, because UE will reconfigure receiver bandwidth upon activation/deactivation. It will degrade MBMS user experience. 
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Figure 3: UE Receiver Bandwidth Reconfiguration according to Option 1 (for 2 configured SCells)
Thus, as shown in figure 3, if UE is implemented based on option 1, eNB could carefully determine activation/deactivation time for UE interested to receive MBMS, in order to avoid interruption to MBMS reception. Namely, if UE is interested to receive MBMS, eNB may advance or postpone activation/deactivation time on a SCell configured for non-MBMS e.g. SCell#2 in figure 3.

Observation 1: if UE is implemented based on option 1, eNB would carefully determine activation/deactivation time on configured non-MBMS SCell (SCell#2 in figure 3), in order to avoid interruption to MBMS reception on configured MBMS SCell (SCell#1 in figure 3).

In this scenario, if UE is implemented based on option 2, UE does not reconfigure receiver bandwidth upon activation/deactivation. UE receiver bandwidth should always cover all configured SCells as well as PCell, while SCells are configured. It means that power saving gain resulted by activation/deactivation on SCells would be reduced.
Observation 2: if UE is implemented based on option 2, UE receiver bandwidth should always cover all configured SCells as well as PCell, so that UE would inefficiently consume battery power not only for MBMS SCell but also for non-MBMS SCells.
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Figure 4: UE Receiver Bandwidth Reconfiguration according to Option 2 (for 2 configured SCells)
5. UE capability for MBMS reception on configured SCell

Depending on which implementation option is applied to UE receiving eMBMS on configured SCell (i.e. not on configurable SCell), we would have two alternatives for UE capability related to eMBMS reception on configured SCell:
· Alternative 1: MBMS reception on activated SCell

· This IE indicates whether the UE does not support MBMS reception on an SCell. Absence of this IE implies that UE supports MBMS reception on configured SCell in activatated state.
· MBMS reception on SCell is not supported during deactivated state
· Alternative 2: MBMS reception on configured SCell
· This IE indicates whether the UE does not support MBMS reception on an SCell. Absence of this IE implies that UE supports MBMS reception on configured SCell in both activatated state and deactivated state.
We propose that RAN2 should discuss which alternative is preferred for capability of UE receiving eMBMS on configured SCell.
Proposal 4: RAN2 should discuss which alternative is preferred for capability of UE receiving eMBMS on configured SCell.

· Alternative 1: MBMS reception on activated SCell

· Alternative 2: MBMS reception on configured SCell
6. Conclusion
In conclusion, we discuss how UE/eNB should behave for eMBMS reception on configured SCell i.e. configured SCell, and we propose the followings:
Proposal 1: If UE supports MBMS reception on configured SCell, but if UE does not support MBMS reception on configurable SCell, UE in RRC_CONNECTED is not required to receive MBMS until eNB adds SCell on the MBMS frequency according to a MBMSInterestIndication message.
Proposal 2: If UE supports MBMS reception on configured SCell, but if UE does not support MBMS reception on configurable SCell, eNB should add SCell on the MBMS frequency upon receiving MBMSInterestIndication message.
Proposal 3: RAN2 should discuss which implementation option is assumed for UE receiving eMBMS on configured SCell.

· Option 1: UEs receiving eMBMS on configured SCell reconfigures receiver bandwidth upon activation/deactivation (assuming that SCell is activated for MBMS transmissions).
· Option 2: UEs receiving eMBMS on configured SCell do not reconfigure receiver bandwidth upon activation/deactivation.
Observation 1: if UE is implemented based on option 1, eNB would carefully determine activation/deactivation time on configured non-MBMS SCell (SCell#2 in figure 3), in order to avoid interruption to MBMS reception on configured MBMS SCell (SCell#1 in figure 3).

Observation 2: if UE is implemented based on option 2, UE receiver bandwidth should always cover all configured SCells as well as PCell, so that UE would inefficiently consume battery power not only for MBMS SCell but also for non-MBMS SCells.
Proposal 4: RAN2 should discuss which alternative is preferred for capability of UE receiving eMBMS on configured SCell.

· Alternative 1: MBMS reception on activated SCell

· Alternative 2: MBMS reception on configured SCell
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