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1. Introduction
According to the Rel-11 MBMS service continuity, the UE shall be able to receive MBMS on any frequency which can be potentially configured as a serving cell, even if the frequency is a non-serving frequency of the unicast [1]. This requires the UE to be able to autonomously configure a frequency based on its supportedBandCombination of the CA capability. Some issues on the autonomous configuration of MBMS frequency were raised in [2], and the FFS issues as captured in the meeting minutes are given below [3]:
	FFS: However, when sending an MBMSInterestIndication indicating more than one carrier, the UE shall verify that it can actually receive MBMS simultaneously given the sync properties of these carriers. 

FFS how to minimize the impact of RF retuning and glitch when the UE attempts to receive MBMS on a non-serving cell. 


In this contribution, some analysis and solutions on these issues are provided.
2. Discussion
2.1. Glitch issue
According to 36.306, “the UE supporting MBMS procedures shall support MBMS reception on any serving cell and on any cell that may be additionally configured as serving cell according to this field”. For the RRC_IDLE UE, the MBMS could be provided in the DL-only carrier. As the UE is not able to camp on the DL-only carrier, the UE has to autonomously configure the DL-only MBMS carrier according to its CA capability, so as to receive its interested MBMS services. Different from the unicast reception in which the sync properties of serving frequencies are guaranteed by the network, the verification of sync properties of a DL-only carrier has to be performed by the UE in RRC_IDLE. 
Observation 1: The autonomous configuration of the MBMS carrier and the UE-based verification of sync properties have to be supported by the MBMS UE, as the UE in RRC_IDLE needs to support MBMS reception on the DL-only MBMS carrier. 
Based on Observation 1, while the UE is checking the sync properties and performing the autonomous configuration of a non-serving frequency, the UE needs to re-tune its RF chain. This is no problem for the RRC_IDLE UE, but could cause the interruption of the unicast service for the RRC_CONNECTED UE as the network does not know when the UE is doing so. Here we listed a few solutions which could be considered for the autonomous configuration of MBMS frequencies in RRC_CONNECTED.
· Solution 1: UE implementation.
· Solution 2: Network implementation

· Solution 3: The UE does not support MBMS reception on non-serving cell, and rely on the network configuration.
· Solution 4: An indication from the UE indicates the UE is performing autonomous configuration.

· Solution 4.1: An explicit indication

· Solution 4.2: An implicit indication based on MBMSInterestIndication
Solution 1, 2 and 4 requires the UE to perform the autonomous RF retuning and verify the sync properties of the non-serving frequency. Solution 3 does not require the UE to do so in RRC_CONNECTED. 
In Solution 1, the interruption of unicast service due to UE autonomous RF retuning is considered to be acceptable. According to Section 7.7 and 7.8 of 36.133 [4], if the RF retuning is caused by the network configuration, the activation timing of the UE is specified to avoid the reception/transmission gap caused by the RF retuning. Given that the interruption time due to the RF retuning is up to 5 subframes [4], “up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell[2]is 640ms or longer” is allowed for the measurements on SCC when the SCell is deactivated. Therefore the UE autonomous configuration is already supported for measuring deactivated SCC, and the interruption is considered to be acceptable. From our understanding, the HARQ process can recover the packet lost during the interruption period. For the RLC AM mode, the RLC retransmission can also recover the packet lost at the RLC layer. For the RLC UM/TM mode, some temporary loss during the 5 ms are mostly acceptable. For the UE in RRC_CONNECTED, we do not have any prohibit mechanism (such as a prohibit timer) for the reporting of MBMSInterestIndication as the UE will not frequently change its MBMS interest. Then the UE will not frequently perform the RF retuning for configuring MBMS frequency, and the interruption due to the RF retuning should be considered as acceptable.
Observation 2: The interruption due to the RF retuning is only up to 5 subframes.

Observation 3: The UE autonomous RF retuning has already been supported for measuring deactivated SCC, and the interruption caused by the autonomous RF retuning is considered to be acceptable. 
In Solution 2, the UE waits for the network configuration after sending MBMSInteresIndication. The UE only performs the autonomous configuration while there is a transmission gap configured by the network. For example, the network can reconfigure the serving frequencies of the UE, and then the UE can autonomously add some MBMS frequencies which are not configured by the network during the period of RRC reconfiguration. Or the network can configure a temporary DRX, and the UE autonomously configure the MBMS frequency at the inactive period. More signaling may be needed to create and remove the DRX. Some clarifications for the UE autonomous configuration of MBMS frequency needs to be specified in the specification to limit the autonomous configuration only at the transmission gap configured by the network.
In Solution 3, the MBMSInteresIndication message is only based on SIB15 and USD. The UE does not need to verify the sync properties of any frequency, and no autonomous configuration of non-serving frequency is needed. The network guarantees the sync properties as the legacy CA. As one frequency due to congestion may not be used for the unicast transmission, the UE will not be able to receive its MBMS service if the network does not configure the frequency for the UE. However the network can configure a deactivated cell for the UE. Then the deactivated cell can contribute only to the MBMS reception and not cause further congestion of the frequency. Some clarifications are needed to guide the network implementation and clarify the UE behaviors.
In Solution 4.1, a new message (such as RFRetuningIndication) is reported by the UE while the UE is autonomously retuning its RF chain. The network can temporarily stop scheduling the data transmission for the UE after receiving the RFRetuningIndication. The detailed design of the reporting mechanism and the message content needs to be specified. 
In Solution 4.2, if the reported MBMS frequencies of interest and the serving frequencies belong to the same supportedBandCombination, the UE immediately configures the MBMS frequency(s) after reporting MBMSInterestIndication, and the network stops scheduling the UE for a short period (e.g 5-10ms) after receiving MBMSInterestIndicaiton. If the reported MBMS frequencies of interest and the serving frequencies belong to different supportedBandCombination, the UE has to wait for the network reconfigure one or more serving frequency(s) which belongs to the same supportedBandCombination as the reported MBMS frequencies of interest. And the UE autonomously configures the MBMS frequency(s) while the network is reconfiguring the UE. The UE behaviors need to be specified.
	
	Support of UE-based sync property check
	Support of autonomous configuration
	Signaling for network reconfiguration
	Signaling for indicating UE-based RF re-tuning (such as a new RFRetuningIndication message from the UE)
	Standard effort

	Solution 1
	Yes
	Yes
	Low
	No
	No

	Solution 2
	Yes
	Yes
	Medium-high
	No
	low

	Solution 3
	No
	No
	High
	No
	Medium

	Solution 4.1
	Yes
	Yes
	Medium
	Yes
	High

	Solution 4.2
	Yes
	Yes
	Low
	No
	Medium


As Rel-11 MBMS service continuity is closed and the 5ms interruption is not a big issue, we should minimize our work on introducing extra enhancements of avoiding the 5ms interruption. On the other hand, one objective of the MBMS service continuity is to keep the UE on the right frequency with minimized signaling. Thus we prefer to leave the glitch issue to the UE implementation.
Proposal 1: The autonomous configuration of MBMS frequency is left to the UE implementation.
2.2. UE requirements of sync property check
As discussed in Section 2.1, the UE in RRC_IDLE is required to verify the sync properties of DL-only carriers, and it does not matter if the number of interested frequencies is one or more. As such supporting the sync property check in RRC_CONNECTED will not introduce much complexity at the UE. Additionally, while the UE is in RRC_CONNECTED, if the UE checks the sync properties of its interest frequency(s) before sending the MBMSInterestIndication, then the network does not need to send reconfiguration signaling to the UE if the MBMS frequencies of interest and the current serving frequencies belong to the same supportedBandCombination. Thus we propose to require the UE in both IDLE and CONNECTED to verify the sync properties of each interested frequency.
Proposal 2: The UE shall verify the sync properties of MBMS frequency(s) of interested before sending MBMSInterestIndication message.
3. Conclusion
According to the analysis given above, we have the following proposals and observations for the autonomous configuration of MBMS frequency:
Observation 1: The autonomous configuration of the MBMS carrier and the UE-based verification of sync properties have to be supported by the MBMS UE, as the UE in RRC_IDLE needs to support MBMS reception on the DL-only MBMS carrier. 

Observation 2: The interruption due to the RF retuning is only up to 5 subframes.

Observation 3: The UE autonomous RF retuning has already been supported for measuring deactivated SCC, and the interruption caused by the autonomous RF retuning is considered to be acceptable. 

Proposal 1: The autonomous configuration of MBMS frequency is left to the UE implementation.

Proposal 2: The UE shall verify the sync properties of the MBMS frequency(s) of interested before sending MBMSInterestIndication message.
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