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Discussion and decision
1. Introduction
In Rel-11, a UE indicating interest in MBMS shall support MBMS reception on the indicated frequencies according to supportedBandCombination, no matter whether the frequency is configured as SCell or not. When SCell is not configured for that indicated frequency, it is called MBMS reception on “configurable SCell”.

In RAN2#85 meeting, the following agreements were achieved and a few items were left for further study [1]. 
	Agreements
2
The UE is not required to support MBMS reception from a non-serving cell on the frequency of concern if the non-serving cell and the serving cells do not fall within the delay spread as defined in TS36.300. 

FFS: However, when sending an MII  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. 

4
If MBMS is provided on a DL only carrier the NW provides also system information change notification on that carrier so that the UE can rely on this mechanism for acquiring updated SI. 




In this document we discuss the FFS items above, and present the need to further clarifying UE requirements around the “configurable SCell”. 
2. Discussion
2.1. Synchronization among cells

2.1.1. SFN synchronization  

It has previously discussed that UE is not required to support MBMS reception from a non-serving cell on the frequency of concern if the non-serving cell is not configurable as a SCell. 
Observation 1: For CA operation synchronization requirements state that deployed frame timing and SFN are aligned across cells that can be aggregated [2]. 

RAN2 has agreed that an autonomously configured cell for MBMS purposes should satisfy the CA requirements (considered configurable SCell). Furthermore, RAN2 agreed that the delay spread between non-serving cell on the frequency of concern and the serving cells should fall within the requirement defined in TS36.300. UE is not expected to receive MBMS if the timing difference between serving cells at the UE receiver exceeds the defined delay spread in [2] (30 s for inter-band and none for intra-band) .

However, it has not been agreed whether frame timing and SFN synchronization is required for MBMS reception on a configurable SCell. 

Observation 2: The main difference between CA and autonomously configured SCell (self-configured) for MBMS reception is that the latter can be a cell from another eNB. Therefore, SFN synchronization between the eNBs (in the eMBMS area) is required to support MBMS reception from a non-serving cell.
Proposal 1: RAN2 to discuss and confirm that UE is not required to support MBMS reception from a non-serving cell on the frequency of concern if the non-serving cell and the serving cell(s) do not have frame timing or SFN synchronization.  
2.1.2. Transmission of MBMS Interest Indication (MII) for more than one carrier
It is left for further study whether UE shall transmit MBMS Interest Indication (MII) for additional carriers after it determines it can actually receive MBMS simultaneously given the sync properties of these carriers or not. 

Observation 3: Depending on the network configuration, a second carrier frequency may contain multiple cells, some of which are synchronous to the current UE’s serving cell and some that are not. The CA delay spread requirements are derived assuming both PCell and SCell(s) belong to the same eNB. This is not necessarily the case when it comes to self-configured SCell for MBMS reception purposes. 
Observation 4:  Determining whether a secondary frequency has any/multiple synchronous cells and whether any of the cells is strong enough for proper MBMS reception requires neighbor search and measurements. 
Observation 5:  Depending on UE capability, UE may require measurement gaps to perform search/measurements on a carrier frequency other than the serving frequenci(es).   Measurement gaps may not be provided to the UE by eNB since eNB is not aware of UE’s interest in MBMS reception. 
Observation 6: In addition to autonomous SCell configuration, MII indicating a carrier frequency other than serving frequencies can also be used by eNB to either (1) handover the UE to the other frequency, (2) redirect the UE to the other frequency, or (3) choose and add a suitable SCell on the secondary carrier. 

Observation 7: If UE is expected to determine whether it can actually receive MBMS simultaneously by autonomous configuration of a SCell before sending MII, it can substantially delay the eNB actions upon reception of MII, which can result in disruption to the continuity of a service.. 
Observation 8: The sync properties of the cells on a secondary carrier may change after UE transmits MII due to UE mobility. A cell that was synchronous may become async and vice-versa (especially when the cells are from different eNBs). This is more likely for intra-band deployments where the delay spread is limited to 260ns. 
Proposal 2: Given observations 3-8, UE should be able to send MII without checking for synchronization state of the non-serving frequencies. 
Proposal 3: The check for subframe and SFN synchronization for self-configurability can be achieved with either of the below options: 

3a) UE is required to perform neighbor search and measurements on the non-serving frequency after the transmission of MII to find a suitable self-configured SCell. If RAN2 agrees with this solution a LS can be send to RAN4 to discuss UE performance requirements.

3b) A frequency synchronization indication can be added to SIB15 indicating if MBSFN on a set of inter frequency carriers is synchronized or not. UE can take this information into consideration and determine whether it should send MII for a frequency or not. 

The proposal 3b) has the advantage that if the same content is sent on multiple frequencies, the UE can choose which one to report if it knows sync information. Alternatively, UE will know that if the frequency is async, it should wait for eNB’s action after transmission of MII. 
Proposal 4:  UE may autonomously configure a suitable SCell immediately after transmission of MII. However, UE shall comply with the eNB decisions upon reception of MII (handover, SCell addition, etc.) 
2.2. Impact of self-configured SCell on UE capability
The UE capability on performing inter-frequency measurements is signaled to the eNB via interFreqNeedForGaps and interRAT-NeedForGaps IEs. This IE indicates the need for measurement gaps for each band, per band and per band combination [3].

	interFreqNeedForGaps

Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the E‑UTRA band given by the entry in interFreqBandList.


Given that SCell configuration (addition/release) is controlled by eNB, at all times during connected mode, eNB is aware of UE’s need for gaps for inter-frequency measurement capability.

Observation 9: From UE perspective, a self-configured SCell is similar to an eNB configured SCell with respect to the need for gaps. 
To discuss further consider the following example: 

· UE signals the following in its capability: 

· Gaps are not needed for measurements of Bandx, Bandy when connected to Bandz. 

· Gaps are not needed for measurements Bandz when connected to Bandy.
· Gaps are not needed for measurements Bandz when connected to Bandx.
· Gaps are needed for every band when connected to (Bandx + Bandz) or (Bandy + Bandz)
· Gaps are needed on the bands/band combinations not mentioned above. 
Assume UE is connected to a cell on Bandz, transmits an MII for a carrier frequency belonging to Bandz and autonomously configures a SCell. From this point on, UE is not capable of measurements without gaps on any other band. 
Observation 10: eNB should consider a self-configured SCell similar to a configured SCell when it comes to interpreting UE’s need for gaps in connected mode. 

Observation 11: Given that a self-configured SCell is transparent from eNB, it should be discussed how the change in the need for gap capability is understood by the eNB. Otherwise, the mobility performance in certain scenarios is substantially impacted.  

Option 1:
eNB's implicit understanding of capability change when MII is received. In this case, eNB either (1) reacts to the UE MII with inter-frequency interprets (handover, redirection or SCell addition) or (2) updates the UE’s need for gap capability immediately. 

· If UE signals a single frequency other than serving frequenci(es), eNB considers the need for gap capability related to CA being configured on that band combination. 

· If UE signals multiple frequencies(on the same or different bands) other than serving frequenci(es),  AND the signaled frequencies exceed UE’s CA capability: 

eNB considers the need for gap capability of the UE is updated assuming the worst case CA combination configuration possible. For example, if UE signals f2 on Bandx and f3 on Bandy while connected to f1 on Bandz, eNB should select the interFreqNeedForGaps for each band, combining signaled CA capability of (Bandx + Bandz) and (Bandy + Bandz). This is OR operation on the signaled interFreqNeedForGaps for these band combinations (only FALSE OR FLASE means UE does not need gap).
· The above interpretation should be extended to aggregation of more than two carriers as well.

Furthermore, given that the UE capability should be transferred properly at the time of inter-eNB handover for a UE with self-configured Scell, the following change in the X2 signaling should be considered

	–
AS-Context
The IE AS-Context is used to transfer local E-UTRAN context required by the target eNB.

AS-Context information element
-- ASN1START

AS-Context ::=






SEQUENCE {


reestablishmentInfo





ReestablishmentInfo


OPTIONAL
-- Cond HO
}

AS-Context-v1130 ::=




SEQUENCE {


idc-Indication-r11





OCTET STRING (CONTAINING












InDeviceCoexIndication-r11)
OPTIONAL,
-- Cond HO2


MII -r11



OCTET STRING (CONTAINING












MII -r11)
OPTIONAL,
-- Cond HO3

powerPrefIndication-r11




OCTET STRING (CONTAINING












UEAssistanceInformation-r11)
OPTIONAL,
-- Cond HO2


...

}

-- ASN1STOP

AS-Context field descriptions
idc-Indication

Including information used for handling the IDC problems.
reestablishmentInfo

Including information needed for the RRC connection re-establishment.
Conditional presence

Explanation
HO

The field is mandatory present in case of handover within E-UTRA; otherwise the field is not present.

HO2

The field is optional present in case of handover within E-UTRA; otherwise the field is not present.

HO3
The field is mandatory present if UE is considered to have a self-configured SCell for MBMS reception purposes and optional present otherwise, in case of handover within E-UTRA; otherwise the field is not present.




Option 2:
In response to a UE MII with interest to a non-serving frequency, and if eNB is not acting on it (handover, redirection, or SCell addition), a new UECapabilityEnquiry message is sent to the UE and the UE responds with the new capabilities set in the UECapabilityInformation message . 

UE shall update its capabilities as discussed above considering the reported non-serving frequenci(es) in the MII with the assumption that any one or more of them can be autonomously configured as SCell for MBMS purpose. The updated capability is set as the contents of UECapabilityInformation.
Option 3:
New UE interFreqNeedForGaps capability signaling may be introduced for potential self-configured SCell(s) similar to the interFreqNeedForGaps per CA band combinations. 

Proposal 5: RAN2 to discuss and agree on a way forward on maintaining the need for gap capability of the UE with self-configured SCell. The following options are proposed:

4a) eNB's implicit update of the need for gap capability (considering the worst case scenario) after reception of MII. This implicit update should be carried over to the target eNB at the time of handover. UE shall send a MII with null interest (or without an inter-frequency interest) upon completion of MBMS reception period. Another implicit capability update is needed if eNB receives an MII with null interest (or without an inter-frequency interest). 
4b) In response to an MII with interest to a non-serving frequency, eNB sends another a UECapabilityEnquiry message to the UE to get the updated capability.  This is expected if eNB is not using other MBMS reception methods (e.g. handover or SCell addition). UE shall update its capabilities in the capability update (considering the worst case scenario).
4c) Addition of new interFreqNeedForGaps IEs to the UE capability for each band and per band combination for a self-configured SCell. 
2.3. MBMS reception on a self-configured TDD SCell with a different UL/DL configuration compared to serving cells. 
Inter-band TDD CA with different UL/DL configurations is a mandatory Rel-11 feature.  For a UE not supporting simultaneous reception and transmission (full duplex), the TDD functionalities, e.g. reference TDD configuration, handling of Tx/Rx collision and HARQ timing are defined based on the PCell and SCell(s) UL/DL configuration. 

These functionalities are considered to be baseband functionalities and the DL and UL subframes of each carrier are determined according to predefined TDD UL/DL configuration groups. 
In [4], RAN2 agreed to introduce an IoT indication for different cases with different UL/DL configuration combinations:

Case 1: SCell DL subframes are a subset of PCell by SIB1 configuration or SCell DL subframes are a superset of PCell by SIB1 configuration;

Case 2: SCell DL subframes are neither superset nor subset of PCell by SIB1 configuration Per TDD configuration combination/Per group of TDD configuration combination IoT indication
Observation 12: The same requirements for handling of Rx/Tx collisions of the serving cells and PMCH decoding on the MBSFN of the configured SCell should apply to MBMS reception on the self-configured SCell. 
Observation 13: Depending on the user's interest in specific programs, MBSFN configuration of the self-configured SCell, and serving cell's UL/DL configuration, there exists some instances that UE may not be able to properly receive PMCH due to Tx/MBSFN collisions. 

Observation 14: If UE has multiple frequencies/bands to choose from for MBMS reception on a self-configured SCell, it may select the frequency/band with least/minimum Tx/MBSFN collision.

Proposal 6: RAN2 to discuss self-configured SCell operation on band combinations with different DL/UL configuration. RAN2 confirms that the same requirements for handling of Rx/Tx collisions of the serving cells and PMCH decoding on the MBSFN of the configured SCell should apply to MBMS reception on the self-configured SCell.
Proposal 7: It is left to the UE implementation which frequencie(s) to choose for MBMS reception of self-configured SCell with different UL/DL configurations which have the least Tx/MBSFN collision on the interested channels. Since determining UL/DL, SSF and MBSFN configuration requires MIB/SIB1/SIB2 decoding of the candidate for configurable SCell, UE may repeat the MII transmission process until a suitable frequency is found. 
2.4. RF retuning and glitch
The current specifications do not specify if a glitch due to RF retuning for the MBMS reception on configurable SCell is allowed. From the UE point of view, the same form of RF tuning is necessary for the regular SCell addition and the UE autonomous addition of configurable SCell.

It is also not clear in the current specification when the UE should perform the UE autonomous SCell addition with respect to the timing of MBMS Interest Indication. For instance the UE may want to wait for the eNB to take an action, e.g. SCell addition, to accommodate the UE’s preference in the MII before going ahead with the UE autonomous SCell addition.
Observation 15: based on the proposal 4, UE can immediately configure a self-configured SCell after transmission of MII. During which a glitch may occur. Furthermore, if eNB reacts to the MII and configures another SCell (presumably on another frequency), there will be another glitch.  

Proposal 8: The UE autonomous addition of configurable SCell is left to the UE implementation. The location of the glitch on serving cell(s) may not be predictable. However, the duration of the glitch can be determined. 

Observation 16: RAN4 have considered controlled glitches for a deactivated SCell in certain scenarios for power saving purposes. Such glitches depend on the inter/intra-band configuration and measCycleSCell.  Similarly, controlled glitches on an autonomously configured SCell can be allowed as a function of MBFSN subframe density. 
Proposal 9: UE can be allowed to have controlled glitches for power saving purposes depending on the MBSFN configured density.  The requirements for glitches due to autonomously configured SCell(s) should be discussed in RAN4.

Proposal 10: RAN2 to send an LS to RAN4 informing them of the agreed proposals for RF tuning glitches and request RAN4 to comment on the requirement details.  
2.5. Introduction of capability bit for MBMS reception on SCell and self-configured SCell
As discussed in the previous RAN2 meetings and further above, the reception of MBMS on the SCell and self-configured SCell requires close coordination between UE and eNB. 
Given that MBMS reception on SCell and configurable SCell is a mandatory feature in Rel-11 and the stage of product planning and development, it is suggested that a capability bit is added for this feature. 
Observation 17: without proper capability bit potential UE/eNB misalignments or UE issues can make this feature unsuccessful. 

Proposal 11:  Reception of MBMS on SCell and self-configured SCell still require considerable clarifications and changes to the UE requirements. In addition, a close coordination between UE and eNB is required even for an autonomously configured SCell.  Furthermore, if a new mechanism or new signaling is deemed necessary in Rel-11 based on the discussion above, RAN2 should consider introducing UE capability to address such late Rel-11 standard change.  



It is requested that RAN2 considers addition of IoT/capability bit for this feature.  A draft CR to 36.331 is provided for the introduction of this capability bit. 
3. Conclusion

In this document we discussed the need to further clarifying UE requirements around MBMS reception on the configurable SCell.
Proposal 1: RAN2 to discuss and confirm that UE is not required to support MBMS reception from a non-serving cell on the frequency of concern if the non-serving cell and the serving cell(s) are not SFN synchronous.  

Proposal 2: Given observations 3-8, UE should be able to send MII without checking for synchronization state of the non-serving frequencies. 
Proposal 3: The check for subframe and SFN synchronization for self-configurability can be achieved with either of the below options: 

3a) UE is required to perform neighbor search and measurements on the non-serving frequency after the transmission of MII to find a suitable self-configurable SCell. If RAN2 agrees with this solution a LS can be send to RAN4 to discuss UE performance requirements.

3b) A frequency synchronization indication can be added to SIB15 indicating if MBSFN on a set of inter frequency carriers is synchronized or not. UE can take this information into consideration and determine whether it should send MII for a frequency or not. 

Proposal 4:  UE may autonomously configure a suitable SCell immediately after transmission of MII. However, UE shall comply with the eNB decisions upon reception of MII (handover, SCell addition, etc.) 

Proposal 5: RAN2 to discuss and agree on a way forward on maintaining the need for gap capability of the UE with self-configured SCell. The following options are proposed:

4a) eNB's implicit update of the need for gap capability (considering the worst case scenario) after reception of MII. This implicit update should be carried over to the target eNB at the time of handover. UE shall send a MII with null interest (or without an inter-frequency interest) upon completion of MBMS reception period. Another implicit capability update is needed if eNB receives an MII with null interest (or without an inter-frequency interest). 

4b) In response to an MII with interest to a non-serving frequency, eNB sends another a UECapabilityEnquiry message to the UE to get the updated capability.  This is expected if eNB is not using other MBMS reception methods (e.g. handover or SCell addition). UE shall update its capabilities in the capability update (considering the worst case scenario).

4c) Addition of new interFreqNeedForGaps IEs to the UE capability for each band and per band combination for a self-configured SCell. 
Proposal 6: RAN2 to discuss self-configured SCell operation on band combinations with different DL/UL configuration. RAN2 confirms that the same requirements for handling of Rx/Tx collisions of the serving cells and PMCH decoding on the MBSFN of the configured SCell should apply to MBMS reception on the self-configured SCell.

Proposal 7: It is left to the UE implementation which frequencie(s) to choose for MBMS reception of self-configured SCell with different UL/DL configurations which have the least Tx/MBSFN collision on the interested channels. Since determining UL/DL, SSF and MBSFN configuration requires MIB/SIB1/SIB2 decoding of the configurable SCell, UE may send MII including all of the candidate frequencies. 
Proposal 8: The UE autonomous addition of configurable SCell is left to the UE implementation. The location of the glitch on serving cell(s) may not be predictable. However, the duration of the glitch can be determined. 

Proposal 9: UE can be allowed to have controlled glitches for power saving purposes depending on the MBSFN configured density.  The requirements for glitches due to autonomously configured SCell(s) should be discussed in RAN4.

Proposal 10: RAN2 to send an LS to RAN4 informing them of the agreed proposals for RF tuning glitches and request RAN4 to comment on the requirement details.  
Proposal 11:  Reception of MBMS on SCell and self-configured SCell still require considerable clarifications and changes to the UE requirements. In addition, a close coordination between UE and eNB is required even for an autonomously configured SCell.  Furthermore, if a new mechanism or new signaling is deemed necessary in Rel-11 based on the discussion above, RAN2 should consider introducing UE capability to address such late Rel-11 standard change.  



It is requested that RAN2 considers addition of IoT/capability bit for this feature.  A draft CR to 36.331 is provided for the introduction of this capability bit. 
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