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1 Introduction

At RAN#51 the eMBMS Rel-11 WI was agreed as described in [1]. One of the objectives is to “specify mechanisms to enable the network to provide continuity of the service(s) provided by MBSFN”. Service continuity shall be ensured for both connected and idle mode UEs in “deployment scenarios involving one or more frequencies”.
For CA and MBMS capable UEs, the minimum requirement, at least in Rel-10, is to be able to receive MBMS on the PCell. However, UEs may also be able to receive MBMS services from an SCell or from a non-serving cell. Such a non-serving cell could be provided by the same eNB as the currently configured serving cells, but also by a neighboring eNB within the same network, or even by an eNB broadcasting a different PLMN. 

In Rel-10, MBMS reception on cells other than the PCell is up to UE implementation and not known to the network. However, as discussed in [2] and [3], the knowledge about these UE capabilities is essential for simultaneous MBMS and unicast communication and also for realizing service continuity.
This contribution discusses how a Rel-11 MBMS UE could provide the network with information about its MBMS reception capabilities by reusing to a large extent the capability information that was introduced already in Rel-10. The document also discusses the relation and dependencies between carrier aggregation and MBMS.
2 Discussion
In order to ensure service continuity and parallel MBMS and unicast reception, the network must know on which carriers the UE is able to receive simultaneously as well as which MBMS services or frequencies the UE attempts to receive. In addition, the network needs to account for the UE’s decoding and processing capabilities when scheduling unicast data while the UE is known to receive MBMS.
In the SupportedBandCombination IE
 the UE indicates to the network which combinations of carriers on which bands it supports, i.e., which carriers could potentially be used as (primary/secondary) serving cells. As discussed in the scope of Rel-10, these capabilities are primarily determined by the UE’s radio front-end and base-band design. Therefore, we assume that a cell (carrier) that a UE could use as a serving cell (carrier) could alternatively or in addition also be used for receiving MBMS. Consequently, the eNB can use the information provided in the band combination IE to determine, whether a UE is capable of receiving MBMS on a certain carrier and how this capability changes when serving cells are added or removed. However, this requires that the eNB knows that the UE is able to receive MBMS on cells/carriers other than the PCell. Since this was not required from a Rel-10 UE, this capability could easily be indicated by a new capability bit to be defined in Rel-11. To our understanding, the main difference for MBMS reception on SCells or non-serving cells is that the UE needs to read (MBMS related) system information since this is not provided e.g. via dedicated signaling. Therefore, if the UE supports MBMS reception on the SCell, it will have to obtain SIB1 to find the scheduling information for SIB13, and then read MBMS relevant system information on SIB13 from this cell. For a non-serving cell, a similar procedure can be assumed. Thus, there is no need to distinguish between MBMS reception capability on SCell or non-serving cell.

One should note that reusing the SupportedBandCombination IE requires aligning the band combinations supported for carrier aggregation and for MBMS. In other words, a UE that offers unicast and MBMS reception on a certain band combination must also support carrier aggregation in that combination. However, we think that this is an acceptable restriction.

To summarize, we assume the following:
Assumption 1: If the UE supports MBMS reception on carriers/cells other than the PCell, it is capable of receiving MBMS on any carrier on which it could be configured with a (primary/secondary) serving cell. 
… or from a network perspective: 

Assumption 2: Based on the band combination IE, the knowledge about reception capability on cells other than the PCell and the information about currently configured serving cells, the network can determine on which carrier(s) the UE is capable of receiving MBMS.
2.1 Examples
In the following we assume a multi-frequency scenario with carriers on f1, f2, f3 and f4, where MBMS is provided on carrier f2 in band a (see Figure 1).
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Figure 1: Different UE capabilities for CA+MBMS
Table 1 depicts a simplified example of a SupportedBandCombination IE as defined in Rel-10. The IE indicates that the UE is capable of intra-band contiguous carrier aggregation of up to two carriers with up to 200 resource blocks (class C) in band a (row 1) or band b (row 2). Furthermore, the UE is capable of inter-band carrier aggregation with one carrier per band with up to 100 resource blocks each (class A). 

	
	Band a
	Band b

	1
	C
	

	2
	
	C

	3
	A
	A


Table 1: Examples of supported band combinations 
We assume furthermore, that this UE indicates support for receiving MBMS on cells/carriers other than the PCell and that it informs the network about its intention to receive MBMS on a certain carrier as described in ‎[4]. With this information at hand the eNB can determine whether the currently configured serving cell(s) allow the UE to receive MBMS as intended and if not, which reconfiguration could be performed. Several cases for such a UE are described below.
Case 1: If the UE has its PCell on f2, no SCells configured and it indicates interest in the MBMS service offered on this carrier, the eNB knows that the UE will be able to receive MBMS. Since no unicast data is scheduled to this UE in MBSFN subframes, no special care needs to be taken of the UE’s processing capabilities. All this applies already for Rel-10 UEs.

Case 2: We assume that the UE has its PCell on f1, f3 or f4 and no SCells configured. If the UE indicates interest in an MBMS service on f2, the network may trigger a PCell handover to f2 to ensure that the UE can receive the MBMS service as intended. However, the information provided by the UE in combination with the fact that no SCells are configured, allows the network to maintain the currently configured PCell and be sure that the UE’s RF capabilities still allow for receiving MBMS on f2. If the UE has its PCell on f1, this can be derived from the intra-band aggregation capability signaled in row 1. If the UE has its PCell on f3 or f4 it is concluded from the inter-band aggregation support signaled in row 3.
Case 3: If the UE is configured for intra-band carrier aggregation on band a (carriers f1 + f2) it is also capable of receiving MBMS on f2 no matter whether this is the PCell or the SCell. 

Case 4: If the UE is configured for intra-band carrier aggregation on band b (carriers f3 + f4), see row 2, the network knows that the UE is not able to receive MBMS on f2. As soon as the UE indicates interest in receiving MBMS on carrier f2, the network should therefore at least release one of the serving cells on band b. It may optionally configure a serving cell on f2 in combination with either f3 or f4, see row 3, or it could setup carrier aggregation of f1 and f2, see row 1. 
If the network is not forced to configure the MBMS carrier/cell as the PCell to ensure service continuity for the UE, the network has the major advantage that it can flexibly select the PCell in carrier aggregation scenarios based on both the channel quality on the carriers and the band combination capabilities indicated by the UE. Thus, the network may maximize or maintain transmission and reception performance for unicast while MBMS reception is ongoing.
3 Conclusion

In this contribution we discussed how a Rel-11 MBMS UE could provide the network with information about its MBMS reception capabilities by reusing the SupportedBandCombination IE introduced in Rel-10. Furthermore, we described advantages when the network knows about the UE capability to receive MBMS on other carriers/cells than the PCell. Based on this discussion we propose the following:
Proposal 1 Reuse the existing SupportedBandCombination IE to derive MBMS related reception capabilities.
Proposal 2 Indicate in the UE capabilities whether the UE is capable of receiving MBMS on other carriers/cells than the PCell (using a 1-bit indicator).
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