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1. Introduction
Macro diversity techniques adopted for MBMS, such as soft combining and selection combining, have shown to be useful to obtain good coverage and high spectral efficiency ‎[1]. In ‎[2], we showed that substantial additional improvements could be obtained by introducing an MBMS dedicated carrier in a single frequency network (SFN), i.e. a group of synchronized base stations, using a common scrambling code and transmitting the same contents with the same channelization codes. 
The introduction of a dedicated carrier for MBMS has been proposed in the feasibility study ‎[4] as a potential improvement for MBMS. This will provide additional MBMS capacity and reduce the risk for system overload in the associated network for unicast services. Transmitting MBMS on SFN has been addressed for E-UTRA ‎[3], and should be considered as a network deployment possibility also for UTRA.

In ‎[4], dual receiver chain UEs are considered for simultaneous reception of MBMS on the dedicated MBMS carrier and non-MBMS on a carrier that is not dedicated to MBMS. In this contribution, we outline how single receiver chain UEs can operate on both a dedicated MBMS carrier and a carrier that is not dedicated to MBMS, with focus on the mobility aspects. 
In this contribution we discuss how the system information (or possibly a subset of it) can be transmitted on BCCH at the carrier that is not dedicated to MBMS transmission, while allowing a single receiver chain UE to continue receiving MBMS SFN data on the MBMS dedicated carrier. 
For the sake of simplicity, we refer to the carrier that is not dedicated to MBMS transmission as the “unicast carrier” throughout the rest of this document.
2. MBMS dedicated carrier and mobility
A UE needs to monitor paging indicators and occasionally read control channels such as PCH and BCH, as well as performing cell measurements required for camping on the best unicast cell. In this contribution, the single receiver chain UE camps on the unicast carrier, on which paging and mobility measurements are conducted by using the same principle as defined for Rel-6 MBMS. Furthermore, information about the dedicated MBMS carrier (frequency, codes and other relevant parameters) can be provided by higher layer signaling on the unicast carrier.
The UE will be required to read BCH after cell reselection (or handover) or after change in BCH information. The BCH reading may require up to 1 second, which will cause interruption in mobile TV reception that cannot be recovered by the channel coding or the application layer FEC. The frequency of interruption will mainly depend upon the speed at which the mobile moves through the network, i.e. at higher speed the cell reselection will be more frequent. A single receiver chain UE should be able to read the necessary BCCH information while continuing to receive data on the MBMS dedicated carrier with the desired QoS. 
Another mobility aspect is that UEs need, occasionally, to perform LA/RA update procedures such that they can be paged by the core network. The LA/RA registration updates occur not so often, but the signaling involves the core network and the updating may take a few seconds. Furthermore, signaling for performing Cell/URA updates to the RNC is faster but will also have a considerable impact on the MBMS reception on SFN if the UE needs to DRX the MBMS data during that time. One solution to this could be to switch a UE in an ongoing MBMS session from the MBMS SFN carrier to a ptp or ptm transmission on the unicast carrier, when performing these types of updates. We assume here that a single receiver chain UE is supporting reception MBMS on the unicast carrier as defined in Rel-6.
3. Time multiplexing of MBMS services on the dedicated carrier and transmission of BCCH bursts on the unicast carrier
The MBMS services could either be purely code multiplexed on the dedicated MBMS carrier, or be both time and code multiplexed as illustrated in Figure 2. In general it is beneficial to time multiplex MBMS services to improve the battery time, since we assume that a user is e.g. not watching all TV channels simultaneously.

While receiving MBMS data on the dedicated MBMS carrier, the UE listens to the BCCH information on the unicast carrier. This can be achieved by either reserving certain TTIs on the dedicated MBMS during which the relevant BCCH information is transmitted on the unicast carrier, or by making use of the fact that a UE is not receiving MBMS data in every TTI. Another possibility is to DRX the reception of the MBMS data on dedicated MBMS for short periods (i.e. short BCCH burst duration plus some switching time) with higher data rate in relatively long intervals and let channel coding recover the “punctured” data. 

The characteristics of the latter approach make it natural to map the BCCH information onto HS-DSCH. Recently, ‎[5] proposed to use HSDPA in state CELL_FACH. We propose to use the same mechanisms to transmit the relevant BCCH data for UEs receiving MBMS SFN data on a dedicated carrier. This implies that the necessary system information is to some extent duplicated in the unicast cell.
In the scenario depicted in Figure 1, the UE will not receive MBMS data when it has to listen to the BCCH due to mobility and when the short BCCHs burst coincide with MBMS reception (see e.g. right hand side of Figure 1). The MBMS TTI is expected to be much longer than the HS-DSCH burst that carries the BCCH data. Hence, most only part of the MBMS data is “punctured” and can be recovered by channel coding.
It should be noted that the UE will have to switch between the carriers to decode BCCH only after reselection of unicast cell. The toggling time is typically in order of 100-200 (s.
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Figure 1 Time and code division multiplexed MBMS services on the dedicated MBMS carrier.
4. Support for multiple services with a single receiver chain UE
A single receiver chain UE should be capable of receiving MBMS ptp / ptm services on a unicast carrier (i.e. as in Rel-6), or MBMS sent on ptm bearers on the dedicated MBMS carrier in SFN mode. Simultaneous reception of MBMS and non-MBMS services, such as e.g. voice, or/and HSPA traffic, can be achieved in the unicast cells as defined in MBMS Rel-6. 
When a single receiver chain UE listens to a service in SFN mode and receives e.g. a voice call (or initiates a call setup), the MBMS session could be switched to the unicast carrier. The monitoring of the paging channels is discussed in section 2. A ptp MBMS connection would then be established, either on DCH or on HS-DSCH, if the particular MBMS service, e.g. the mobile TV program of interest, is not sent as ptm in the unicast cell. To allow this, the UE should be capable of reading/receiving MCCH and MTCH either on the MBMS dedicated carrier or on the unicast carrier. 
In principle, the main difference between a Rel-6 MBMS capable UE and a single receiver chain UE MBMS SFN capable UE from this contribution perspective is that the latter can also listen to MBMS sent on the SFN, as illustrated in Figure 2. 
This scenario is illustrated in Figure 2 which is similar to the “Scenario 3” in ‎[4], where it is discussed for dual receiver chain UEs and no SFN operations.


[image: image2.emf] 

MBMS  SFN  dedicated  carrier :   MBMS service s  DL only  

Unicast carrier :   U nicast  services ,  UL and DL  

Supporting  mechanism for single  receiver  chain  UEs   


Figure 2: Scenario considered for a single receiver chain MBMS UE.
5. Conclusion
We have outlined aspects of mobility handling of single receiver UEs operating on both an MBMS dedicated carrier and on a unicast carrier, enabled by time (and code) multiplexing of services on the dedicated MBMS carrier together with burst transmission of BCCH data using the principle of CELL_FACH transmissions over HSDPA. The time multiplexing alone will improve the UE battery time. Furthermore, we have discussed how multiple services can be supported during an ongoing MBMS session. We propose to include the support for single receiver chain UEs with MBMS SFN operation on a dedicated carrier as part of the MBMS improvements.
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