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1 Introduction

At RAN1 86 meeting, some agreements were achieved as following:
Agreements in respect of at least objectives a, b and c:

· If a carrier is operated with 100%  MBSFN subframe allocation, the new CP length and legacy extended CP for 15kHz subcarrier spacing are supported
· It is understood that 100% MBSFN subframe allocation does not preclude some resources being set aside for e.g. cell search
· FFS: Any SI that may be needed on this carrier will also be broadcasted in these subframes 
· In these subframes, FDM between PMCH and other channels (potentially with a different numerology) is not precluded. 
· With the 100% MBSFN subframe confuguration, this carrier does not support unicast transmissions in the downlink
· This carrier can be configured without a unicast control region in a subset of the MBSFN subframes (including all of them) 
· The UE is not expected to receive PMCH with legacy extended CP for 15kHz subcarrier spacing in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with the new CP in MBSFN subframes with unicast control region 
· If a carrier is operated with less than 100% MBSFN subframe allocation, the new CP length and legacy extended CP for 15kHz subcarrier spacing are supported
· This carrier has at least subframes 0 and 5 of each radio frame as non-MBSFN subframes
· FFS: Further CRS reductions
· This carrier can be configured without unicast control region in a subset of the MBSFN subframes (including all of them) 
· The UE is not expected to receive PDSCH/(E)PDCCH in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with numerologies other than the new CP length in the MBSFN subframes without unicast control region
· The UE is not expected to receive PMCH with the new CP length in MBSFN subframes with unicast control region
· eMBMS enhancements do not require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS 

· FFS whether use of more REs, TTI extension and/or change in payload are needed for PBCH coverage enhancements.

In this contribution, mechanisms for the carrier with increased MBSFN subframes are discussed. 
2 Synchronization and SI acquisition for 100% MBSFN subframe configuration
2.1 Design principles
First of all, as agreed in RAN1#86, the design should not “require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS”. For instance, the design and performance of PSS/SSS/PBCH should not be changed by the introduction of FeMBMS.
Moreover, SA1 developed a requirement for TV service enhancement that “the 3GPP network shall support flexible change between broadcast and unicast per traffic demand over the same carrier” [2]. To support this requirement, the allocation of broadcast and unicast resources on the carrier supporting MBSFN subframe extension should be configurable, i.e. a single design is used for 100% MBSFN subframe configuration and less than 100% MBSFN subframe configuration.
Three designs are discussed in this section: FDM-based, DRS-based and PCell-assisted. It can be seen that only the FDM-based approach complies with both of the above design principles.
2.2 FDM-based design
There are two options for frequency domain multiplexing:

· Option 1: The center 6 PRBs are reserved in subframes 0, 5.

· Option 2: The center n PRBs are reserved in subframes 0, 5.

For option 1, the advantages include the maximized resource utilization for MBSFN and the reuse of current PSS/SSS/MIB/SIBs transmission, therefore it requires minimal specification modification. If the reserved resource is considered to be insufficient, option 2 can be chosen that the reserved resource is configurable according to requirement.

By using FDM, the performance of PBCH and SIB1 is the same as legacy, and minimal specification modification is needed.
However, two aspects need to be considered for introducing FDM:
· Guard band
Different numerologies may be used for PMCH and non-PMCH resources, in which case a guard band may be needed.
· Complexity
Additional baseband processing may be needed when different numerologies are used for PMCH and non-PMCH resources.

Observation 1: FDM between PMCH and non-PMCH resources requires minimal specification changes, does not require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS, and allows flexible conversion of unicast and MBMS resources.

Proposal 1: 100% MBSFN subframe configuration is supported by means of FDM between PMCH and non-PMCH resources.
2.3 DRS-based design
The DRS-based design was proposed by some companies to relocate the common controls for 100% MBSFN subframe configuration in past meetings. It was actually already precluded when it was agreed in RAN1#86 that no changes should be introduced to other than PMCH and MBSFN-RS. And since it may change the resources for PSS/SSS/PBCH/SIBs, the physical layer processing for 100% MBSFN subframe configuration has to be different to that for less than 100% MBSFN subframe configuration. Apart from the increase of UE complexity, this does not allow flexible conversion of unicast and MBMS resources.

DRS was introduced for small cell enhancements in Release 12 where a discovery signal consists of PSS/SSS, CRS and optionally non-zero-power CSI-RS. A lot of specification work is required in order to extend the Rel-12 DRS design for FeMBMS, e.g. MIB, SIBs, coverage and periodicity of each signal/channel, etc. have to be reconsidered. This does not sound realistic given the very limited remaining TUs for the FeMBMS WI. 

More specifically the following problems have to be considered:

· DRS period

In Release 12, DRS period can be configured with different values via dedicated RRC signalling, the period can be set to 40ms, 80ms or 160ms. However, RRC signalling can’t be achieved for UEs in idle mode, that is to say, UEs in idle mode are unable to obtain the DRS period if multiple DRS periods exist for FeMBMS.

· DRS duration

Similar to DRS period, the DRS occasion is configured by RRC signalling. For frame structure 1, the duration can be set from one to five consecutive subframes while from two to five consecutive subframes for frame structure 2. For FeMBMS, signals for cell search, MBMS related system information and paging messages are needed to be transmitted to support UEs in idle mode, one subframe can carry these signals for large system bandwidths while multiple subframes are needed for small system bandwidths, e.g. 1.4MHz, so different DRS duration will be needed for different system bandwidth. However, UEs in idle mode can’t obtain the DRS duration.

· Resource utilization

For the carrier with 100% MBSFN subframe allocation, the following conclusion was reached:

With the 100% MBSFN subframe configuration, this carrier does not support unicast transmissions in the downlink
That means a DRS subframe will only contain common control signaling which occupies a relatively fixed total resources regardless of the system bandwidth. This becomes a problem for large system bandwidth, e.g. 20MHz where a large number of REs are likely to be wasted in a DRS subframe.
· Coverage of PBCH and PSS/SSS
Currently in LTE, MIB is carried by PBCH and has a period of 40ms with repetition every 10ms, while the PSS/SSS appears twice every 10ms. For FeMBMS carrier, if DRS is enhanced to support PBCH and PSS/SSS within the DRS duration, and the transmission/repetition periods of PSS/SSS/PBCH are longer than today, the coverage of PBCH/PSS/SSS will be degraded, especially in the longer CP + large ISD scenario. And if a short DRS period is instead configured, the resource utilization as mentioned above will be quite low especially when the system bandwidth is 20MHz.

· SIB transmission

In LTE, SIB1 uses a fixed scheduler with a periodicity of 80ms and repeated every 20ms in subframe 5. Other SIBs are scheduled by SIB1 and can be transmitted in any subframe other than MBSFN subframes and subframes carry SIB1. However, for the DRS-based design, SIB1 will only be transmitted within DRS duration, which can also lead to performance degradation of system information acquisition especially for long DRS period. Moreover, in order to reduce the overhead for 100% MBSFN case, one possibility is to transmit multiple SIBs in the same subframe in terms of DRS, which need to re-design the transmission of SIBs.
· Time Frequency tracking

CRS is used for channel estimation, measurements and time frequency tracking. For the carrier with 100% MBSFN subframe allocation, unicast control region no longer exists for MBSFN subframe with new CP length, which means that there is no CRS in the MBSFN subframes supporting new CP. The reduction of CRS density in time-domain is likely to degrade the time/frequency tracking performance of the UE especially when the DRS period is very long.

· Power consumption

There are two types of synchronization and SI acquisition for carrier with 100% MBSFN subframe and less than 100% MBSFN subframe. More attempts are needed when UE wants to access the network. This will prolong UE’s access time and increase the terminal’s power consumption.
Observation 2: The DRS-based design for FeMBMS carrier with 100% MBSFN subframe configuration will introduce many problems including redesign of signaling for DRS period and duration, very low resource utilization especially in the case of large system bandwidth, poor coverage of PBCH/PSS/SSS, poor SI acquisition performance, poor UE power consumption, and inflexible resource configuration.
2.4 PCell-assisted design
To maximize the resources (i.e. very close to 100%) for MBSFN transmission, all of the common control signaling except PSS/SSS on a FeMBMS carrier can be moved to another carrier (call “PCell” here), in which case the UE camps on the PCell and acquires the center frequency and all necessary common control signaling for the FeMBMS carrier from the PCell. This design has the benefit of very small RAN1 impact, which is very important especially when considering that the remaining RAN1 TUs should be prioritized for the confirmation of the longer CP and the design of MBSFN-RS for the longer CP.
Observation 3: The PCell-assisted design for FeMBMS carrier with 100% MBSFN subframe configuration has a very small RAN1 impact.
3 Indication of MBSFN subframe configuration
As agreed in RAN1#86, with the introduction of a longer CP, there are two types of MBSFN subframes:
· Longer CP, no unicast control region;
· Extended CP, legacy unicast control region.
And one or more (up to all) subframes can be configured as one of the above two types of MBSFN subframes.
The type of each MBSFN subframe should be signaled as part of the MBSFN subframe configuration for a FeMBMS carrier, because the UE (whether it is interested in MBSFN reception or not) may need to identify which subframes contain CRS, and use the CRS for channel estimation, measurements and time frequency tracking.
Proposal 2: A MBSFN subframe on a FeMBMS carrier can be of one of the following types:
· Longer CP, no unicast control region;
· Extended CP, legacy unicast control region.
The type of each MBSFN subframe is indicated in SIB.
4 Conclusions
In this contribution a number of technical aspects for MBSFN subframe extension are discussed and the following observations and proposals are made:
Observation 1: FDM between PMCH and non-PMCH resources requires minimal specification changes, does not require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS, and allows flexible conversion of unicast and MBMS resources.

Observation 2: The DRS-based design for FeMBMS carrier with 100% MBSFN subframe configuration will introduce many problems including redesign of signaling for DRS period and duration, very low resource utilization especially in the case of large system bandwidth, poor coverage of PBCH/PSS/SSS, poor SI acquisition performance, poor UE power consumption, and inflexible resource configuration.
Observation 3: The PCell-assisted design for FeMBMS carrier with 100% MBSFN subframe configuration has a very small RAN1 impact.
Proposal 1: 100% MBSFN subframe configuration is supported by means of FDM between PMCH and non-PMCH resources.

Proposal 2: A MBSFN subframe on a FeMBMS carrier can be of one of the following types:

· Longer CP, no unicast control region;
· Extended CP, legacy unicast control region.
The type of each MBSFN subframe is indicated in SIB.
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