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1. Introduction
In RAN#71 a new work item (WI) named eMBMS enhancement for LTE [1] was introduced. The objectives of the WI include the support of longer CP, additional MBSFN subframes, and study standalone carrier. In RAN1#86 the following agreements were reached:

· 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

 In this document we provide our views on the support of longer MBSFN subframes without unicast control region and cell-specific reference signals.

2. Types of MBSFN subframes
The agreement in RAN1#86 basically defines two types of MBSFN subframes, that we will denote by type-C (control) and type-NC (no control) MBSFN subframes. These two subframes support the following:
· Type-C MBSFN subframes: Legacy MBSFN subframes, have control region and CRS in the first or first two OFDM symbols. These subframes may contain the following physical channels:
· PDCCH
· EPDCCH
· PDSCH
· PMCH with legacy numerology
· Type-NC MBSFN subframes: This is a new type of MBSFN subframe without control region and CRS. These subframes contain the following:
· PMCH with new numerology (200us CP)
One key advantage of using a cellular network to provide with broadcast services is that the network can decide to allocate a subframe to broadcast or unicast based on the different demand of services. For example, in legacy LTE an MBSFN subframe can be reused for PDSCH (with e.g. TM9) transmission. We would like to keep the same behaviour for the new Type-NC MBSFN subframes.
One possible option is to enable some sort of blind detection at the UE, so that if the UE detects CRS in the first OFDM symbol it assumes that the subframe is Type-C, otherwise it assumes it is type-NC. This approach, however, has a complexity/timeline impact at the UE side:
· When the UE starts processing the subframe, the UE feeds the time domain sample to the FFT. Let’s assume that the UE considers this to be a Type-C subframe, so it uses an FFT for 15kHz subcarrier spacing.
· The UE performs CRS detection, and determines that there is no CRS, so this is a Type-NC MBSFN subframe. In this case, the UE cannot re-process everything with the other numerology, since the time domain samples are not stored (they are processed by FFT in an pipeline manner).
Thus, one first observation we make is that the UE can only perform a single hypothesis per subframe, and needs to know which one beforehand.
Observation 1: Hypothesizing between control and no-control MBSFN subframes and processing the subframe depending on the outcome may not be feasible due to increased UE complexity.
In the next section we present one option that would enable the UE to obtain this information for the type of MBSFN subframes.
3. Detecting CRS and control region
The increased complexity explained in the previous section is due to the fact that a UE cannot reprocess the signal with a different numerology after the CRS detection is done. A UE, however, may be able to take ONE of the following two actions based on some information available before the subframe starts:
1. The UE knows beforehand there is PMCH with new numerology in this particular subframe (and is interested in decoding it), and processes it accordingly.
2. The UE does not know whether the subframe is one of the following:
· Type-NC subframe with PMCH with new numerology. The UE is not interested in decoding this PMCH.
· Type-C subframe with PDCCH/PDSCH. The UE is interested in monitoring PDCCH and decoding PDSCH
For each of these two cases, the UE behaviour is as follows:
1. The UE processes the time domain samples with a large FFT and decodes PMCH.
2. The UE processes the time domain samples assuming a 15KHz numerology, and performs CRS detection:
a. If CRS is detected, the UE assumes it is a Type-C subframe, and processes PDCCH/PDSCH
b. If no CRS is detected, the UE does not perform further processing.
Note that this approach enables the reuse of some subframes for unicast in almost a dynamic manner if the broadcast traffic does not fill 100% of the subframes. The process to obtain the necessary information to decide whether a given UE is interested in PMCH in a given subframe is as follows:
· [bookmark: _GoBack]The UE obtains the MBSFN subframe mask from SIB1 or SIB2. This list does not include information on whether the subframes are with or without control.
· If a UE is interested in eMBMS services:
· The UE decodes SIB13, and obtains the MCCH scheduling information. The MCCH scheduling information contains the numerology of the MCCH.
· The UE marks the MCCH subframes as “PMCH” with the corresponding numerology.
· The UE decodes the MCCH, which includes the information for MTCH. A UE may only monitor a subset of the MCCH and/or MTCH.
i. The UE marks the MTCH subframes as “PMCH” with the corresponding numerology.
· When processing an MBSFN subframe,
· If the subframe is marked as “PMCH” with new numerology, it just decodes the PMCH (1).
· If a subframe is marked as “PMCH” with legacy numerology, the UE assumes there is CRS/PDCCH and decodes PDCCH (legacy operation).
· If a subframe is not marked as “PMCH”, it tries to detect CRS (2) and process PDCCH depending on the outcome.
· Otherwise:
· The UE processes al MBSFN subframes according to (2) above
This UE behaviour allows for resuing MBSFN subframes for unicast while keeping a UE complexity that is similar to that of LAA (requiring CRS detection). 
Proposal: The MBSFN signalling is as follows:
· SIB1/2 contains the MBSFN subframe mask. The presence of control or not is not provided.
· SIB13 contains the MCCH scheduling with the corresponding numerology.
· MCCH includes the scheduling information for MTCH.
· For the MBSFN subframes that are assumed not to be used for MCCH or MTCH, the UE performs CRS detection and processes PDCCH.


4. Summary
In this contribution we provided our views on MBSFN subframes without a control region. We focused on the complexity impact on the UE, and a possible protocol to allow for MBSFN subframe reuse for unicast. Our main proposal/observations are as follows:

Observation 1: Hypothesizing between control and no-control MBSFN subframes and processing the subframe depending on the outcome may not be feasible due to increased UE complexity.

Proposal: The MBSFN signalling is as follows:
· SIB2 contains the MBSFN subframe mask. The presence of control or not in MBSFN subframes is not provided.
· SIB13 contains the MCCH scheduling with the corresponding numerology.
· MCCH includes the scheduling information for MTCH.
· For the MBSFN subframes that are assumed not to be used for MCCH or MTCH, the UE performs CRS detection and processes PDCCH.
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