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1 Introduction

At RAN#72 the WI of Evolved Multimedia Broadcast Multicast Service (eMBMS) enhancement for LTE was updated in [1]. One of the objectives is to 
c. Specify means of configuring MBSFN subframes without a unicast control region and cell-specific reference signals.
At RAN1 #84bis meeting, clarifications with regard to objective c were made for the work item description as following:
Clarifications regarding the objectives c:

· Objectives b and c mean that legacy UEs cannot be scheduled on the carrier

· Carriers supporting objective b may also support unicast traffic for Rel-14 UEs

· FFS what SI has to be supported on a carrier supporting objective b

· FFS whether carriers supporting objective c may also support unicast traffic for Rel-14 UEs

· FFS whether the reduced density of CRS with objectives b and c impacts time/frequency tracking, and if so, how this is handled 

In this contribution designs on the MBSFN subframes without a unicast control region and CRS are provided. 
2 CRS reduction 
CRS reduction can improve the system performance with regard to decreased interference and reduced energy consumption.

CRS was designed for demodulation, CSI feedback, RRM/RLM and time/frequency tracking in LTE system from the very beginning (Rel-8). Although DMRS and CSI-RS were introduced respectively for demodulation and CSI feedback later on for new transmission modes, CRS used for the broadcast information demodulation, RRM and time/frequency tracking purposes still can hardly be replaced. CRS is an always-on signal while DMRS is self-contained by PDSCH and CSI-RS can be flexibly configured.
As clarified at RAN1#84bis meeting, unicast traffic for Rel-14 UEs may also be supported by the component carrier with CRS reduction in the configured MBSFN subframe(s). When CRS transmission is absent or reduced, the impacts to the unicast transmission need to be examined.
· Demodulation for unicast transmissions
For UE specific PDSCH, the demodulation for the unicast transmission can entirely rely on DMRS when the proper transmission modes are configured, which is self-contained in the allocated resources for PDSCH. 
The non-UE-specific transmission, such as MIB/SIB/Paging etc can be considered on the primary cell, since the UEs with unicast transmission only takes this carrier as second carrier. In [2], however, it is discussed on how to transmit MIB/SIB/paging on the carrier with more than 6 MBSFN subframes. The unicast UEs can also detect that information in the Scell.
· CSI feedback for unicast transmissions
CSI-RS instead of CRS can be used to acquire the CSI. However, transmissions of CSI-RS would be periodic, so there is still possibility that a CSI-RS transmission occurs in the same subframe as configured for MBSFN transmission. This kind of collision could be simply handled by eNB scheduler or by RE puncturing.
· RRM/RLM

The component carrier supporting CRS reduction is considered as secondary cell, if the full-fledge functionalities for RRM/RLM is not necessary on this carrier.
If backward compatibility needs to be maintained, frequency domain CRS reduction can be considered.
· Time/frequency tracking
CRS provides a simple implementation for the time/frequency tracking which is critical for decoding. In fact, with respect to the impact to time/frequency tracking due to CRS reduction, during the discussion about new carrier type (NCT) it has already been concluded that the time/frequency tracking based on CRS is possible  once every 5ms [3]. 
As a result, for unicast transmission in Scell only, removing regular CRS transmission completely may be feasible if the time frequency tracking using e.g. DRS is sufficient. However, if considering the common information needed in that cell for idle mode UEs receiving MBSFN transmission, CRS transmission in every 5 subframes should be kept [2].  
Proposal: For the purpose of unicast transmission in Scell, at least CRS can be reduced such that only subframe 0 and 5 contain CRS.

3 Unicast control region elimination
For a MBSFN subframe on a legacy carrier, the first OFDM symbol(s) contain the unicast control region which is used for the downlink L1/L2 control channels (PDCCH, PCFICH and PHICH). These control channels are transmitted in MBSFN subframes to provide UL grants and power-control commands for uplink transmissions. 
With the removal of unicast control region in the MBSFN subframes of a carrier, PMCH can be mapped to all downlink OFDM symbols in each such subframe. To minimize the impact to the scheduling of UL grants and power-control commands, the carrier can be configured as a secondary component carrier. Cross carrier scheduling or EPDCCH can be used by the UEs for unicast reception. 
Similarly to the design for increased MBSFN subframes in our companion contribution [2], it is desirable to adopt a single design such that the elimination of unicast control region can be done via configuration, e.g. in SIBs.
Observation: It is feasible for the UEs to assume the removal of unicast control region on the secondary carrier supporting MBSFN subframe(s). 

· How to indicate the removal of unicast control region is FFS
4 Conclusions
In this contribution design aspects to support MBSFN subframes without a unicast control region and with CRS reduction are discussed and the following proposals are made:
Proposal: For the purpose of unicast transmission in Scell, at least CRS can be reduced such that only subframe 0 and 5 contain CRS.

Observation: It is feasible for the UEs to assume the removal of unicast control region on the secondary carrier supporting MBSFN subframe(s). 

· How to indicate the removal of unicast control region is FFS
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