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1 Introduction
RAN2 has discussed the possibility of using multicast broadcast single frequency network (MBSFN) subframes for unicast transmission in case where no PMCH is scheduled in MBSFN subframes, and requested RAN1 to provide the physical-layer impact and feasibility of unicast transmission in such unused MBSFN subframes [1].

This contribution presents potential physical-layer issues on such unicast transmission in MBSFN subframes for RAN1 discussions.
2 Physical layer issues
LTE Rel-8 UEs assume that there is no relevant transmission in the non-control region of an MBSFN subframe. Hence, LTE Rel-8 UEs will not perform the following operations in MBSFN subframes:
· To receive and process the cell-specific reference signal (CRS) in the non-control region 
· To receive and decode the PDCCH indicating DL assignment
· To receive and decode the corresponding PDSCH

Even though the operations are not explicitly precluded in the LTE Rel-8 specifications, they are apparently the expected UE behaviours according to the current assumptions on MBSFN subframes. If unicast transmission is allowed in MBSFN subframes in LTE Rel-9, LTE Rel-9 UEs should receive reference signals in the non-control region of an MBSFN subframe and try to decode the PDCCH for DL assignment and PDSCH as well. Therefore, the following issues need to be resolved:

Issue 1: Can LTE Rel-9 UEs recognize an unsued MBSFN subframe as unicast transmission resources?

If it is stated in the specification that the UEs assume the PDSCH can be transmitted in MBSFN subframes, then they can recognize the MBSFN subframes as unicast transmission resources and try to decode the PDCCH for the PDSCH, i.e. LTE Rel-9 UEs should perform the same operation between MBSFN subframes and normal subframes. 
Issue 2: Can PMCH and PDSCH be multiplexed in an MBSFN subframe?
Antenna port 4 is reserved for PMCH transmissions and the reference signal of antenna port 4 (MBSFN RS) is placed over the whole bandwidth. Since UEs will assume that all the resource blocks contain the MBSFN RS, PDSCH cannot be placed onto a set of RBs in MBSFN subframes. Moreover, the MBSFN OFDM symbol boundaries may be different between PMCH and PDSCH since the extended cyclic prefix is used for MBSFN. Accordingly, it could be problematic to schedule PMCH and PDSCH in an MBSFN subframe in the frequency division multiplexing (FDM) manner. In other word, if a PDSCH is scheduled in an MBSFN subframe, no PMCH should be transmitted there.
Issue 3: Which reference signals are used for PDSCH demodulations?
It must be a common sense that the UEs are to use the same set of reference signals for PDSCH demodulation purpose as in normal subframes. A UE in a CRS-based transmission mode will continue to use CRS for PDSCH demodulations in MBSFN subframes. In transmission mode 7 of LTE Rel-8, the UE-specific reference signal of antenna port 5, so called dedicated reference signal (DRS), is used for PDSCH demodulation. In addition, a new transmission mode using demodulation reference signal (DM-RS) will be introduced for dual layer beamforming in LTE Rel-9. Both DM-RS and DRS are inserted on top of CRS in normal subframes. A UE in DM-RS/DRS-based transmission modes will also continue to use DRS/DM-RS for PDSCH demodulation in MBSFN subframes.
Issue 4: Is the control region in an unused MBSFN fixed?

The control region in normal subframes is dynamically controlled by PCFICH while that in MBSFN subframes has a fixed size. Since LTE Rel-8 UEs will assume the fixed-sized control region, the control region even in an unused MBSFN subframe should be fixed to maintain backward compatibility in multiplexing control channels.
Issue 5: Can MBSFN UEs perform inter-MBSFN-frame interpolation for channel estimation?

The MBSFN configuration does not guarantee that MBSFN RS exists in every MBSFN subframes since the unused MBSFN subframes do not contain MBSFN RS. Therefore, MBSFN UEs should not use MBSFN RS placed in other MBSFN subframes to improve channel estimation by performing inter-MBSFN-subframe interpolation. Per-subframe channel estimation should be specified for PMCH demodulation.
A follow-up issue to Issue 3 is whether a UE in DM-RS/DRS-based transmission mode should assume the presence of CRS even in MBSFN subframes. CRS may not be placed in an MBSFN subframe when all the scheduled UE do not use the CRS. However, if there is at least one scheduled UE using the CRS in MBSFN subframes, the CRS needs to be placed not only in the resource blocks allocated to the UE but also in other resource blocks since the UE is supposed to use the CRS in non-allocated RBs for channel estimator’s interpolation. The PDSCH demapper in MBSFN subframes will depend on whether there is a PDSCH transmitted to the UE using CRS. Not to introduce any additional signalling, it is recommended that the CRS be always placed in the non-control region of the MBSFN subframes used for PDSCH transmissions.
3 Discussions on feasibility and benefit
If LTE Rel-9 UEs treat MBSFN subframes as normal subframes, it is feasible to reuse unused MBSFN subframes for unicast transmission as discussed in the previous section. The only constraint onto unused MBSFN subframes is the control region should follow the LTE Rel-8 rule for backward compatibility. 

As discussed under Issue 2, PMCH and PDSCH will be multiplexed in the time division multiplexing (TDM) manner. Before introducing this kind of feature to LTE Rel-9, it should be carefully investigated whether it provides practical benefit to allow PDSCH scheduling in unused MBSFN subframes. Such scheduling flexibility is achievable only when there is no MBSFN traffic to transmit in an MBSFN subframe. If such cases happen quite often, then this means the MBSFN is not relevantly configured. Hence, it needs to be taken into account in the evaluations how frequently no MBSFN traffic occurs even with an appropriate MBSFN configuration.
4 Summary
To support unicast transmission in unused MBSFN subframes, LTE Rel-9 UEs should even in MBSFN subframes
· assume that PDSCH can be transmitted 
· not assume FDM between PMCH and PDSCH

· assume the presence of CRS regardless of the configured transmission mode
· use the same set of reference signals as in normal subframes for demodulation

· assume the fixed-sized control region

· perform per-subframe channel estimation for PMCH demodulation
Even though it is feasible to reuse unused MBSFN subframes for unicast transmission, its practical benefit should be first verified before introducing this feature to LTE Rel-9. 
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