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1. Introduction

During RAN1 #48bis, it was decided not to multiplex MBSFN transmission into SCH sub-frames (sub-frame #0 and #5) so that the UE can confidently use the DL RS resource elements at least in these sub-frames for RSRP measurements. It was also concluded to continue the discussion on the problem of measurements and PDCCH/MCH transmission in case of mixed unicast/MBSFN carriers. In this contribution, we provide our views on so called problem 1 and 2 [1] and discuss possible solutions thereof.
2. Unicast/MBSFN allocation in own cell
During RAN1 #48bis, the following problems were identified, in case the UE does not know in which sub-frames MBSFN is transmitted:

1. The reception of the PDCCH in the first (or first two) OFDM symbols of MBSFN sub-frames might be degraded (the CP length is unknown)

2. The UE can not use the RS in adjacent sub-frames to enhance channel estimation for PDSCH demodulation (the position/presence of RS resource elements is not known)

In addition, the quality of CQI and RSRP measurements of UEs without the knowledge of the unicast/MBSFN allocation in the serving cell will be degraded as illustrated in Figure 1. CQI measurements are not reliable:
· In example A (upper part of fig.1): during CQI Measurement Interval 2 there is no cell-specific RS resource elements from antenna #3&4 and the UE is not aware of the lack of some measurement eligible RS resource elements from the 1st and 2nd antenna;
· In, example B (lower part of fig.1): during CQI Measurement Interval 2, cell-specific RS resource elements are not available beyond the first two OFDM symbols and the UE is not aware of that.
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Figure 1 CQI measurements in mixed unicast/MBSFN carriers

In order to allow the UE to perform CQI/RSRP measurements correctly on any available RS resource elements during a measurement interval, we propose that the UE knows the unicast/MBSFN allocation in the serving cell. It should be noted that:

· This does not require any additional signalling because this information is anyway broadcast
· Problems of inter-sub-frame channel estimation and PDCCH reception are solved without the need to specify new sub-frame structures
· All transmitted and eligible RS resource elements can be used for CQI/RSRP/PMI-related measurements of own cell

Other algorithms that might benefit from the full knowledge of the RS symbols presence/location in the serving cell apart from inter-sub-frame channel estimation and CQI/PMI/RSRP-related measurements include:
· DL timing tracking
· DL frequency tracking

Specifying new sub-frame structures [1] will not increase the number of RS resource elements that can be confidently used for RSRP measurements (and does not solve the inter-sub-frame channel estimation problem). Note that the number of RS resource elements eligible for RSRP measurements might be already reduced due to the RAN4 decision to adopt the 1.25 MHz UE measurement bandwidth [3].
3. Unicast/MBSFN allocation in neighbor cells
In contribution [2], it was indicated that the RS resource elements in the first OFDM symbol of each sub-frame (in addition to RS resource elements in SCH-sub-frames) can be always used confidently for mobility measurements. Also, MBSFN/non-MBSFN per carrier indication in own cell was proposed to maximize the number of measured RSs in case of unicast carriers.

We note that unicast/MBSFN allocation in many scenarios will be the same in the own cell as in neighbor cells, these scenarios include:

· Unicast carriers (and MBSFN dedicated carriers)

· Unicast/MBSFN carriers with PLMN-wide MBSFN area(s)

· Non-PLMN-wide MBSFN area(s) deployed over large geographical regions in unicast/MBSFN carriers

· Unicast areas in unicast/MBSFN carriers with non-PLMN-wide MBSFN deployments 
Under the assumption that the UE is aware of the unicast/MBSFN allocation in its own cell, to maximize the number of RS resource elements eligible for mobility measurements of neighbor cells, we propose that each cell shall transmit a one-bit flag, preferably in the D-BCH, indicating whether the unicast/MBSFN allocation in neighbor cells is the same or not comparing to the own cell:

· If the indicator is set to a negative value (e.g. unicast carrier, interior of MBSFN area(s)):

· Meaning: unicast/MBSFN allocation (i.e. the location of MBSFN and/or unicast sub-frames) in neighbor cells is the same as in the own cell

· UE action: the UE can use the RS resource elements eligible for the RSRP measurements of neighbor cells corresponding to the ones used for measurements in the own cell. The eligible RS resource elements in neighbor cells are derived on the basis of the unicast/MBSFN allocation of the own cell
· If the indicator is set to a positive value (e.g. border of MBSFN area(s)):

· Meaning: unicast/MBSFN allocation in neighbor cells is different comparing to the own cell

· UE action: the UE can fallback to measure neighbor cells using only the RS resource elements in the first OFDM symbol in each sub-frame together with all RS resource elements in SCH-sub-frames (regardless of the fact if the UE is aware of the cyclic prefix length in these first OFDM symbols)

From the inter-cell power control point of view, there must be a notion of neighbor cells (detectable and measured by UEs in the serving cell) exchanging overload indicators over the X2 interface; therefore, the same group can be used to define neighbor cells being aware of each other unicast/MBSFN allocation.
4. Conclusion

In this contribution, we have provided our views and analyzed the problem of CQI/RSRP measurements, channel estimation and PDCCH reception in mixed unicast/broadcast carriers. On the basis of the above analysis, we propose that:
· No new sub-frame structures are specified
· The UE is made aware of the exact MBSFN sub-frames location in its own cell (problem 1 and 2 and others are solved)
· The MBSFN sub-frames location is conveyed in the D-BCH, one proposal is outlined in [4] 
· The information regarding unicast/MBSFN allocation in neighbor cells is provided via an indicator of difference in unicast/MBSFN allocation between own and neighbor cells
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