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1. Introduction

CQI measurement methodology and UE interference measurement for CQI are open issues in LTE RAN1. One approach for estimating the interference is based on measurement of the noise at the RS bins, having the drawback that the interference at the RS bins may be systematically different than the interference at the data bins [2]. Another approach for interference estimation is based on introducing sparse nulls in the time-frequency region where the data (PDSCH) is transmitted [3]. Namely, the serving cell does not transmit anything at pre-specified RE’s, and hence the UE can estimate the interference in these RE’s. The downside of this approach is the reduction in the resources allocated to data transmission.
We propose a 3rd approach of signalling to the UE a subset of the PRB’s which are anyways not used by the network, thus avoiding the above utilization penalty of the nulls. As argued in [2] and [3], the interference estimation based on the RS is biased mostly when the network is lightly loaded, in which case there are many PRB’s which are not used by the eNB. If a subset of these resources were dynamically conveyed to the UE’s, the UE’s could utilize them for estimating the interference. 

2. “Blank UE” Principle
A virtual “Blank UE” with an ID that is known to all UE’s is defined. The scheduler sends a PDCCH message “to” the Blank UE, which has a conventional PDCCH content with the exception that the resource allocation information in that message has the meaning of unused PRB’s.
The base can choose to send the Blank-UE messages when the cell is lightly loaded (in which case there is no cost to the extra control information and there is much to gain for the UE’s from this message), or not transmit the Blank-UE message when the cell is heavily loaded (in which case there is a non-zero cost to the extra control information and there is only a small gain for the UE’s from this message).
3. “Blank UE” PDCCH Message Details
There are two options for the Blank-UE message location:
1. Common area: One option is to locate it in the PDCCH common area, and consider it as a fourth common PDCCH message. The ID of the Blank-UE will be specified similar to that of the other common messages.
2. UE-specific area: Another option is to define the Blank-UE search-area definition just like for any other UE, which means that all UE’s will be required to perform an extra search over the Blank-UE search area. In the latter case the base station is free to pick the Blank-UE ID and convey it to all UE’s on the broadcasting channel.  
In order to minimize the impact of the “Blank-UE” message on the scheduler and UE complexities, the “Blank UE” message should use one or several of the formats already defined for the PDCCH messages. The freedom of the eNB to choose this format should be similar to the freedom it has to choose the common PDCCH messages (in option 1 above) or the UE-specific messages (in option 2 above). Given that UE-specific messages have larger payloads than common messages, option 2 supports richer information than option 1. Note that if option 2 is adopted, the eNB would need to broadcast also the MIMO-mode of the “Blank-UE”. 

Some freedom in modifying the “Blank-UE” message format can be allowed, which is to reuse the irrelevant bit fields to enrich the PRB allocation information while not altering the payload size. A simple way that does not require a new mapping type is to pack multiple PRB allocation fields of the already defined types into the message. Reusing the alreadty defined PRB allocation types has the advantages that it simplifies the implementation of generating the Blank-UE map by the eNB: The scheduler can generate this map by literally adding one virtual UE (or several such UE’s) to its scheduling task.
Assuming the Blank-UE messages are constrained to have payload sizes that are equal to one of the already-defined formats, below are few examples of packing multiple PRB-allocation fields into a single message.
Format 1A:
Two options:

a) 1 x type2 + 1x type0/1 = 14+26 = 40 bits

b) 3 x  type2 = 42 bits
Format 1: 
2 x type 0/1 = 52 bits. 
Format 2:
2 x type0/1 + 1 x type2 + 1 x type1c = 71 bits. 
Format 1C:
2 x type1c = 10 bits (asuming type 1c uses 5-bit PRB designation map)

4. Complexity Impact

The impact on scheduler complexity is minimal: it merely needs to perform scheduling of one (or several) more virtual UE’s.

The impact on control channel overhead is insignificant because the “Blank-UE” message is transmitted only when the cell is lightly loaded.

The impact on the UE depends on the option adopted for the message location. If the location would be in the common area (option 1) the impact on UE complexity is moderate because the number of blind decodings in the common area is small. On the other hand, if the UE-specific location (option 2) is adopted the UE PDCCH decoding complexity will be doubled because it will now search for two UE’s instead of one.
5. Conclusions
A method is proposed for signalling to all UE’s a subset of the unused PRB’s for the purpose of interference estimation. The signalling uses a PDCCH message to a virtual UE where the resource allocation information in that message has the meaning of unused PRB’s. 
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