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1. Introduction 
The possibility of introducing the possibility of blank subframes has been discussed at various times during the development of LTE, in 2008 up to RAN#42 for Rel-8, and again in [1]. 
In this document we discuss some of the related issues with a view to facilitating a conclusion at this meeting. 

2. Options for subframe blanking
The key issue related to subframe blanking is backward compatibility. It is too late to introduce blank subframes in a backward compatible way for Rel-8 terminals. 
This leaves three possibilities:

1. Do not introduce blank subframes

2. Introduce blank subframes only on non-backward-compatible component carriers (i.e. probably Rel-10 onwards)

3. Introduce blank subframes in a controlled way for any carrier, so as to limit the impact on Rel-8 terminals. 

Clearly (1) has no specification impact but does not allow the forward-compatibility benefits of blank subframes outlined for example in [1].

(2) would allow forward-compatible development of non-backward-compatible carriers in the future, but the benefits of this would not be seen for a long time into the future. No immediate standardisation impact is involved, except to take this into account during the development of LTE-A. 
On the other hand, with (3) a number of issues must be solved if it is to be feasible. These include:

· Degradation of channel estimation due to interpolation across subframes

· Measurement impact for mobility and RRM (RSRP, RSRQ)

· Control signalling provision for UL: scheduling grant transmission and ACK/NACK

· Paging, synchronisation and system information transmission, depending on what restrictions are imposed for blank subframes. 

3. Discussion of issues for subframe blanking

The first two issues (channel estimation and measurements) arise from the absence of CRS in the blank subframes. One possible solution to this would be to define “blank” subframes which are not actually fully blank, but still contain the expected CRS embedded in the expected positions, while not being required to include any control signalling. 

The control signalling impact can largely be avoided by careful scheduling of Rel-8 terminals – i.e. avoiding scheduling UL transmissions for Rel-8 terminals where the grant or ACK/NACK would fall in a blank subframe. This restricts the possibilities for continuous transmission from Rel-8 terminals, but at least at the cell-edge TTI bundling provides a partial solution. 

For paging, synchronisation and system information transmission, the issues for subframe blanking are the same as for configuration of MBSFN subframes. Therefore these issues do not arise if blank subframes are configurable only within the same restrictions as are applied for MBSFN subframes. 

4. Conclusions

In order to facilitate the forward-compatible development of LTE as outlined in [1], this paper has outlined some possible ways forward on the identified issues. 
The greatest flexibility for forward compatibility would be achieved by the introduction of signalling to support the presence of completely blank subframes in Rel-9.

However, in order to limit the impact on Rel-8 terminals as far as possible, almost-blank subframes could be introduced with certain restrictions, including the continued provision of CRS, and not where blank subframes would impact paging, synchronisation and system information transmission. 

Meanwhile, completely blank subframes may also be introduced on non-backward-compatible carriers with fewer restrictions. 

We therefore propose that signalling be added in Rel-9 to indicate “almost-blank” subframes – i.e. subframes in which the control region has zero length, but the CRS are still present on the first 1 or 2 OFDM symbols as in MBSFN subframes. 

The very small number of REs which would be used for RS in these “almost-blank” subframes would not cause much interference for new uses of these subframes. 

A Rel-9 UE would not need to know anything further about the content of the non-CRS REs in semi-blank subframes; it would simply know that it was not required to receive any control signalling in those subframes.
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