
Fukuoka, Japan, May 20th – 24th, 2013
Source: 
Broadcom Corporation
Title: 
An Energy Efficient Framework for Discovery in Small Cells
Agenda Item: 
6.2.5.2.2
Document for: 
Discussion
1. Introduction
In the previous RAN1#72bis meeting there were discussions regarding inter cell interference management and power saving for small cell using the cell discontinuous transmission (DTX) feature [1][2]. Small cells with very little traffic can initiate forced handoff of UEs (if any) served by that cell to other small cells or to the macro eNB, so that it can shut down its transmitter for a period of time. It can be assumed that the small cells that allow DTX are always overlaid with other cells (macro and maybe other small cell) in order ensure that the DTX operation doesn’t introduce any coverage holes within the network. Powering down the small cell transmission reduces the interference to UEs connected to other cells and it also saves power at the small cell. In order to enable UEs to identify and report the power of the small cell, the small cell should be turned back on with some periodicity. The downside of this approach is that it adversely affects the time taken by the UE to make an accurate measurement of the small cell signal quality. There is then a tradeoff between saving power (and interference reduction) and decreasing this acquisition time.
2. UE discovery by the Small cell
We propose here a scheme to avoid the power acquisition-time tradeoff completely, i.e. a scheme that will have maximal power saving and interference reduction with minimal acquisition time. 
We propose not to introduce a discovery signal and not to transmit any signal unless a suitable UE candidate to be served by the serving cell can be found. The small cell therefore turns on its receiver and tries to receive UL transmission from the UE to its current serving cell. The small cell obtains the UEs RRC configuration parameters through the backhaul connection to the serving cell. The small cell can also receive over the air DL transmissions from the serving cell and search the DCIs to locate the allocations and grants for the UE, if the backhaul is imperfect. Once an allocation is found the small cell observes the corresponding allocation for the UEs transmission of PUSCH / PUCCH. The serving cell may also trigger an SRS or PRACH (or another discovery signal probably similar to the D2D discovery signal) solely for the purpose of the small cell to discover the UE. The small cell receives and validates the transmission from the UE and it can also measure the signal quality (RSSI and/or CINR) from the received signal. This information can then be fed back to the serving cell. The serving cell could potentially receive reports from multiple small cells and it can compute the path loss to each small cell from the UE and the potential DL/UL signal quality of the link between the small cells and the UE. It can make a decision on whether a small cell should be powered on or not. After notifying the selected small cell to power on, it can notify the UE to report the signal quality on that small cell by observing the corresponding PSS / SSS / CRS, or it may ask UE to perform a blind HO to that small cell without performing any measurement.
There are several advantages in using such a scheme, namely
1. There is no arbitrary interference introduced on ongoing DL transmissions from the duty cycle of the small cell DTX as the periodic transmission of discovery signals (or PSS / SSS and CRS) is eliminated. The small cell is powered only based on requirement, i.e. it is turned on only if it can support traffic for at least a few UEs in the network with acceptable QoS.

2. Since the periodic transmission from the small cell is eliminated, there would be significant power saving at the small cell.

3. There is no penalty in terms of acquisition time, as the UE does not have to search for a signal that is transmitted with very low duty cycle.
4. For a small cell operating on a frequency different from that of the serving cell, the UE doesn’t need to employ measurement gaps to detect the small cell. The small cell can be equipped to receive the frequencies corresponding to that of the link between the current serving cell and UE, to enable the discovery method described in this paper. The difference in propagation characteristics at the two frequencies can be calibrated beforehand.
3. Conclusion

Observations

· A small cell switching into DTX mode may cause coverage hole in the network if there is no other cell overlaid (macro or small cell) along with this small cell.
· A small cell need not come out of DTX unless it helps improving the QoS of one or more UEs within the network.
Proposals

· The small cell should not move into DTX mode if that action introduces a coverage hole in the network. 
· There is no requirement to introduce or transmit a discovery signal to facilitate discovery in small cell DTX mode, as this scenario can be handled in a more energy efficient and less interfering manner as described in this paper.
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