Page 1

3GPP TSG RAN WG3 Meeting #70
R3-103417
Jacksonville, USA, 15-19 November, 2010


Agenda item:
21
Source: 
Qualcomm Incorporated 

Title: 
Assisting Inter-RAT Nodes/eNBs in Turning on Sleeping Cells
Document for:
Discussion/Decision
1 Introduction
In [1], three cell switching solutions for E-UTRAN inter-RAT and inter-eNB energy savings were agreed to be included in the Technical Report (TR) for the study item.  The “Solution 3”, the “cell switch on/off based on signalling across RATs” for inter-RAT scenarios or “cell switch on/off based on signalling exchange” for inter-eNB scenarios, proposes that eNBs in sleep mode can be turned on by requests from neighboring inter-RAT nodes or  eNBs . 

In this paper, we discuss and present proposals regarding how a requesting node selects which sleeping eNBs to turn on. 
2 Discussion 
2.1 Existing Cell Turn on Solutions 

The issue of which sleeping cells to wake-up arises in scenarios where a requesting inter-RAT cell/node or eNB (e.g. a highly loaded node/cell) requests certain eNBs in the sleep (OFF) mode to wake-up for traffic offloading.  In “Solution 3”, the requesting node sends “On request” messages to certain eNBs, some of which might not be able to assist the requesting node. Those eNBs can return to the sleep mode after a while if they found not many UEs to serve. 
The amount of energy that can be saved on the sleeping eNBs can be improved and unnecessary signalling can be avoided if the requesting node sends “On requests” only to eNBs that can indeed offload traffics. An enhancement to “Solution 3” targeting some of these improvements, “Solution 4” was captured in Sections 5.3 and 6.3 in [1].  This enhancement uses RF measurements such as the Interference Over Thermal (IOT) measurements taken by the sleeping eNBs and previous Reference Signal Received Power (RSRP) measurements taken by UEs on the sleeping cells (before these cells entered into sleep mode) to select sleeping cell(s) that can assist the requesting node. In certain scenarios, “Solution 4” might be adequate in selecting eNBs that can assist a requesting node. However, in other scenarios, there are a number of potential issues that could make this method power inefficient, complex and unreliable. These issues include: 
1. Power Consumption in eNB: The eNBs are in sleep mode where at least some RF components of such cells are powered off. Therefore, when they are requested to report IOT measurements, their uplink receivers need to be activated to take measurements. This reduces the energy savings on the eNBs.
2. Inter-RAT interference measurements: In case the node requesting IOT measurements is an RNC, the eNBs require receivers that have the capability of measuring interference in the UTRAN bands. Since such capability is not mandatory in eNBs, there is no guarantee that the eNBs will be equipped with such receivers. 
3. Reliability of IOT measurements: IOT measurements which are similar to the Rise over Thermal (ROT) measurements in UMTS are in general difficult to obtain reliably due to the inability of uplink receivers to accurately mimic a power meter [2]. The variability in the thermal noise measurements of the uplink receiver, the receiver’s sensitivity to temperature, variability in the UEs transmit powers, path gains, mobility and number of UEs contributing to the uplink interference, could cause significant variations and errors in IOT measurements.  In addition, it is difficult to correlate interference from specific UEs to the IOT measurements. This is particularly important in scenarios where the eNB measuring the IOT is located at the edge of the requesting node, UEs supported by neighboring inter-RAT nodes or eNBs might be contributing to the IOT measurements and not only UEs on the requesting node. 

4. Reliability of RSRP measurements: The RSRP measurements are highly dependent on UE mobility and channel conditions between the eNBs and UEs. Since the RSRP measurements were obtained by the UEs before the eNBs entered the sleep mode while the IOT measurements were taken while the eNBs are in sleep mode, it is possible that both measurements were taken under significantly different conditions, hence, their combination could result in erroneous estimations. 
To improve the current “Solution 3” and address some of the problems in “Solution 4”, the “timer-based” and “location-based” enhancements are presented in Sections 2.2 and 2.3. 
2.2 Timer-based Enhancement 
In order to assist the selected eNBs in “Solution 3” in deciding if and when they can re-enter the sleep mode, the requesting RNC/eNB can include a timer value to the “On request” messages used to wake-up a set of eNBs. Upon the expiration of the timer, each eNB verifies if the condition required for staying on has been met. If not, the eNBs should return to sleep. 

Proposal 1: The requesting node can include a timer in the “On request” message sent to the eNBs.  Upon the expiration of the timer, each eNB verifies if the condition required for staying on has been met. If not, the eNBs can return to OFF/Sleep mode.

2.3 Location-based Enhancement 
To address the problems associated with “Solution 4”, UE locations, eNB locations and cell radii or transmit powers can be used in selecting eNBs that can assist a requesting node. In contrast to Solution 4, eNBs are not turned on to make RF measurements while they are in sleep mode so the energy savings on the cells are preserved. In addition, unlike the IOT measurements, reliable eNB and UE location can be obtained using several positioning methods [3].  Furthermore, eNBs do not require additional receivers for making IOT measurements on inter-RAT cells. Hence, we recommend that the requesting node use UE locations, eNB locations, and cell radii/transmit powers in selecting which cells to be turned on. The requesting RNC or eNB can request an eNB’s location from an enhanced Serving Mobile location Centre (E-SMLC) or OAM can configured it at the requesting node. The transmit powers of the eNBs can be configured by the O&M and then the requesting node calculates the cell radii or the cell radii can be configured directly by O&M. The requesting node can select certain UEs and request their locations from the E-SMLC. For determining UE locations,  the E-SMLC can use positioning methods such as the Observed Time difference of arrival (OTDOA), Enhanced-CELL ID, Global Navigation Satellite System (GNSS), etc [3]. 
Proposal 2: The requesting node should use UE locations, eNB locations, and cell radii or transmit powers in selecting which eNBs to turn on. This proposal requires no change to the standard.
3
Conclusion

In this paper, we presented two proposed enhancements to improve the current “Solution 3” and address some problems in “Solution 4”. Based on the analysis, we present the following proposals: 
Proposal 1: The requesting node can include a timer in the “On request” message sent to the eNBs.  Upon the expiration of the timer, each eNB verifies if the condition required for staying on has been met. If not, the eNBs can return to OFF/Sleep mode.

Proposal 2: The requesting node should use UE locations, eNB locations, and cell radii or transmit powers in selecting which eNBs to turn on. This proposal requires no change to the standard.
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