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1. Introduction

With the deployment of a large number of femto-cells, interference reduction and energy consumption considerations are becoming an important topic. This has been captured in TR 36.902 [1], where it is stated that capacity could be improved through interference reduction by switching off those cells which are not needed for traffic at some point of time, in particular H(e)NB when the user is not at home.
Several contributions have been made so far presenting different alternatives [2] or proposing a specific solution based on S1 signalling [3]; however all them have implications on the network signalling, and its secure implementation could require specific solutions not currently available in operator foreseen HeNB.
The aim of this contribution is to describe alternative approaches  to switch-off and switch-on an H(e)NB  without the intervention of the EPC and  minimizing the time during which the short range radio interface needs to be active, therefore paving the way to its commercial implementation.

2. Discussion
2.1. Scenrio description 
We are analyzing a scenario where a UE in active or idle mode needs to be handed over from a (e)NB to a H(e)NB which will be switched off when no UE is camping in it. The goal is to keep the H(e)NB transceiver off for as long as possible, and to switch it on only when the UE is in the most close vicinity of it, around 10 to 15 meters; i.e. when the user arrives home, and switching it off as soon as the user leaves the surroundings of the home. By switching on or off we mean only the radiofrequency section of the H(e)NB, which is the responsible of its radio interference and most of its power consumption, keeping all the other sections of the H(e)NB active and connected to the EPC.
The proposed switching procedure approaches are  based on the automatic detection of the UE presence by means of any low-power radio interface active in the UE, Bluetooth Low Energy interface being a good candidate thanks to the widespread use of Bluetooth in many UE and its low power characteristics. We are proposing that this radio interface is turn  on  active in the UE when it detects the macrocell that is closest to the H(e)NB, and inactive when the UE does not detect this macrocell, or also inactive when the UE is camped in the H(e)NB, in order not degrading significantly the battery lifetime.

2.2. H(e)NB radio interface switching procedure
The goal of the proposed procedure is to keep the short range radio (SRR ) interface of both the UE and the H(e)NB in standby  (or at user preset) state for as long as possible, in order to reduce the UE battery power consumption, and to reduce the radio interference produced by the short range radio interface of both the UE and the H(e)NB. Most of this description will be based on Bluetooth Low Power as the SRR, but this implementation is only for indicative purposes and used only to provide a detailed description of the process, but of course actual implementation could be based on any other SRR technology. 
This procedure keeps the H(e)NB and the UE SRR interfaces in stand by state all the time, with the exception of the occasions when the UE is camped in some of the macrocells listed in a UE-stored Femto-Overlapping Macrocells list, but not camped in the H(e)NB itself. When the UE is not camped in one of the macrocells included in the Femto-Overlapping Macrocells list the UE SRR will be in an “Initiating” state, and the H(e)NB SRR will be in an “Advertising” state. This “Initiating” and “Advertising” states are respectively defined in Bluetooth Low Power for the Master and the Slave roles in a point-to-point connection.
The state diagram of the H(e)NB switching procedure is depicted in the next figure .
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Figure 1. H(e)NB radio interface switching procedure
As it is depicted in the figure, the switching procedure is as follows.  When the UE is turned on, its SRR will be set to the Initiating default state. The H(e)NB will be in its default Advertising state, and its radio section will be in its default off state. In the Initiating state, the EU is searching for advertising radio packet emitted from the H(e)NB SRR.

If the UE SRR does not detect the advertising packets from the H(e)NB SRR, the UE checks if it is camped in some of the macrocells included in the Femto-Overlapping Macrocells list.
If it is not camping in any of these macrocells, and no advertising packets from the H(e)NB SRR are detected, the UE determines that it is not either in the neighborhood of its H(e)NB or camped in it, so it switches its SRR to Stand by status, in order to save battery power. Then, the UE could require to the H(e)NB, following a procedure FFS, to switch its SRR to Stand by state. The latter would be done in order to reduce the level of radio interference generated by the H(e)NB SRR.

If the UE SRR does not detect the advertising packets from the H(e)NB, but it is camping in some of the macrocells included in the Femto-Overlapping Macrocells list, then the UE determines that it is in the neighborhood of its H(e)NB but not camped in it, so it switches its SRR to Initiating state (in the case it were in Stand by state), and the UE could request to the H(e)NB to switch its SRR to Advertising state (in the case it were in Stand by state, following a process which is left FFS). This is done in order to allow the establishment of the short range communications link supported by the SRR between the H(e)NB and the UE, once the H(e)NB and the UE are close enough to each other. 

If advertising packets are detected at the UE, the UE checks if the H(e)NB identification (e.g. CSG ID) of the advertising H(e)NB SRRis included in its list of authorized H(e)NB’s (i.e. CSG list). If it is in the list, both the UE and the H(e)NB SRR will change to the Connect status. Once the connection of the short range radio link between the UE SRR and the H(e)NB SRR has been established, the H(e)NB will switch on its radio section.

In the case of the HNB, for the period of time when the radio section of the HNB is switched off and is not radiating, any other HNB can be switched on radiate with the same pair of Absolute Radio Frequency Channel Number (UARFCN) and Primary Scrambling Code (PSC) values. Before switching on the radio section of the HNB, it will have to check the validity of the previously used radio physical channel. One possibility is that the HNB checks the previously used UARFCN and the PSC, and in the case they are not in use it radiates the signal with the same values of UARFCN and PSC as used before switching off. In the case these values are in use, the HNB will have to select the UARFCN and PSC with lower power detected from a set of possible values.

When the radio section of the H(e)NB is switched on, the UE will try to camp in the H(e)NB. Both the H(e)NB and the UE will wait for a predetermined time (Camping Check Time) to check if the UE has camped in the H(e)NB.

If the UE has camped in the H(e)NB  after the Camping Check Time has elapsed, both the H(e)NB SRR and the UE SRR will be switched to the Stand by state. In the stand by state, the SRR does not either transmit or check the reception of any radio packet. The rationale for switching to the Stand by state is twofold; saving battery energy resources in the UE, and reducing the radio spectrum occupation and the level of interference produced by the SRR.

Once the Camping Check Time has elapsed, if the UE has not camped in the H(e)NB, the UE SRR will be switched to the Initiating state, and the H(e)NB SRR will switch to the Advertising state, and the H(e)NB will switch off its radio section. 

When the UE leaves the coverage area of the H(e)NB, it will not be camped in it any longer, so the same procedure than in the last paragraph will be applied; the UE SRR will be switched to the Initiating state, and the H(e)NB SRR will switch to the Advertising state, and the H(e)NB will switch off its radio section.
One additional advantage of this procedure is that it could be applied also to other non-3GPP radio interfaces included in the H(e)NB. For example, it is expected in the next future that many H(e)NB’s will include an IEEE 802.11 (Wi-Fi) Access Point functionality, and its always-on radio section unnecessarily pollutes the ISM radio spectrum when the user is not at home and consumes power. The procedure described in this document could be applied to switch-off not only the H(e)NB radio section, but also the Wi-Fi radio section.
2.3. Update of TR 36.902 Section 4.3 “Interference reduction”

The current version (v 9.2.0) of TR 36.902, in its section 4.3, states that the “interference reduction” use case is not completed in release 9.  In the followings paragraphs we make a first proposal of possible draft for TR 36.902 update :

4.3
Interference Reduction

Capacity could be improved through interference reduction by switching off those cells which are not needed for traffic at some point of time, in particular home eNodeBs when the user is not at home.

4.3.1
Use Case description

Objective: 


Interference reduction based on cell switch on/off.

Expected outcome: 

· Increased capacity through interference reduction.

· Increased quality through interference reduction.

4.3.2 Solution Description
Switching on or off the radiofrequency section of the H(e)NB, which is the responsible of its radio interference and most of its power consumption, keeping all the other sections of the H(e)NB active and connected to the EPC. The switching procedure is based on the automatic detection of the UE presence by means of a low-power short range radio 8SRR) interface activated in the UE. This radio interface is only active in the UE when it detects the macrocell that is closest to the H(e)NB, and inactive when the UE does not detect this macrocell, or also inactive when the UE is camped in the H(e)NB, in order not degrading significantly the battery lifetime.
This procedure keeps the H(e)NB and the UE SRR interfaces in stand by state all the time, with the exception of the occasions when the UE is camped in some of the macrocells listed in a UE-stored Femto-Overlapping Macrocells list, but not camped in the H(e)NB itself. When the UE is not camped in one of the macrocells included in the Femto-Overlapping Macrocells list the UE SRR will be in an “Initiating” state, and the H(e)NB SRR will be in an “Advertising” state. This “Initiating” and “Advertising” states are respectively defined in Bluetooth Low Power for the Master and the Slave roles in a point-to-point connection.
When the UE is turned on, its SRR will be set to the Initiating default state. The H(e)NB will be in its default Advertising state, and its radio section will be in its default off state. In the Initiating state, the EU is searching for advertising radio packet emitted from the H(e)NB SRR.
If the UE SRR does not detect the advertising packets from the H(e)NB SRR, the UE checks if it is camped in some of the macrocells included in the Femto-Overlapping Macrocells list.

If it is not camping in any of these macrocells, and no advertising packets from the H(e)NB SRR are detected, the UE determines that it is not either in the neighborhood of its H(e)NB or camped in it, so it switches its SRR to Stand by status, in order to save battery power. Then, the UE could require to the H(e)NB, following a procedure FFS, to switch its SRR to Stand by state. The latter would be done in order to reduce the level of radio interference generated by the H(e)NB SRR.

If the UE SRR does not detect the advertising packets from the H(e)NB, but it is camping in some of the macrocells included in the Femto-Overlapping Macrocells list, then the UE determines that the it is in the neighborhood of its H(e)NB but not camped in it, so it switches its SRR to Initiating state (in the case it were in Stand by state), and the UE could request to the H(e)NB to switch its SRR to Advertising state (in the case it were in Stand by state, following a process which is left FFS). This is done in order to allow the establishment of the short range communications link supported by the SRR between the H(e)NB and the UE, once the H(e)NB and the UE are close enough to each other. 

If advertising packets are detected at the UE, the UE checks if the H(e)NB identification (e.g. CSG ID) of the advertising H(e)NB SRRis included in its list of authorized H(e)NB’s (i.e. CSG list). If it is in the list, both the UE and the H(e)NB SRR will change to the Connect status. Once the connection of the short range radio link between the UE SRR and the H(e)NB SRR has been established, the H(e)NB will switch on its radio section.

In the case of the HNB, for the period of time when the radio section of the HNB is switched off and is not radiating, any other HNB can be switched on radiate with the same pair of Absolute Radio Frequency Channel Number (UARFCN) and Primary Scrambling Code (PSC) values. Before switching on the radio section of the HNB, it will have to check the validity of the previously used radio physical channel. One possibility is that the HNB checks the previously used UARFCN and the PSC, and in the case they are not in use it radiates the signal with the same values of UARFCN and PSC as used before switching off. In the case these values are in use, the HNB will have to select the UARFCN and PSC with lower power detected from a set of possible values.

When the radio section of the H(e)NB is switched on, the UE will try to camp in the H(e)NB. Both the H(e)NB and the UE will wait for a predetermined time (Camping Check Time) to check if the UE has camped in the H(e)NB.

If the UE has camped in the H(e)NB  after the Camping Check Time has elapsed, both the H(e)NB SRR and the UE SRR will be switched to the Stand by state. In the stand by state, the SRR does not either transmit or check the reception of any radio packet. The rationale for switching to the Stand by state is twofold; saving battery energy resources in the UE, and reducing the radio spectrum occupation and the level of interference produced by the SRR.

Once the Camping Check Time has elapsed, if the UE has not camped in the H(e)NB, the UE SRR will be switched to the Initiating state, and the H(e)NB SRR will switch to the Advertising state, and the H(e)NB will switch off its radio section. 

When the UE leaves the coverage area of the H(e)NB, it will not be camped in it any longer, so the same procedure than in the last paragraph will be applied; the UE SRR will be switched to the Initiating state, and the H(e)NB SRR will switch to the Advertising state, and the H(e)NB will switch off its radio section.

One additional advantage of this procedure is that it could be applied also to other non-3GPP radio interfaces included in the H(e)NB. For example, it is expected in the next future that many H(e)NB’s will include an IEEE 802.11 (Wi-Fi) Access Point functionality, and its always-on radio section unnecessarily pollutes the ISM radio spectrum when the user is not at home and consumes power.
3. Conclusion
This contribution provides a detailed description of a procedure to switch off and on the radio section of a H(e)NB, based on the use of a short range radio interface (as could be Bluetooth Low Power). This implementation ensures that the H(e)NB will be transmitting only when the user is at home, and at the same time minimizes the time that the short range radio is active, in order to save battery.
Based on this contribution explanations we  propose:

 Proposal 1 Standardising a procedure for switching H(e)NB’s when no traffic is foreseen.
Proposal 2  Initiate studies to accomplish proposal 1 based on the use of Sort Radio Interfaces

Proposal 3 Update and develop 3GPP TR 36.902 Section “4.3
Interference Reduction”, in order to include  interference reduction based on cell switch on/off use case. 
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