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1. Introduction

In the BS probing solution for hotspot reactivation (also known as the ‘UE measurements’ solution), the coverage-providing cell instructs hotspots to enter into a new state called the ‘BS probing mode’ during which requests and reports are gathered from UEs (e.g. event reports) and based on this information a decision is made as to which hotspot(s) should be fully activated. In the BS probing mode, the hotspots do not admit any traffic and only transmit the RS/BCH/SCH signals. Further information about the BS probing solution, which is applicable to both the inter-RAT and inter-eNB energy saving scenarios, can be found in [1].
The purpose of this contribution is to discuss the solution further, especially:
1. The level of UE measurements/signalling.
2. The impact on various network operations and elements, e.g. load balancing, automatic neighbour relations function, mobility robustness optimisation, legacy base stations, and eICIC. 

2. Network signalling due to BS probing
The network signalling in the BS probing solution includes the BS probing notification message sent from the coverage-providing cell to the hotspot cell, measurement and event configurations and messages, and the final switch-on/off messages sent to the hotspot cells.
The following messages are exchanged:

- Probing notification message sent to N hotspot cells (one request message and one response message per hotspot).
- Measurement and reporting event configuration within one message from the coverage-providing cell to each active UE (assuming a total of U terminals, one request message and one response message). In LTE the RRC Connection reconfiguration message applies, while in UMTS the Measurement Control message applies.
- Event reports from active UEs that could be covered by a probing hot-spot UA reports, where UA ≤ U.
- Final switch-on/off messages sent to hotspot cells (W cells with one request message and one response message each, where W is the number of cells to be reactivated and W ≤ N).

Therefore, the total number of messages exchanged is:

T = 2N + (2U + UA ) + 2W.
The signalling overhead caused by these messages is not significant:


a) The probing/activation messages in the worst case are 4N (where N is the number of hotspots) and are carrying low amount of information (i.e. probing/activation indications). They are transferred only a limited number of times per day (e.g. once or twice per day). Additionally, they are conveyed over high-capacity fixed links between the coverage and hot-spot cells. Therefore, the signalling overhead introduced by these messages can be neglected.


b) The measurement configuration and event reporting messages in the worst case are 3U (where U is the number of active UEs in the coverage cell during the probing mode) and they are transferred N-1 (or 2(N-1) in case of aggressive ES scheme) times per day over the radio interface between the coverage cell and the active UEs. As these messages are conveyed over the individual RRC signalling connections with reserved capacity between the coverage cell and the active UEs only during the few probing periods during the day their signalling overhead is not significant.
3. Impact on network operations
Legacy base stations
Here we focus on the cases where either the coverage cell or the hotspot cells do not support BS probing:


a) If there is a legacy coverage cell and a BS probing enabled hotspot, this is not a problem because there will never be a probing indicator received from the coverage cell. The hotspot cell will always receive the activation indicator (as the coverage cell is unable to communicate a probing indicator) and activate accordingly.


b) If there is a BS probing enabled coverage cell and a legacy hotspot cell, this should also not be a problem. After the reception of the probing indicator from the coverage cell, which is not comprehensible by the hotspot cell, the hotspot cell can either do nothing or send back an error (unknown message received). In both cases the BS probing enabled coverage cell, after realising that the probing indicator has failed, can send a regular activation message (which is well understood by the legacy hot-spot).
The legacy UEs, when discovering and measuring the probing hotspot cell, will react as if it was a normally operating cell, with the exception that handovers and new session requests (apart from signalling) towards the probing hotspot will be rejected.
Self-Organising Networks (SON)
 - Mobility Robustness Optimisation
During the BS probing period and for the intra-RAT scenario where hot-spots and coverage cells are using the same frequency, there may be additional interference that causes a lower SINR, and in very rare occasions call dropping events. This undesirable consequence should not affect the MRO algorithm because:

1. The coverage-providing cell knows that one or more of its hotspots are in BS probing mode and therefore ignores (filters out) any RLF measurements involving the probing hotspots that are taken as input for MRO purposes.

2. The very rare RLF events (during the probing intervals) should not influence the MRO algorithm by design. If the MRO algorithm is properly designed the very few/rare RLFs induced by the hotspot’s probing should appear to the MRO algorithm as ‘noise’ and not trigger any MRO actions (i.e. adjustments of the HO parameters).
3. MRO can be turned off (put on hold) during the probing period and also after the switch-on of the hot-spot cells as the network has transient configuration that might result in unreliable measurements/trends.
Since MRO algorithms use data gathered over a significant period of time to make decisions, there is little or no impact of measurements taken in the probing mode on MRO algorithms. 
- Automatic Neighbour Relations function

If the coverage cell executes the ANR function during the BS probing mode a question might arise about the effects of BS probing on the working of the ANR function. In the BS probing mode it is assumed that the X2 and S1 interfaces are up and running conveying various signalling messages such as e.g. the probing initiation message from the coverage cell towards the hot-spot cell over X2. 

An active UE measures the probing hotspot cell and reports its physical cell ID to the coverage cell. At the receiving end, the coverage cell knows that the reported physical cell ID corresponds to the existing X2 interface with the probing hotspot cell. Consequently, the reported cell IDs from probing hotspot cells will neither trigger further UE measurements nor establish X2 interfaces. 

- Load balancing

There is no impact on load balancing expected from BS probing. In load balancing, cell individual offsets (CIOs) may be exchanged between cells based on a negotiation process about how to shift traffic between neighbours and resolve eventual excessive load situations. During the BS probing mode, all load balancing functionality in the hotspot cell is disabled as part of the probing profile/configuration. Therefore, even if there is an X2 interface between the coverage and probing hotspot cells, then there is no impact on load balancing. The load balancing is enabled again when the hot-spot cell is definitely switched on and triggered immediately if the coverage cell has to shift urgently existing traffic towards the hot-spots.
eICIC

In eICIC, the concept of almost blank subframes (ABS) has been introduced. A UE receives ABS information from its serving cell. In these ABSs, only the cell-specific RS and control channels          (e.g. SCH and BCH) are transmitted by the serving cell. This is to protect transmissions from the neighbouring candidate cell (which utilises the same subframes) from interference, so that the UE can make measurements of the neighbouring candidate cell for handover purposes. Note that this is relevant in the case where the same frequencies are used by the serving and neighbouring cells.
For a dynamic network with energy-saving functionality involving switching on/off hotspot cells, the impact on eICIC should be considered, especially with respect to any additional interference that may be presented by the hotspot cells to UEs connected to the coverage cell. In particular, for the case of BS probing, two possibilities arise:

1. ABS information is exchanged between the coverage and hotspot cells at the beginning of the BS probing mode: in this case, there is no impact on interference presented to the UEs connected to the coverage cell.

2. ABS information is not exchanged/coordinated between the coverage and hotspot cells in the BS probing mode. Rather the hotspot cell utilises previous ABS information (prior to it being switched off) that is uncoordinated with the coverage cell, i.e. the hotspot cell may make transmissions in the same subframes that the coverage cell uses for its transmissions. If this occurs, then there may be some interference presented to UEs connected to the coverage cell caused by transmission from the hotspot cell: this may occur because the control channels and CRS are used in the BS probing state. However, because the hotspot cell does not use any data channels in the BS probing state, no additional interference occurs. 
Another consequence of energy-saving functionality involving switching on/off hotspots cells for eICIC is as follows: When a UE is connected to the coverage cell but searching for hotspot cells it is assumed that the subframes used by the hotspot cells will indeed be the same as those used if it is indeed handed over to that cell. This is not necessarily the case and leads to an inaccuracy: since some of the ABSs may be reserved by other neighbours of the handover-candidate cell, the measured RSRQ (used as input for a handover decision) might be underestimated since it includes RS measurements on PRBs/subframes that are actually used by those other neighbours of the handover candidate cells and hence have interference. However, since this inaccuracy applies to both the BS probing state as well as in a ‘normal’, fully operational state when a cell is actually reactivated and true handovers can take place, the estimation of the number of handovers is accurate. This issue applies to all other ES solutions as well.
4. Conclusion
This contribution has shown that the BS probing solution (also known as the UE measurements solution) for hotspot activation in ES has little or no impact on network functionalities (e.g., load balancing, automatic neighbour relations function, mobility robustness optimisation, and eICIC) and legacy base stations.
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