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1 Introduction

In [1], the UE measurements solution is regarded as a candidate for exiting dormant mode efficiently in both inter-RAT and inter-eNB scenarios. This solution has been described in detail in [2], while its feasibility and benefits were discussed in [3] and [4]. The main benefit is a highly efficient activation of dormant cells in energy saving networks when load conditions increase. During the last RAN3 meeting it was asserted that using only Release 9 functionality to perform UE measurements, as proposed in [5], does not guarantee interoperability in multi-vendor deployment scenarios [10]. 
In this contribution we provide further motivation for explicit support of the UE measurements solution on the X2 interface and in inter-RAT signalling.  
2 Radio aspects of the UE measurements solution
As outlined in [1], the UE measurements solution is defined as follows:

When the coverage UTRAN/GERAN cell detects high load, it can request some dormant E-UTRAN cells to transmit the pilot signal (e.g. reference signal in LTE) for at least a short time interval, i.e. the so-called ‘probing’ interval. After this interval, all or some E-UTRAN cells will return to dormant mode. The UEs covered by the coverage cell will be configured to perform Reference Signal (RS) measurements from the E-UTRAN cells during this interval and send feedback (the same approach as defined for mobility purposes in TS 36.331 could be used). Based on the measurement results, the UTRAN/GERAN coverage cell will then determine which E-UTRAN cells should be switched on.


It should be noted that during the probing interval, the hotspot cell only transmits SCH/BCH/RS signals and does not accept any traffic.
3 Signalling aspects of the UE measurements solution
Two main options exist for network signalling related to the UE measurements solution.

Option 1 - no added signalling in Rel-11:

This option was proposed in [5]: “Consider a cell in dormant mode that activates the probing state when it receives the cell activation request and responds with the cell activation response message. The cell remains in the probing state for a configurable time or until a handover request message is received from the cell providing coverage. If the timer expires, the cell enters dormant mode and in the other case the cell understands that it is considered useful and enters normal operation mode.”  
Option 2 – introduce explicit signalling related to the probing state in Rel-11:
This option was proposed in [10].

The question is then whether a probing state (UE measurements solution) may be introduced according to option 1 while not breaking principles for interoperability and backwards compatibility. Our analysis is based on the following commonly accepted definition [11]:

Interoperability is a property of a product or system, whose interfaces are completely understood, to work with other products or systems, present or future, without any restricted access or implementation.
We believe option 1 does not satisfy these principles for the following reasons: 
1. Interfaces are not completely understood: Option 1 is based on the assumption that a cell activation request message is interpreted by a hotspot cell that it should perform BS probing, whereas the original intent of this message is to instruct full activation. In a multi-vendor deployment with a mixture of probing-enabled hotspots and non-probing hotspots, it is impossible for the coverage cell to determine (with complete certainty) the state that a hotspot enters into upon receiving a cell activation request message. 
2. Restricted access or implementation: 
Because the behaviour of the hotspot upon receiving the cell activation message (i.e. the probing state) is left to implementation, different vendors may choose different implementations for BS probing, of which the proposed solution in [5] is just one such implementation. It is therefore impossible for multi-vendor hotspot deployments to exist that are feasible and stable and ensure interoperability. For example, consider a deployment with hotspots from four different vendors, each with different implementations of the hotspot probing state as follows:
· Vendor A: transmission of BCH/SCH/RS signals and no traffic accepted for a predefined period tprob1 after which the hotspot goes to dormant mode or during which it fully activates only if a handover request is received (i.e. second and consecutive cell activation message is/are ignored).

· Vendor B: transmission of BCH/SCH/RS signals and no traffic accepted for a predefined period tprob2 after which the hotspot goes to dormant mode or during which it fully activates if a handover request is received (i.e. second and consecutive cell activation message is/are ignored).
· Vendor C: transmission of BCH/SCH/RS signals and no traffic accepted for a predefined period tprob2 after which the hotspot goes to dormant mode or during which it fully activates if a second cell activation request message is received (i.e. handover requests are ignored).
· Vendor D: full activation.
In all of the above cases, messages sent from the coverage cell to the hotspot cell on the X2 interface (e.g. cell activation request message, or a handover request message) does not result in consistent behaviour of the hotspots. For example: 
· for Vendor C’s hotspot, a handover request message received while it is in probing state will be ignored, whereas for the hotspots of Vendors A and B it is an indication to fully activate. 
· For Vendor C’s hotspot, a second cell activation request message is interpreted as an instruction to go into a fully activated state, whereas for hotspots of vendors A and B, it will be ignored.
· since the predefined probing state time periods for Vendor A and Vendor B are different from each other, it is unclear how long the coverage cell must wait for UE measurement reports and by when it should send a handover request message to the hotspot cell selected for full activation; note, if this message is sent too late, then full activation cannot be performed.
· for Vendor D’s hotspot, there will be unnecessary acceptance of traffic and handovers during the ‘probing’ period. 

3. Unworkable in the present or future: In our view, Option 1 will not ensure backward compatibility for future enhancements on top of the UE measurements solution. This is because hotspot eNodeBs may have vastly different behaviours in response to the same (cell activation) message, and therefore the single baseline with which future enhancements should be compatible is unknown.
Proposal 1: Explicit signalling related to the probing state is introduced in Rel-11 for intra-LTE and inter-RAT scenarios.
4 Standardisation impact
For the intra-LTE energy saving scenario, the two main stage 3 solutions implementing explicit signalling as described in option 2 above are in our view: 

1) Use X2 CELL ACTIVATION REQUEST message enhanced with information specific to the probing state. We would like to propose to include an IE containing a timer value (duration of the probing state – Tprobing IE). Such IE may be given criticality "reject", in which case any legacy node will reject the procedure using "error indication" and in this way inform the sender about the probing state not being supported. 

2) Introduce a new elementary class 1 procedure on X2 in order to request an eNB to activate probing state for one or more of its served cells. Such message would convey the same type of information related to the probing state as described above (timer value).
A cell activation request, or new message, with timer information Tprobing indicates that a hotspot cell that supports probing should enter into probing state for the duration of Tprobing seconds. A reception of a cell activation request without any timer information, e.g. as specified in Rel.9/10, by the probing enabled hot-spot indicates that it should activate fully as illustrated in Figure 1. 
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Figure 1: Cell activation of a probing-enabled Hotspot eNB

If during the Tprobing interval the probing enabled hotspot does not receive a cell activation request message it autonomously switches off, as presented in Figure 2.
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Figure 2: Probing-enabled hotspot eNB entering into dormant state after probing state

Only after entering the fully active state does the hotspot eNB need to send eNB configuration updates to its neighbours. Additionally, if a hotspot cell goes from probing state to dormant state (after expiry of the timer Tprobing), a cell deactivation notification message is not needed (Figure 2). In any of the possible Release 9 implementations, such a message is (unnecessarily) needed (see [10]). 
A legacy hotspot eNB that receives the X2 CELL ACTIVATION REQUEST including Tprobing information element will reject the activation procedure due to the unknown timer information (Tprobing) as sent by the coverage cell and issue an Error message (as shown in Figure 3). 
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Figure 3: Legacy hotspot eNB rejecting the cell activation request with Tprobing

If the coverage cell aims at triggering a legacy hot-spot cell for changing its energy saving state from dormant to fully active it just issues a Rel.9/10 X2 CELL ACTIVATION REQUEST without the timer Tprobing.

Proposal 2: Enhance the X2 interface with information relative to the probing state (timer information), using existing CELL ACTIVATION REQUEST message or new message.
Support of the inter-RAT energy saving scenario being part of the Rel-11 work item, we also propose probing state related information to be included in inter-RAT signalling. Such information should include timer information as well as a possibility for the energy saving eNB to provide feedback to the requesting RNC in case the probing state is not supported.
Proposal 3: Include probing state related information in Rel-11 inter-RAT signalling for the energy saving scenario... 

5 Conclusion
We have analysed the need to introduce Rel-11 signalling support for the UE measurements solution (probing state). 
We kindly request RAN3 to discuss and agree upon the following proposals:

Proposal 1: Explicit signalling related to the probing state is introduced in Rel-11 for intra-LTE and inter-RAT scenarios.
Proposal 2: Enhance the X2 interface with information relative to the probing state (timer information), using existing CELL ACTIVATION REQUEST message or new message.

Proposal 3: Include probing state related information in Rel-11 inter-RAT signalling for the energy saving scenario.
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