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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], [4] and [12]. 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. 

Note that the examples described in this contribution are based on the inter-eNB scenario (in which coverage and hotspot cells both use LTE)  because a basic framework for inter-eNB energy savings (i.e. cell activation/response messages) already exists in 3GPP Release 9. The concepts described herein also equally apply to, and can be extended to, the inter-RAT scenario (in which the coverage cell uses UMTS and the hotspot cell uses another RAT, e.g. LTE).  

Using the inter-eNB scenario we make a comparison of the following three cases:
Option 1: Basic Release 9 signalling framework assuming no additional standardisation.
Option 2: Basic Release 9 signalling framework with a proprietary internal probing solution assuming no additional standardisation.
Option 3: Additional standardisation for explicit signalling on top of basic Release 9 signalling.
It is shown that there is significant benefit for the operator with little additional standardisation.
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 Comparisons of signalling options for UE measurements solution
There are three different signalling options for the UE measurements solution, as stated in Section 1. Below, we draw comparisons between the options, showing that with little additional standardisation, there is significant benefit for operators.

In all options a traffic scenario is assumed where the first hotspot (eNB1) is selected for activation as it attracts sufficient amount of traffic from the coverage cell. Additionally, the second hotspot (eNB2) attracts an insignificant amount of traffic and should not be activated.

Option 1: Basic Release 9 signalling framework assuming no additional standardisation.

In this option, illustrated in Figure 1, it is assumed that the hotspots are fully activated and they are capable to autonomously determine whether they should remain fully activated (baseline Release 9) by comparing the served load with a pre-defined load threshold. The hotspots are assumed not to have probing state capability. Note that, due to the assumption that eNB1 attracts significant traffic, several handover requests (e.g. ten handover requests in Figure 1) take place between the coverage eNB and hotspot eNB1. Further, insignificant traffic (e.g. only one handover in Figure 1) is offloaded from the coverage eNB to hotspot eNB2, shortly after eNB2 decides to switch itself off. This traffic is immediately handed back to the coverage eNB before the hotspot eNB2  goes back to dormant state. It is evident from the message sequences in Figure 1 (marked in red colour) that there is additional signalling (compared to Option 3), and traffic is unnecessarily attracted to the hotspots and then offloaded back to the coverage eNB.
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Figure 1: Cell activation assuming basic Release 9 signalling framework. N.B. additional messages with respect to the standardised case (i.e., option 3) are shown in red.
In particular a significant amount of additional signalling compared to if additional standardisation is specified (see Option 3) can be observed as follows:
1. Handover requests (ping pongs) between the coverage eNB and hotspot eNB2.

2. eNB configuration Updates and acknowledgements associated with hotspot eNB2.

3. Cell deactivation notification messages from hotspot eNB2  to its neighbours.

Idle UEs (not illustrated in Figure 1) may unnecessarily reselect from coverage eNB to hotspot eNBs (e.g. hot-spot eNB2) that are only activated for a short period of time. These idle UEs then need to reselect back to the coverage eNB once these hotspot eNBs are deactivated.

Option 2: Basic Release 9 signalling framework assuming proprietary probing solution and no additional standardisation.
In this option, illustrated in Figure 2, it is assumed that a proprietary probing solution with an interval duration Tprobing is internally configured within the hotspot eNBs, and is different for each hotspot due to different vendor configurations (e.g. Tprobing at eNB1 is shorter than Tprobing at eNB2 in Figure 1). No additional standardisation is assumed. Upon receiving a cell activation request and entering into a proprietary probing state, the hotspot broadcasts a cellBarred indication – this avoids cell reselections of idle mode UEs from the coverage cell to the hotspots (and vice versa). The working assumption is that the coverage cell collects UE handover reports indicating particular hot-spot as candidate target cell and decides if it will forward handover requests to that particular hot-spot. if a hotspot eNB receives a handover request message from the coverage eNB then this is an indication to go into an active state and accept traffic. As presented in Figure 2, for the same example as in Figure 1, the coverage eNB collects X-number of UE handover reports with eNB1 as target (where X is smaller than or equal to 10 in Figure 1) before it issues a handover requests towards eNB1. Further, it is assumed that Tprobing at eNB2 is not sufficiently long for the coverage eNB to collect the single UE handover request with hot-spot eNB2 as target.
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Figure 2: Cell activation assuming basic Release 9 signalling framework with a proprietary probing state and no additional standardisation. N.B. additional messages with respect to the standardised case (i.e., option 3) are shown in red.

There are three possibilities:

a) The probing interval Tprobing for some of the hotspots is too short compared to the time needed for the coverage eNB to make the selection which hotspot eNB to activate. For example, the Hotspot eNB1 already switches to dormant state before it is selected  by the Coverage eNB via a handover request message. This results in additional signalling (indicated in red colour) and delay as the Hotspot eNB1 needs to be activated again by sending a cell activation request followed immediately by a handover request, see Figure 2.

b) The probing intervals Tprobing for all hotspots are configured via a proprietary solution and are aligned to last just enough time so the Coverage eNB can make a decision. In this case it is possible for the selected hotspot to go directly into a fully active state from probing state and avoid additional signalling. However, this requires custom-made Tprobing alignment between the hotspots of different vendors and with the coverage eNB vendor resulting in added complexity and cost for the wireless operator.

c)  The probing intervals Tprobing for all hotspots are configured (internally by all hotspot vendors) at a somewhat safe high value such that it is ensured that the Coverage eNB always has sufficient time to make the selection. The disadvantage of this approach is unnecessarily prolonging the probing interval for the hotspots that are not selected for full activation by the coverage eNB. However, no custom-made Tprobing alignment is necessary between the hotspots of different vendors.

a. Additional standardisation for explicit signalling on top of basic Release 9 solution
For the inter-eNB energy saving scenario, the two main stage 3 options for implementing explicit signalling 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. Note that during the probing state, the hotspot broadcasts a cellBarred indication (see TS36.304 for more details) – this avoids cell reselections of idle mode UEs from the coverage cell to the hotspots (and vice versa). 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 3.
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Figure 3: Cell activation assuming additional standardisation to enable UE measurements.

Alternatively, instead of the options using only explicit signalling listed above (i.e., cell activation request extended with Tprobing information) the following combined signalling/O&M solutions are also seen as feasible due to the static nature of the Tprobing information:
3. Cell activation request extended with Probing Flag while the Tprobing interval duration is fetched from the O&M configuration (requires O&M/SA5 standardisation).

4. Introduce a new elementary class 1 procedure on X2 to include the Probing Flag while the Tprobing interval duration is fetched from the O&M configuration (requires O&M/SA5 standardisation).

Table 1 summarises two possible solutions for standardisation and their relative advantages and disadvantages. Note that for each solution there are various signalling implementation options (the explicit signalling solution may be implemented with either option 1 or 2 above, while the signalling + O&M solution may be implemented with either option 3 or 4 above).  
	
	Explicit signalling solution
	Signalling + O&M solution

	Probing Flag
	Signalling
	Signalling

	Tprobing
	Signalling
	O&M

	Advantages
	Self-contained message; little or no manual configuration required.
	Tprobing is a relatively static quantity; O&M configuration is appropriate.

	Disadvantages
	Tprobing is a relatively static quantity; similar information is repeatedly signaled.
	Manual configuration of Tprobing is required via O&M.


Table 1: Comparison of standardisation options for UE measurements solution.

Based on the analysis presented above the following proposals are derived:
Proposal 1: Explicit signalling related to the probing solution is introduced in Rel-11 for intra-LTE and inter-RAT scenarios. This may be done using either Rel-11 signalling only or a combination of Rel-11 signalling and O&M configuration (in which case O&M/SA5 standardisation is required).
As support of the inter-RAT energy saving scenario is also being part of the Rel-11 work item, it is also proposed that the probing solution related information to be included in inter-RAT signalling. Such information should include Tprobing 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 2: Include probing solution related information in Rel-11 inter-RAT signalling for the energy saving scenario. This may be done using either Rel-11 signalling only or a combination of Rel-11 signalling and O&M configuration (in which case O&M/SA5 standardisation is required).
4 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 solution is introduced in Rel-11 for           inter-eNB and inter-RAT scenarios. This may be done using either Rel-11 signalling only or a combination of Rel-11 signalling and O&M configuration (in which case O&M/SA5 standardisation is required).
Proposal 2: Include probing solution related information in Rel-11 inter-RAT signalling for the energy saving scenario. This may be done using either Rel-11 signalling only or a combination of Rel-11 signalling and O&M configuration (in which case O&M/SA5 standardisation is required).
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