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1   Introduction
Three possible solutions for switch-on enhancement in the overlaid scenario are included in the ES TR [1]. One of these solutions is the probing solution (a.k.a. “UE measurements solution”) which is captured in the TR as follows:

Solution 1: UE detection of DL signalling from the hotspot cell

The solution is based on UE detection of DL signals transmitted from the hotspot cell. The coverage eNB identifies the appropriate hotspot cells based on the UE measurements. 

The coverage eNB requests dormant hotspot cells to transmit at least downlink reference signals in order to allow UEs to perform measurements which may help to determine which hotspot cells are able to serve UEs currently served by the coverage cell. It is assumed that existing UE measurements are suitable for that purpose. The hotspot cell autonomously decides to transition to dormant mode after a while or may decide to operate in active mode if the coverage cell offloads UEs to that particular hotspot cell.
The following issue has been identified:

How to mitigate intra-frequency interference caused by the hotspot cell?
The above solution is equivalent to the probing solution for the inter-RAT scenario in 3GPP Release 11, for which a “minimum activation time” was standardized. For the case where the hotspot cell operates at the same frequency as the macro, there may be increased interference which needs to be investigated further. This issue does not exist if different frequencies are used. The benefits and details of the solution have already been shown in [2]-[5]. A previous contribution also addressed the interference issue [6].
2   Mitigation of intra-frequency interference
2.1   Problem
For the UEs to perform RRM (e.g. RSRP, RSRQ) measurements and report them to the coverage cell, the hotspot cell transmits only downlink synchronisation (PSS/SSS) and cell reference signals (CRS). This occurs during the so-called probing period. During the probing period no data is transmitted by the hotspot cell since it does not serve any users.  The probing period needs to be long enough to ensure that the coverage cell receives a sufficient number of measurement reports so that it can decide which is the best hotspot cell to offload traffic to. 

On the downlink the signals from the hotspot cell might interfere with those of the coverage cell. Consequently, active UEs, connected to the coverage cell, might suffer from degraded quality and, in the worst case, dropped calls.

2.2   Discussion and Solutions

2.2.1
Probing hotspot versus “normal” switch-on

We compare the impact of interference from a probing hotspot cell against that of a “normal”/full hotspot switch-on procedure (the baseline). Figure 1 shows the transmit power of a probing hotspot cell from when it first transmits presence signals until a decision is made to either accept traffic or deactivate itself. 

Probing hotspot cell: When the probing hotspot cell transmits presence signals, the UEs take measurements for a period of time tmeasurements, after which UE measurement reports are received by the coverage cell. After the coverage cell receives enough UE measurement reports to make a decision (which takes time tdecision), the hotspot cell will either deactivate itself or accept traffic. Note that the total probing period is tprobing = tmeasurements+ tdecision.
“Normal” switch-on of hotspot cell (baseline): For a “normal” switch-on procedure, the hotspot cell will immediately accept traffic.  Identical to a probing hotspot, there is a period of time tmeasurements during which UEs take measurements. However, when a UE measurement report is received by the coverage cell, a handover procedure is immediately executed. It can be concluded therefore that the only additional interference presented by the probing hotspot cell compared to “normal” switch-on occurs during the time taken to make a decision on which hotspot cell should be activated (i.e. approximately tdecision in Figure 1)
Observation 1: Additional interference due to probing only occurs during the period of time taken to make a decision as to which hotspot cell should accept traffic. This is not expected to be a very long time (in the order of seconds).
[image: image1.png]Tx Power

A

Identical to “normal”
switch-on

P S

Traffic is

offloaded from

coverage cell
to hotspot cell

OR hotspot cell

switches off

1

\UE; UE,

UE reports

UE,

measurements

Ldecision

time

>




Figure 1: Probing hotspot cell transmit power vs time

2.2.1
Release 11 UEs

As explained in [7], for Release 11 UEs interference may be mitigated by using CRS interference handling which has been specified in RAN1. Using CRS interference handling, collision is avoided between the macrocell’s CRS and (probing) hotspot cell’s CRS. The UE cancels the interference from hotspot cells based on a list of cell ID(s) of interfering cells and the corresponding parameters provided by macro cell. CRS interference handling was approved to be supported for Release 11 UE as below during RAN Plenary #61 meeting [8].
	#
	FDD
	Proposal
	#
	TDD
	Proposal

	1st
	CRS interference handling
	Mandatory
	1st
	CRS interference handling
	Mandatory


Observation 2: By using CRS interference handling, Release 11 UEs can mitigate intra-frequency interference caused by the probing hotspot cell.

Proposal 1: It is proposed to capture Observations 1 and 2 in the TR.
2.2.2
Legacy UEs (pre-Release 11)

Legacy (pre-Release 11) UEs connected to the macro-cell and not capable of CRS interference handling might suffer from interference during the probing period due to the CRS and PSS/SSS transmitted by the probing hotspot cell. As explained in Section 2.1, the additional time tdecision is expected to be in the order of a few seconds, and therefore the impact is expected to be minimal compared with a normal “switch-on” procedure. 

From an operator perspective UE performance and experience is of great importance. The exact impact on the performance and experience of pre-Release 11 UEs is unclear and within RAN1 scope (not RAN3). Therefore, it is proposed to send an LS to RAN1 to seek input on this. A draft LS has been prepared in [9].
Observation 3: Pre-Release 11 UEs not capable of CRS interference handling might suffer from interference due to the CRS and PSS/SSS transmitted by the probing hotspot cell. 

Proposal 2: It is proposed that RAN3 sends an LS to RAN1 for input regarding the interference presented to pre-Release 11 UEs due to probing.
3   Conclusion
In this contribution, we have attempted to address the issue of interference when the coverage cell and probing hotspot cell share the same frequency. The following observations and proposals are made:
Observation 1: Additional interference due to probing only occurs during the period of time taken to make a decision on which hotspot cell should be activated. This is not expected to be a very long time (in the order of seconds).
Observation 2: By using CRS interference handling, Release 11 UEs can mitigate intra-frequency interference caused by the probing hotspot cell.
Observation 3: Pre-Release 11 UEs not capable of CRS interference handling might suffer from interference due to the CRS and PSS/SSS transmitted by the probing hotspot cell. 

Proposal 1: It is proposed to capture Observations 1 and 2 in the TR.
Proposal 2: It is proposed that RAN3 sends an LS to RAN1 for input regarding the interference presented to pre-Release 11 UEs due to probing. 
4   Text proposal
Additional interference due to probing only occurs during the period of time taken to make a decision as to which hotspot cell should accept traffic. This is not expected to be a very long time (in the order of seconds).
By using CRS interference handling, Release 11 UEs can mitigate intra-frequency interference caused by the probing hotspot cell.
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