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1 Introduction
In the latest technical report [1], three solutions for switch on enhancement were captured, i.e.; 
· Solution 1: UE detection of DL signalling from the hotspot cell
· Solution 2: IOT measurement by the hotspot cell
· Solution 3: Detection of UL signals by the hotspot cell
At the same time, several open issues on the solutions were identified [1]. As for solution 3, the open issues were captured below; 
	Issue1

It needs to be discussed whether this mechanism needs to change UE behaviour.
Issue 2

The operational state of the hotspot cell needs to be clarified.

Issue3

What is the advantage compared to solution 1 in terms of energy saved and speed of detecting the right hotspot cell.


In this paper we would provide the analysis of open issues for solution 3. 
2 Description
2.1 UL signals used in solution 3
Solution 3 was originally proposed as CB-HetNet-ICIC solution 1c – 1e [2]. The word “UL signals” was intended; 
1. Random access preambles on coverage cell PRACH resources

2. SRS (Sounding Reference Signal) 

3. DM-RS.

Observation 1
UL signals for solution 3 intend existing three signals. 
2.2 Analysis of open issues
Whether or not solution 3 will support all of the three signals above, the open issues captured in the technical report can be analyzed. 
2.2.1 Issue 1
The open issue 1 is as follows; 
	Issue1

It needs to be discussed whether this mechanism needs to change UE behaviour.


Solution 3 will use existing UL signals, PRACH, SRS and/or DM-RS. The UE behavior is categorized into two phases, configuration phase and transmission phase. 
In the configuration phase, eNB configures UE parameters to transmit the UL signals. It may include resource allocations (time/frequency), sequences and so on. Obviously the UL signals exist in current standards and UE transmits the UL signal(s) complying to the standards. In addition, the hotspot cells should detect the standard-complying signals for switch on enhancement. Therefore, solution 3 don’t need to change any UE behaviour. 
Observation 2
If solution 3 was designed under complying current UE behaviour, issue 1 was not problem anymore. 
Proposal 2

Solution 3 should be designed under complying current UE behaviour. 
2.2.2 Issue 2
The open issue 2 is as follows; 
	Issue 2

The operational state of the hotspot cell needs to be clarified.


We believe the word “operational state” can be divided into two categories, power domain and time/frequency domain. 
The power domain status means whether Tx chain or Rx chain should be activated. Obviously solution 3 needs to activate RX chain in the hotspot cell to detect UL signals but Tx chain including power amplifiers doesn’t need since it just detects UL signals from UEs. In other words, the status of the hotspot cell can be called “Listening” or “Partial activated”. 
Observation 3
Solution 3 needs the hotspot cell(s) to activate RX chain but can maintain Tx chain deactivated. 
The time/frequency domain status means whether or not it needs synchronization between the coverage cell and the hotspot cells. In case to use SRS for solution 3, we have already known it needs synchronization between eNBs for reliable detection [3]. We guess the same assumption can be adopted for using DM-RS. On the other hands, in case to use PRACH, there is no requirement for inter-eNB synchronization, while it can facilitate easier detection to assume synchronization. 
For inter-eNB synchronization, a lot of methods have been introduced in practical network, e.g. GPS, IEEE 1588 and/or air synchronization methods. While the methods can provide precise clock-level synchronizations, solution 3 needs more rough accuracy for reliable and/or easier detection of UL signals, i.e. subframe-level synchronization, because precise information can be resumed from the UL signals. In case of considering subframe-level synchronizations, an air synchronization method without any standard changes can be adopted for solution 3, i.e. the hotspot cell listens UL signals or DL PSS/SSS. It can fall into implementation matter. 

Observation 4
Solution 3 using SRS needs inter-eNB synchronization, while it’s not mandatory if PRACH is used. 
Observation 5
The requirements of synchronization accuracy is rough, so simpler implementation techniques can be adopted for solution 3. 
Proposal 3

In solution 3, the hotspot cell is in listening status, meaning to activate RX chain and to need an implementation synchronization method. 
2.2.3 Issue 3
The open issue 3 is as follows; 

	Issue3

What is the advantage compared to solution 1 in terms of energy saved and speed of detecting the right hotspot cell.


As already identified in [1]

 REF _Ref375660941 \r \h 
[3]

 REF _Ref375660943 \r \h 
[5], solution 1 causes DL interferences during proximity UE detection. It’s a critical problem because the coverage cell experiences own overloads (therefore it wants to activate the hotspot cells now) and DL congestion is more frequently seen than UL in general [6]. As for UL, the UL signals used in solution 3 can be allocated dedicated radio resources by the coverage cell. Therefore the UL signals can be received orthogonally at the coverage cell. 
Observation 6

Solution 3 is the interference-free mechanism in DL as well as in UL. 
From the perspective of additional energy consumptions for proximity UE detection, solution 3 don’t need Tx chain activation as discussed above, while solution 1 should obviously activate Tx chain to transmit SCH/BCH/RS signals for the detection as described in [7] for inter-RAT solution below; 
	It should be noted that during the probing interval, the hotspot cell only transmits SCH/BCH/RS signals and does not accept any traffic.


As for ratio of power consumption in base stations, the power amplifier (PA) stage consumes 20 – 60% of base station power for example on Figure 29 in [8]. To maintain PAs under deactivation is the most important factor for saving additional energy consumption. 
Observation 7

Solution 3 is the additional power consumption-free mechanism in PA stages. 
The other aspect to be considered is detection speed. Solution 1 needs about one or more minutes (at least 10 seconds) as stated in [9]

 REF _Ref375663578 \r \h 
[10] below; 
	The BS probing time interval X will always be less than Y. The BS probing time interval X can be an operation-specific parameter with a minimum in the range of 1 to 2 minutes, depending on the DRX cycle length as specified in TS 25.133 and TS 36.133.


	Assume for the sake of argument that a cell has a probing time of 10 seconds but the required probing time is one minute [2].


On the other hand, solution 3 uses UL signals transmitted from UEs which are now communicating. Therefore, the configuration time from eNB to UE is negligible, since X2 latency over non-ideal backhaul is dominant. Assuming the worst latency of 60[ms] on DSL Access in the Small Cell study [11] and two times round-trip over X2 according to the steps in [1], 240 + alpha [ms] can be estimated. Assuming the detection is completed by just one shot of UL signal, solution 3 is at least about 40 times faster than solution 1. 
Observation 8

Solution 3 is the high speed detection method.  
Proposal 4

Solution 3 has advantages in interferences, energy efficiency and detection speed comparing to Solution 1. 
Proposal 5

It is proposed to capture the text proposal in Annex for solutions to the issues for solution 3 in the TR.
3 Conclusion
In this paper, we discuss the issues identified for switch on enhancement solution 3. RAN3 is kindly asked to discuss and agree on the following proposals; 
Observation 1
UL signals for solution 3 intend existing three signals. 
Observation 2
If solution 3 was designed under complying current UE behaviour, issue 1 was not problem anymore. 
Proposal 2

Solution 3 should be designed under complying current UE behaviour. 
Observation 3
Solution 3 needs the hotspot cell(s) to activate RX chain but can maintain Tx chain deactivated. 
Observation 4
Solution 3 using SRS needs inter-eNB synchronization, while it’s not mandatory if PRACH is used. 
Observation 5
The requirements of synchronization accuracy is rough, so simpler implementation techniques can be adopted for solution 3. 
Proposal 3

In solution 3, the hotspot cell is in listening status, meaning to activate RX chain and to need an implementation synchronization method. 
Observation 6

Solution 3 is the interference-free mechanism in DL as well as in UL. 
Observation 7

Solution 3 is the additional power consumption-free mechanism in PA stages. 
Observation 8

Solution 3 is the high speed detection method.  
Proposal 4

Solution 3 has advantages in interferences, energy efficiency and detection speed comparing to Solution 1. 
Proposal 5

It is proposed to capture the text proposal in Annex for solutions to the issues for solution 3 in the TR.
4 References

[1] 3GPP TR 36.887 V0.4.0 (2013-11), Study on Energy Saving Enhancement for E-UTRAN (Release 12), CMCC
[2] R3-121802, Update of TR R3.024, NSN, 3GPP TSG-RAN WG3 Meeting #77 
[3] R3-131830, Switch-on Solutions for Overlaid Scenario, Qualcomm, CMCC, 3GPP TSG-RAN WG3#81bis 
[4] R3-131892, Response to R3-131830, “Switch-on Solutions for Overlaid Scenario”, Kyocera, 3GPP TSG-RAN WG3#81bis
[5] R3-132299, UE proximity detection for ES cell activation for overlaid scenario, Kyocera, 3GPP TSG RAN WG3 Meeting #82
[6] RWS-120014, Towards LTE RAN Evolution, Alcatel-Lucent, 3GPP Workshop on Release 12 and onwards, 11-12 June 2012

[7] R3-120692, Comparison of UE measurements solution with Release 9 solutions for cell-reactivation, KPN, 3GPP TSG-RAN WG3 #75-BIS
[8] INFSO-ICT-247733 EARTH Deliverable D6.4, Final Integrated Concept, Ericsson et al, July 16, 2012 
https://bscw.ict-earth.eu/pub/bscw.cgi/d49431/EARTH_WP6_D6.4.pdf
[9] R3-110028, BS probing solution for hotspot cell switch-on – Feasibility and benefits, KPN, TNO, 3GPP TSG RAN WG3 Meeting #70bis 
[10] R3-121059, UE measurement method, Huawei, Nokia Siemens Networks, Ericsson, 3GPP TSG-RAN WG3 Meeting #75-bis 
[11] 3GPP TR 36.932 V12.0.0 (2012-12), Scenarios and Requirements for Small Cell Enhancements for E-UTRA and E-UTRAN
Annex
------------- TR text proposal -------------
[…]
4.

Inter-eNB energy saving enhancement for overlaid scenario

4.1
Study on inter-eNB scenario 

4.1.1
Description of scenario 

[…]

4.1.2
Solutions description

4.1.2.1
Different ES actions for different UEs

[…]

4.1.2.2
Switch On enhancement
[…]

Solution 3: Detection of UL signals by the hotspot cell
[…] 
The following issues have been identified:
Issue1

It needs to be discussed whether this mechanism needs to change UE behaviour.
Solution 3-1.1: UE behaviour is not required to change. 
Issue 2

The operational state of the hotspot cell needs to be clarified.
Solution 3-2.1: Rx chain in the hotspot cell should be activated. and inter-eNB synchronization should be assumed. The synchronization requirements can be met by an implementation technique in case of PRACH. 
Issue3

What is the advantage compared to solution 1 in terms of energy saved and speed of detecting the right hotspot cell.
Solution 3-3.1: Additional energy consumptions for detection is significantly lower than solution 1thanks to keeping PA in the hotspot cell deactivate. In addition, detection speed is extraordinary faster than solution 1. 
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