Page 8

3GPP TSG RAN WG3 Meeting #84	R3-141292
Seoul, Republic of Korea, 19 May - 23 May, 2014
	

Agenda item:	15.2.2
Source: 	Kyocera
Title: 	Analysis on open issues of Switch On Enhancement Solution 3
Document for:	Discussion and Approval
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.
Issue4
What is the typical trigger for the booster cell to start proximity detection considering that the coverage cell needs to predict the need of resources?
Issue5
How much time is required in order to collect the information (order of seconds, tens of seconds, minutes or more)




In this paper we would provide the analysis of open issues for solution 3. 
Description
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. 

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. 
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 doesn’t need to change any UE behaviour. 

Observation 2: If solution 3 can be designed under complying current UE behaviour, issue 1 was not problem anymore.

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 the transmitter or the receiver should be activated. Obviously solution 3 needs to activate its receiver in the hotspot cell to detect the UL signals transmitted from UE, but its transmitter including power amplifiers isn’t needed for the detection. In other words, the status of the hotspot cell can be called as “Listening” or “Partial activated”. 

Observation 3: Solution 3 needs the hotspot cell(s) to activate its receiver but can maintain its transmitter 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 detections [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 the inter-eNB synchronization, a lot of methods have been introduced in practical network, e.g. GPS, IEEE 1588 and/or air-synchronization. While the methods can provide precise clock-level synchronizations, solution 3 needs more rough accuracy for reliable and/or easier detection of the UL signals, i.e. subframe-level synchronization, because precise information can be resumed from the UL signal itself. 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 the 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. 

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][3][5], solution 1 causes DL interferences during the 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 also DL congestions are 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. Thus, it doesn’t waste any energy caused by additional DL transmissions due to the interferences.

Observation 6: Solution 3 doesn’t waste energy due to the interference in DL. 

From the perspective of additional energy consumptions for the proximity UE detection, solution 3 don’t need to activate the transmitter in the hotspot cell(s) as discussed above, while solution 1 should obviously activate its transmitter to generate 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 the ratio of power consumption in base stations, the power amplifier (PA) stage consumes 20 – 60% of base station power for example described 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 the speed of detection. Solution 1 needs about one or more minutes (at least 10 seconds) as stated in [9][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 needs less than 1 second to detect the right hotspot cell(s), as we mention the details of the estimation in the section of issue 5 below. Therefore, solution 3 is expected to achieve at least 10 times faster detection than solution 1. 

Observation 8: Solution 3 is expected to achieve at least 10 times faster detection than solution 1.  

Issue 4
The open issue 4 is as follows;
	Issue4
What is the typical trigger for the booster cell to start proximity detection considering that the coverage cell needs to predict the need of resources?




Solution 3 needs to make the booster cell(s) to detect the UL signal that is transmitted from e.g. the UE(s) which causes heavy load. Thus, the coverage cell needs to inform the booster cell(s) of the UE-dedicated configurations with a new message over X2, according to the step 2 of the TR. The new message can be considered as the typical trigger for the proximity detection. As another option, an explicit indicator to start the proximity detection can be considered. 

The other aspect for the trigger is when the message is sent. It can be considered as a simple way that, if the load in the coverage cell is higher than a threshold then the coverage cell sends the message to the booster cell(s) to start the proximity detection. The threshold of load to trigger the proximity detection may be provided by OAM. 

Observation 9: The proximity detection is typically triggered by sending a new message or an explicit indicator that is exchanged over X2AP from the coverage cell to the booster cell(s), when the load of the coverage cell is higher than a threshold which may be configured by OAM.


In case of solution 3 with PRACH, according to [11], the booster cell(s) may be informed of the dedicated preamble information for specific UEs which cause heavy load in the coverage cell. While it may be used for the trigger of the proximity detection, the details are FFS.

Issue 5
The open issue 5 is as follows;
	Issue5
How much time is required in order to collect the information (order of seconds, tens of seconds, minutes or more)



To estimate the time to collect the information with Solution 3, we would provide the assumption for each the steps captured in the TR [1] as follows;  

	Step 1: The coverage eNB determines and configures UEs for uplink transmission.



The details of Step 1 are already discussed in previous section. For the determination of UEs in the coverage eNB is performed when the eNB experiences its high load. This is the start point for the proximity detection. 

As for the configuration of UEs, it’s negligible comparing to the X2 latency with non-ideal backhaul , because the UEs, which are configured to transmit UL signals, are now communicating with the coverage cell, i.e. probably in RRC_CONNECTED,  and causing the high load in the coverage cell. 


	Step 2: The coverage eNB sends the uplink signals configuration to the hotspot eNB by new IE on X2AP.



Step 2 is considered as the dominant step in the time estimation, because X2 messages typically go through the non-ideal backhaul. According to the study on small cell enhancement [12], the TR mentioned that typical backhaul which was widely used in the market is xDSL and it captured the latency of DSL access as 15-60 [ms]. To take the worst case, the X2 latency of one-way message is assumed as 60 [ms] in this evaluation. 

While it has not been discussed whether Step 2 consists of one-way message or two-way messages, i.e. request and the response, 120 [ms] is assumed to have two-way messages for taking the worst case into account.

	Step 3: The hotspot eNB detects the configured nearby UEs by monitoring the uplink signals. After detecting uplink signalling with the signalled configuration, it can use this information for switch on decisions. It can also send the detection information to the coverage eNB, over new IEs or X2-AP messages, which can make the switch-on decision and signal this to the hotspot eNB.



As mentioned in the assumption for Step 1 above, the signallings over air interface can be negligible. With regard to the X2 message, it’s obviously assumed in the text in the TR that one-way massage, i.e. 60 [ms], will be used to inform the coverage eNB of the result of the proximity detection. 

Based on the above assumptions for each steps, the time to collect the information can be estimated as approximately 180 + X [ms], where the X is a variation depending on eNB implementation matters, e.g. setup time to activate the receiver of the hotspot cell.

Note that there is actually a time variation depending on which UL signal is used, i.e. PRACH, SRS and DM-RS, so it may be included in the X above. For example in case to use SRS with frequency hopping, the hotspot cell(s) may monitor SRS during a longer period than that without frequency hopping. The time variation is estimated as at most 10 [ms].

Observation 10: Solution 3 needs 180 + X [ms] for proximity detection, considering the worst case. 


For more accurate estimation, the time to collect the information is calculated as follows, referring to an example of signalling flow for solution 3 with PRACH illustrated in Figure 1 [11]. 

· P1: Referring to Step 2 in the TR, we assume two-way messages to inform the hotspot eNB(s) of the configuration and starting the proximity detection. The request/response messages between the coverage eNB and the hotspot eNB(s) needs two times 15-60 [ms] + α [ms], where the α is the setup time in the hotspot eNB(s) for the proximity detection, e.g. wake-up its receiver with applying the configuration received.
P1 is estimated to spend 30-120 [ms] + α [ms]. 

· P2: Referring back to Step 1 in the TR, the coverage eNB transmits PDCCH to the UEs for the uplink transmission. The time to transmit the PDCCH is within 1 [ms].
P2 is estimated to spend 1 [ms]

· P3: Referring Step 3 in the TR, the time lag between the PDCCH reception and the preamble transmission is estimated as 4-14 [ms], where the time considers PDCCH decoding time and PRACH Configuration index [12]. The hotspot eNB(s) is monitoring the UL signals continuously during the time lag, i.e. by at least the UE(s) finishes transmitting the preamble once. 
The time to transmit the preamble itself is within 1 [ms].
The hotspot eNB(s) informs the coverage eNB of the information by means of X2 message. The time is 15-60 [ms], due to the latency over non-ideal backhaul.
P3 is estimated to spend (4-14) + 1 + (15-60) = 20-75 [ms]

Therefore, the overall time to collect the information is estimated as from 51 [ms] to 196 + α [ms], which is order of hundreds of milliseconds. 

Note that the cell activation procedure after P3 is out of scope of the issue 5.

Observation 11: Solution 3 with PRACH spends from 51 to 196 + α [ms]. 

Observation 12: Solution 3 needs less than 1 second for proximity detection.




[bookmark: _Ref387172615]Figure 1: Example of signalling flow for solution 3 with PRACH


Proposal 1: It is proposed to capture the text proposal in Annex for solutions to the issues for solution 3 in the TR.
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.
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. 
Observation 6: Solution 3 doesn’t waste energy due to the interference in DL.
Observation 7: Solution 3 is the additional power consumption-free mechanism in PA stages. 
Observation 8: Solution 3 is expected to achieve at least 10 times faster detection than solution 1.
Observation 9: The proximity detection is typically triggered by sending a new message or an explicit indicator that is exchanged over X2AP from the coverage cell to the booster cell(s), when the load of the coverage cell is higher than a threshold which may be configured by OAM.
Observation 10: Solution 3 needs 180 + X [ms] for proximity detection, considering the worst case. 
Observation 11: Solution 3 with PRACH spends from 51 to 196 + α [ms].
Observation 12: Solution 3 needs less than 1 second for proximity detection.


Proposal 1: It is proposed to capture the text proposal in Annex for solutions to the issues for solution 3 in the 
TR.
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Annex
------------- TR text proposal -------------

[bookmark: _Toc354178798][…]

4.		Inter-eNB energy saving enhancement for overlaid scenario
[bookmark: _Toc354178796][bookmark: _Toc304766792]4.1	Study on inter-eNB scenario 
[bookmark: _Toc354178797][bookmark: _Toc304766793]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: The receiver 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. 

Issue 4
What is the typical trigger for the booster cell to start proximity detection considering that the coverage cell needs to　predict the need of resources?

Solution 3-4.1: When the load of the coverage cell is higher than a threshold which may be configured by OAM, the coverage cell starts proximity detection by sending the new IE on X2AP to the booster cell(s).

Issue 5
How much time is required in order to collect the information (order of seconds, tens of seconds, minutes or more)

Solution 3-5.1: Solution 3 requires less than one second.
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