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Discussion/Decision
1 Introduction

The discussion on the need for extension carrier seems to be at an impasse in RAN1 at this moment. An LS [1] was sent from RAN1 to RAN 2 last meeting to initiate the relevant discussion in RAN2. 

This contribution evaluates the need for the extension carrier in RAN2 point of view. It sould be noted that RAN2 evaluation should focus on what RAN2 can evaluate. Issues like inter-cell interference can not be properly esteemed here in RAN2.

In this contribution following two aspects, that we believe belong to RAN2 expertise, are discussed.

· Access control

· System overhead

It is proposed to send an LS to RAN1 capturing RAN2 opinion on the extension carrier after discussing the issue based on the contribution.
2 Discussion
Access Control

To prevent idle mode UE to camp on a certain carrier, extension carrier could be defined. However, as pointed out previously by many companies, this can be achieved without introducing new carrier type.

· By not providing MIB/SIB1/SIB2 in the particular cell that operator wants to disallow idle mode camp-on
· By baring the particular cell that operator wants to disallow idle mode camp-on
Thus we believe the extension carrier can not be motivated from the access control’s perspective.

System Overhead Reduction
[2] pointed out that system overhead reduction from not having system information/pagin is not significant. It was clarified that the gain from not transmitting system information is only 1.8 % even in 1.4 MHz cell. It is only 0.13% in 20MHz cell. Considering that at least SIB 2 would be required even in the extension carrier, the potential gain would be even smaller. The gain from not having paging is only 0.056% when 1000 UEs are in a 5 MHz cell with 100 pagings per UE per hour in average. For more details, please see Annex.
Overhead reduction from removing PDCCH needs to be analyzed further. Two things should be considered for the analysis. 
· PDCCH overhead is already controllable between 1 ~ 3 symbols by PFICH.

· Sending PDCCH in other carrier means PDCCH increase in that carrier.

From above, one can notice that the overhead reduction gain only occurs in a specific scenario where moved PDCCH does not increase the number of control channel symbols. It would be the case where the PDCCH requirement of the extension carrier is less than half symbol. 
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As shown in Figure 1, if the PDCCH of extension carrier (CC2) exceeds the remaing part of the last control region symbol of other CC (case 1 in the figure) there is no gain at all in moving PDCCH of one CC to the other CC. So to say, one OFDM symbol is saved in CC2 by moving PDCCH to CC1, but one OFDM symbol is added for control region in CC1. Only when the PDCCH of one CC is smaller than the remaining part of the last control region symbol of other CC (case 2 in the figure), one OFDM symbol is saved which corresponds to 7.14% saving. It can be approximated that 7.14% resource saving is achievend when PDCCH requirement of the extension carrier is statistically less than half OFDM symbol. One can wonder how frequently it would happens in the real life. Moreover there is a risk in the extension carrier. By adding PDCCH of the extension carrier, the PDDCH requirement of the root carrier (the carrier that transmit PDCCH of the extension carrier) could exceed 3 symbols so that scheduling is severely limited. This may be an issue especially at the MBSFN subframes or paging subframes.
Followings are observed.

· Extension carrier would bring gain of 7.14% in non-crowded system where PDCCH requirement of the extension carrier is likely less than half OFDM symbol.

· Extension carrier would cause control channel shortage problem in crowded system where PDCCH requirement of the root carrier is likely more than 3 OFDM symbols 

It is questionable which one between gain and pain is bigger. Samsung has more concern on the possible control channel shortage problem caused by extension carrier because the activities requiring heavy control channel capacity (i.e. paging, system information, random access response) and the subframe with less control channel symbols (i.e. MBSFN subframes) are bursty and usual. 
3 Conclusion
According to the analysis, followings are observed.

· Access control can be achieved without the extension carrier
· System overhead reduction from removing system information is not significant

· System overhead reduction from removing paging is not significant

· System overhead can be reduced withe the extension carrier by 7.14% in non-crowded system.

· Control channel shortage can happen with the extension carrier in crowded system. 
With above observations, extension carrier seems not necessary at least in RAN2 point of view. 
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Annex. 
<The estimated overhead of system information>
For the analysis, only MIB, SIB1 ~  SIB 7 are considered. Table below summarizes the overhead due to the system information in a typical case.
Note : only the size of IEs are considred (i.e. presence bits are not counted). thus the actual size could be a bit higher than the values listed in the table.
	
	Periodicity
	Repetition
	Message size (bit)
	resource consumption (bps)
	Note

	MIB
	0.04
	4
	24
	2400
	　

	SIB1
	0.08
	4
	95
	4750
	No PLMN sharing. Non-CSG cell

	SIB2
	0.32
	4
	272
	3400
	3 MBSFN subframe configurations

	SIB3
	0.32
	4
	65
	813
	　

	SIB4
	0.32
	4
	26
	325
	No intrafrequency cell list, one black list, one csg phycellidrange

	SIB5
	0.64
	4
	213
	1331
	3 inter-frequencies without specific neighbor list

	SIB6
	0.64
	4
	156
	975
	3 FDD UTRA carrier frequencies

	SIB7
	0.64
	4
	183
	1144
	3 CarrierFreqsInfoGERANs

	Total
	15138
	　


Assuming spectral efficiency in cell edge is 0.6 bps/Hz/cell (RAN1 official summary on the performance verification of LTE), the overhead reduction by not having system information is shown in table below.

	System BW (MHz)
	cell edge throughput (Mbps)
	overhead

	1.4
	0.84
	1.80%

	3
	1.8
	0.84%

	5
	3
	0.50%

	10
	6
	0.25%

	20
	12
	0.13%


One can argue that instead of cell edge spectral efficiency average spetral efficiency shall be considered. In that case the overhead is further reduced by 3 times.
<The estimated overhead of paging message>
Since there is no well defined way to estimate the paging overhead, the overhead is approximated based on several assumptions and simplified model.
The number of paging messages in a cell is calculated by the product of number of UEs in a cell and the average number of pagings per UE. The assumption used in the calculation is that average number of pagings per UE per Hour is either 1, 5 or 10 times. The average number of UEs per cell is assumed as either 1000, 5000 or 10000. Then the number of paging messages per cell per hour is between 1000 ~ 100000.
The size of paging message depends on the number of paging records multiplexed in a paging message. For simplicity, one paging message is assumed to contain only one paging record. Then the size of paging message is 60 bit (8 b L2 overhead + 52 b paging message).
Table below shows the overhead caused by paging messages.
	Number of pagings per cell per hour
	1000
	5000
	10000
	25000
	50000
	100000

	Number of pagings per cell per second
	0.28 
	1.39 
	2.78 
	6.94 
	13.89 
	27.78 

	paging overhead (bit)
	16.67 
	83.33 
	166.67 
	416.67 
	833.33 
	1666.67 

	overhead in 5MHz cell
	0.001%
	0.003%
	0.006%
	0.014%
	0.028%
	0.056%
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