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1. Introduction
Currently the EARFCN numbering in RAN4 spec 36.101/104 was determined based on entire 15bits range [1, 2]. The room left for FDD and TDD was based on a paired/unpaired spectrum ratio of 2:1. While considering the estimation on spectrum in the future, the left room may run out soon. This document gives considerations on extending the current EARFCN range for LTE. 

2. Discussion

As we know, in WRC-07 meeting held in Geneva, the spectrum allocation method for IMT is determined as Method 1A,

Method 1A: Existing IMT-2000 spectrum could be identified generically for IMT, and any additional spectrum could be identified generically for IMT in the RR. 
It means that all the spectrums identified for IMT in WRC-07 can be standardized in UTRA/LTE/LTE-A specifications in the future. Currently the addition spectrum identified for IMT including,

-  450-470 MHz
-  790-960 MHz
-  2300-2400 MHz
-  3400-3600 MHz

There is a possibility that these bands will be introduced in LTE specifications in the future. Besides some countries or regions also have the plan to use 3600-4200MHz band for IMT according to the investigation information in [3]. It’s obvious that the possible IMT spectrum requires larger EARFCN range than what can be provided by current specification. 
Another aspect that should be mentioned is that various regional standardization requests for various regional bands will also have impact on the numbering range. Future introduced regional bands may have overlapping, but separate sets of EARFCN should be defined due to the difference in frequency range. So the current E-ARFCN numbering range is too limited for both FDD and TDD.

Thirdly, the current EARFCN number uniquely identifies band and frequency as well as mode, i.e. TDD or FDD for the downlink [4]. So it was decided that FDD occupies 0-25999 and TDD uses 2600 onward [5]. The left room for FDD and TDD is based on paired and unpaired spectrum ratio of 2:1. Currently with the introducing of new bands, the room left for FDD and TDD are about 800 and 300 respectively. Considering that spectrum allocation is getting more and more flexible in the future. In many countries, many bands are regulated in the manner of either FDD or TDD [2]. So the room left for TDD may be too limited. Extension is needed when either of the technologies uses up the reserved range, thus the impact is the same for both technologies. 
The foreseen drawbacks of introduce EARFCN extension in the future is as following.
-  The legacy UE cannot read the system information containing 16bits EARFCN. 
-  Since EARFCN is indexed in many place in the RAN2 specification 36.331/25.331. If it is extended in the future especially extra effort is needed to solve the compatibility issue.
-  This will make the RAN2 specification much more complex in this area in the future.
So, it’s better to consider enough EARFCN frequency range from the first release of LTE specifications to avoid possible backward compatibility problems due to numbering range extension in later release.

3. Conclusion
Considering the above discussion, it is proposed that  
· RAN4 reconsider the EARFCN numbering range as 16bits and,
· Modify the current TDD EARFCN numbering as 32000 onward. 
This will give enough room for both FDD and TDD for new band introduction in later release. A text proposal is presented in the annex.
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Annex
-------------------------------------------------------Start of Text Proposal------------------------------------------------
5.4.4
Carrier frequency and EARFCN 

The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN). The relation between EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL_low and NOffs-DL are given in table 5.4.4-1 and NDL is the downlink EARFCN.


FDL = FDL_low + 0.1(NDL – NOffs-DL)

The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the following equation where FUL_low and NOffs-UL are given in table 5.4.4-1 and NUL is the uplink EARFCN.


FUL = FUL_low + 0.1(NUL – NOffs-UL)

Table 5.4.4-1 E-UTRA channel numbers

	Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	1
	2110
	0
	0 – 599
	1920
	13000
	13000 – 13599

	2
	1930
	600
	6001199
	1850
	13600
	13600 – 14199

	3
	1805
	1200
	1200 – 1949
	1710
	14200
	14200 – 14949

	4
	2110
	1950
	1950 – 2399
	1710
	14950
	14950 – 15399

	5
	869
	2400
	2400 – 2649
	824
	15400
	15400 – 15649

	6
	875
	2650
	2650 – 2749
	830
	15650
	15650 – 15749

	7
	2620
	2750
	2750 – 3449
	2500
	15750
	15750 – 16449

	8
	925
	3450
	3450 – 3799
	880
	16450
	16450 – 16799

	9
	1844.9
	3800
	3800 – 4149
	1749.9
	16800
	16800 – 17149

	10
	2110
	4150
	4150 – 4749
	1710
	17150
	17150 – 17749

	11
	1475.9
	4750
	4750 – 4999
	1427.9
	17750
	17750 – 17999

	12
	
	
	
	
	
	

	13
	746
	5180
	5180 – 5279
	777
	18180
	18180 – 18279

	14
	758
	5280
	5280 – 5379
	788
	18280
	18280 – 18379

	…
	
	
	
	
	
	

	33
	1900
	32000
	32000 – 26199 
	1900
	32000
	32000 – 32199

	34
	2010
	32200
	32200 – 32349
	2010
	32200
	32200 – 32349 

	35
	1850
	32350
	32350 – 32949
	1850
	32350
	32350 – 32949

	36
	1930
	32950
	32950 – 33549
	1930
	32950
	32950 – 33549

	37
	1910
	33550
	33550 – 33749
	1910
	27550
	27550 – 27749

	38
	2570
	33750
	33750 – 34249
	2570
	33750
	33750 – 34249

	39
	1880
	34250
	34250-34649
	1880
	34250
	34250-34649

	40
	2300
	34650
	34650-29649
	2300
	34650
	34650-34649


--------------------------------------------------------End of Text Proposal------------------------------------------------
