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1 Introduction
In this contribution we propose to simplify the specification of the operating-band edge relaxations:

· for TX, TC is proposed to be constant for all bands to simplify testing, and only allowed for extreme test conditions (ETC)
· for RX, RC = 0 Hz for all bands, this relaxation is not needed.
For coexistence scenarios like the additional spurious emission does not motivate any introduction of different TC, these should be handled by using A-MPR that is also applicable at the band edge. In some difficult co-existence scenarios on the receive side, e.g. required filtering for Band 40 against an aggressor in the ISM band 2400-2483 MHz, exceptions could be introduced if needed,. The key is to keep the specification simple and use the tools already available. A CR is supplied in [1].
Bands with low relative duplex gap (example with uplink lowest)
2*(FDL_low - FUL_high) / (FDL_low + FUL_high),

or large relative bandwidth (to get sufficient passband for TX) 

2*(FUL_high - FUL_low) / (FUL_low + FUL_low),
are challenging, e.g. Band 2, Band 8 and the proposed new extended Band 11. Some bands like Band 3 may even require split-duplexer arrangements if implemented with current SAW technology. 
Looking at temperature variations, we propose to use the output power tolerance ±2 dB for all bands at NTC (normal test conditions at temperature range 15-35 ºC), and allow a relaxation of the lower limit of 1.5 dB irrespective of band in a 3 MHz region at the edge for ETC (-10-55 ºC). This choice of 3 MHz in motivated for the most challenging bands, for less challenging bands it is likely that the ±2 dB required for normal condition can be maintained over the larger temperature range (duplexer manufacturers specify performance over a temperature range larger than -10-55 ºC).
In what follows we give a few examples of commercially available SAW duplexers and give an example of co-existence.

2 The corner frequency -- transmitter
The temperature coefficient of duplexers is the major reason for need of a relaxation at the band edge. Batch variation is another factor. For normal conditions it is should be possible to meet a (2 dB tolerance for all RB allocations across the operating band. A relaxation should then be applied at extreme conditions. Note 2 of Table 6.2.2-1 in [2] would then look like in Table 1 below:
Table 1: UE Power Class (Table 6.2.2-1 in [2]) 
	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	±2
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	23
	±2
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	23
	±2
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	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	…
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
Note 2:      For extreme conditions, the maximum output power requirement is relaxed by reducing the lower tolerance limit by [1.5] dB for transmission configurations (Figure 5.6-1) confined within FUL_low and FUL_low + [3 MHz] or FUL_high – [3 MHz] and FUL_high. 



Measurements in ETC will reveal an increased ripple at the band edge, the duplexer characteristics for SAW filters is shifted downwards in frequency as the temperature increases; the temperature coefficient is around -20 ppm/K. This means that the absolute frequency change of the temperature drift of SAW filters is in the neighbourhood of ±2 MHz up to 3 GHz for the ETC range. We therefore propose to use exception regions in zones tentatively 3 MHz away from the band edges for ETC. For TDD there is no duplexer and hence there is no need for a relaxation at extreme conditions, but there could be coexistence scenarios that motivate a relaxation (Band 40 may still need additional measures to coexist with the ISM band) or A-MPR be applied.
Figure 1 shows an example of a commercially available filter for Band 8, the max insertion loss is 3.1 dB (-15 – +80 ºC) and 2.2 dB at ambient temperature. The filter curve is averaged using a WCDMA RRC filter. Figure 2 shows a measured filter response at ambient temperature but with a CW.
[image: image1.emf]
Figure 1: TX duplex filter of Band 8 at normal conditions [3].
[image: image2.emf]
Figure 2: TX duplex filter of Band 8 at normal conditions.

Figure 3 shows an example of a band with both a high relative bandwidth and a low relative duplex gap, a Band 2 SAW duplexer for CDMA2000 (1.25 MHz bandwidth corresponding to LTE 1.4 MHz), maximum insertion loss is 3.5 dB and with 2.8 dB typically.
[image: image3.emf]
Figure 3: Band 2 TX duplexer for 1.25 MHz bandwidth system [4].
The filter ripple for examples indicate that is should be possible to keep a ±2 dB tolerance at NTC also down to 180 kHz of averaging.

3
The corner frequency – receiver
For the REFSENS requirement in [2] the downlink allocation is always the maximum, hence the smallest resolution is 1.4 MHz (1.08 MHz occupied). This means that the effective duplexer variation for EUTRA (accounting for averaging) is less sensitive to temperature drift of the duplexer than the TX counterpart. Moreover, the duplexer design account for a temperature drift larger than ETC.  
Figure 4 shows the filter characteristics for a Band 2 RX duplexer with a 1.25 MHz bandwidth. The maximum insertion loss is 4.2 dB (-30 – 85 ºC) with a typical 3.2 dB. A relaxation at the band edges is not needed.
[image: image4.emf]
Figure 4: Band 2 TX duplexer, the lower curve with the higher resolution on the ordinate [4].
An example of a Band 8 RX duplexer is shown in Figure 5 (WCDMA with a 3.84 MHz RRC), the maximum insertion loss is 3.5 dB over -15 – 80 ºC (compare to ETC at -10 – 55 ºC) with a 2.2 dB typical value at ambient temperature. This would be applicable for 5 MHz bandwidths, but still would not justify a relaxation for 1.4 MHz.
[image: image5.emf]
Figure 5: Band 8 for WCDMA [3].
4
Coexistence
For coexistence scenarios involving the TX, A-MPR should be used and do not justify introducing a specific relaxation at the band edge (the lower tolerance limit at maximum would then be reduced by the appropriate tolerance for the configured transmit power for the nominal power level corresponding to the power back-off ).
For coexistence scenarios requiring sharp duplexer roll-off at the edge one could justify a RC > 0 dB in some cases. However, difficult scenarios such as the Case 3 in-band blocking for Band 17 (Block E interferer adjacent to Band 12) use the increased rejection supplied by a Band 17 duplexer compared to the band 12 duplexer. Figure 6 shows a comparison between these duplexers (at normal conditions).
[image: image6.emf]
[image: image7.emf]
Figure 6: Comparison between a Band 17 (top) and Band 12 (below).
The Band 17 duplexer filter will provide a substantial rejection of the Block E (half-duplex) blocker at least for normal temperature ranges. Looking at the filter response for Band 17 there is still room for some duplexer temperature drift with regard to the REFSENS requirement (about 3 MHz difference between the point of filter roll-off start and the receive passband). Hence, this case does not motivate a relaxation for REFSENS at the band edge. 
5
Proposal

We propose to simplify the specification of the operating-band edge relaxations:

· for TX, TC is proposed to be constant 3 MHz for all bands to simplify testing, and only allowed at ETC

· for RX, RC = 0 Hz for all bands, this relaxation is not needed.
For coexistence scenarios like the additional spurious emission does not motivate any introduction of different TC, these should be handled by using A-MPR that is also applicable at the band edge. In some difficult co-existence scenarios on the receive side, e.g. Band 7 uplink or 40 against ISM band 2400-2483 MHz some exceptions could be introduced later if needed. 
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