3GPP TSG-RAN WG4 #51
R4-091742
4-8 May 2009

San Francisco, USA
Agenda item:
7.12
Source: 
Nokia
Title: 
deltaTC and deltaRC definition
Document for:
Discussion and approval
1. Introduction 

Concept of deltaTC was introduced in [1]. Its purpose is to relax the power control accuracy at band edges for difficult bands. Main reason for the need of deltaTC is the narrow bandwidth of LTE signal combined with steeply descending filter frequency response at band edges. This document gives reasoning why deltaTC should be specified to a certain bands and what the deltaTC value should be.
There have been proposals in RAN4 to relax band edge sensitivity for example in [2]. Our view is that the fundamental reason behind the sensitivity relaxation is the same as for deltaTC and thus should be harmonized meaning that the relaxation is applied only to bands where it is arguable to do so.
2. Discussion
2.1. Background

There is one fundamental difference in LTE power control if we compare it to WCDMA power control and that is the signal bandwidth. As indicated in Figure 1 the smallest LTE BW is one resource block i.e. 180 kHz whereas in WCDMA the BW is approximately 3.84 MHz giving a ratio of 1 to 21. This means that there is virtually no averaging for LTE against variations in frequency response and this makes the LTE power control more challenging compared to WCDMA.
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Figure 1 LTE BW compared to WCDMA
Main contributors to frequency response variations are the several filters needed in transceiver see Figure 2. Typically 3-4 filters are used in direct conversion type of transmitters which is de-facto standard in hand held devices. These filters are the digital and analogue baseband -filters, inter stage -filter and duplex -filter.

Baseband –filters are needed for selecting the wanted I and Q –signals and rejecting the unwanted alias signals generated either in digital domain or in sampling process. Characteristics of these filters depend only on signal bandwidth and are not affected by the RF parameters. Stop band attenuation and transition band requirements for the baseband filters are demanding and it is typical that also the wanted signal is slightly attenuated on channel edges. 
In addition to baseband –filters on RF domain more filtering is required. First there is a inter stage -filter which is between mixer and PA and is mainly used to reduce the noise power from own Rx-band. There are also other means to reduce noise hence inter-stage is not used in all designs. After power amplifier a duplex filter is used to attenuate own TX signal and spurious emission from own RX- band and other bands.
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Figure 2 Direct conversion Tx  architecture
.
Baseband filters are fixed for a given bandwidth and effect same way to frequency response whether transmission is on band edge or in the middle of the band. These filters typically attenuate signal slightly on channel edges but otherwise the response is flat. Inter stage and duplex filters normally have some ripple on the response over the whole band but the attenuation is strongest on band edges especially for certain bands. 
To summarize, attenuation of a filter is biggest either in channel edge as with BB-filters or at the band edge as with inter stage or duplex filter but when narrow transmission BW is confined in band edge all these attenuations combine. This is the fundamental reason behind deltaTC see Figure 3.
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Figure 3 deltaTC

2.2. Which bands should have the deltaTC
BB-filtering effect is always constant and do not change between bands but inter stage and duplex filter characteristics are different for each band. Major factors affecting duplex and inter stage filter design are the bandwidth and the duplex gap. There are certain performance limits that current technology sets to these parameters. For example band 3 has a BW of 75 MHz which is approximately the upper limit that SAW-technology which is widely used in duplex filters can currently deliver. Another important parameter is the duplex gap where the challenges come when that gap between uplink and downlink is small. If we consider current bands the most challenging ones are 2, 3 and 8 which are already at the limit of the SAW –technology capabilities. 
When we compare the bands it is important to notice that both the bandwidth and the duplex gap must normalized against their centre frequency before the comparison. Relative duplex gap for example is calculated by dividing the gap width with the centre frequency value of the gap and converting the figure into percentage value. After this operation we can see that for a 1 GHz band a 10 MHz frequency gap is as demanding as 20 MHz gap is for band which is at 2 GHz. 
Based on the feedback from duplex –filter vendors the relative duplex gap should be used as a figure of merit when we define the deltaTC. All the bands that have the relative duplex gap < 1.75% should have deltaTC relaxation. All the current E-UTRA bands are listed in table below and relative duplex gap is calculated. From this table we can see that bands 2, 3, 8, 11 and 12 satisfy the < 1.75% rule and should have deltaTC relaxation.
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1.57
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1.66
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3.55
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3.49
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Table 1E-UTRA Bands
2.3. How big should the deltaTC be

Current WCDMA duplex filters can take advantage of the wide bandwidth of WCDMA signal such way that the response starts to decline before band edge but because parameters are averaged over the whole signal bandwidth those are still in acceptable limits. This has enabled the design of the duplex filters also to the difficult bands however this approach does not work with LTE because there is virtually no averaging. 
Second issue affecting to filter response at band edges is manufacturing tolerance. Manufacturing tolerance means that because of process variations the filter pass band frequency will vary slightly. For SAW technology this variation can be estimated to be ±1000ppm * fSAW. Variation is for 1 GHz bands 1 MHz and for 2 GHz bands 2 MHz. Bands where relative duplex gap is large filters are designed to be slightly wider than the actual band is so that these tolerances do not affect to response. However this approach is not possible for the challenging bands.

Thirdly a temperature drift affects to filter response at band edges. Filter which is based on  SAW technology drifts -35ppm/k * fSAW * T which gives for 2 GHz bands, if we consider 50 degree temperature variation, a 3.5 MHz shift in filter response. This can be taken into account in design of the “easy” bands but can’t be taken into account on the design of the challenging bands because there is no extra room to accommodate the shift. It should be noted that a filter temperature can be high even when terminal is used in normal room temperature. This is caused by the fact that duplex- and inters stage –filters are physically located next to PA. PA power dissipation increases dramatically when the highest output powers are transmitted. Especially this is true in cases when the output needs to be further boosted because of additional filter attenuation. 
Fourth issue making filtering more difficult for LTE when compared to WCDMA is the fact that the LTE TX signal can be located much closer to band edge than WCDMA. As presented in [3] and recaptured in table below WCDMA signal distance is 480 kHz from band edge and for LTE it depends on bandwidth but it can be as low as 150 kHz. This means that LTE signal is further pushed into the descending filter slope region.
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Table 2 Channel location
Based on the facts discussed above filter vendors recommend that deltaTC should be 3 MHz for the bands that are located at 1 GHz range and 5 MHz for the bands that are located at the 2 GHz range. These recommendations for the deltaTC table are presented in table below.
Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1

(dBm)
	Tolerance

(dB)
	Class 2

(dBm)
	Tolerance

(dB)
	Class 3

(dBm)
	Tolerance

(dB)
	Corner 

frequency ΔTC

(MHz)
	Class 4

(dBm)
	Tolerance

(dB)

	1
	
	
	
	
	23
	(2
	
	
	

	2
	
	
	
	
	23
	(2
	5
	
	

	3
	
	
	
	
	23
	(2
	5
	
	

	4
	
	
	
	
	23
	(2
	
	
	

	5
	
	
	
	
	23
	(2
	
	
	

	6
	
	
	
	
	23
	(2
	
	
	

	7
	
	
	
	
	23
	(2
	5
	
	

	8
	
	
	
	
	23
	(2
	3
	
	

	9
	
	
	
	
	23
	(2
	
	
	

	10
	
	
	
	
	23
	(2
	
	
	

	11
	
	
	
	
	23
	(2
	3
	
	

	12
	
	
	
	
	23
	(2
	3
	
	

	13
	
	
	
	
	23
	(2
	
	
	

	14
	
	
	
	
	23
	(2
	
	
	

	...
	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	(2
	
	
	

	...
	
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	(2
	
	
	

	34
	
	
	
	
	23
	(2
	
	
	

	35
	
	
	
	
	23
	(2
	
	
	

	36
	
	
	
	
	23
	(2
	
	
	

	37
	
	
	
	
	23
	(2
	
	
	

	38
	
	
	
	
	23
	(2
	
	
	

	39
	
	
	
	
	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

2.
When a transmission configuration is confined within FUL_low and FUL_low + ΔTC or FUL_high – ΔTC and FUL_high, the maximum power accuracy is relaxed by reducing the lower limit by [1.5] dB.




Table 3 deltaTC values

2.4. Co-Existence issues

Band 7 has been also specified to have deltaTC of 5 MHz even though the relative duplex gap value is larger than 1.75%. The reason for this is that band 7 uplink which is located at 2500 – 2570 MHz which is very close to ISM-band 2402 – 2480 MHz used for WLAN and Bluetooth applications. This band needs to be protected from the uplink signal and to be able to achieve reasonable attenuation the transition band is very narrow and this effects to pass band response.

Co-existence issues should be studied more to be sure that there are no other cases like B7 and ISM which need deltaTC relaxation.
2.5. deltaRC

There has been contributions [2] proposing sensitivity relaxation in band edges. However we feel that it is not feasible to have the same relaxation area for all bands. Instead a similar approach for sensitivity reduction should be taken as we have taken for Tx power requirement. Hence we propose that we define a parameter called ΔRC. Exactly same principles should apply to the deltaRC than we have for deltaTC i.e. if reception bandwidth is fully confined with in relaxation area the sensitivity requirement is relaxed by 1.5 dB.

Based on the feedback received from filter vendors we should apply same principles for deriving the deltaRC as we have used for deltaTC meaning deltaTC=deltaRC. There is one exception however if deltaTC value is based on co-existence issues like band7 and ISM-band there is no automatic reason to apply same relaxation to deltaRC.
In table below is a proposal how to add deltaRC requirement to specification.

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	ΔRC
	Duplex Mode

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	
	FDD

	2
	-104.2
	-100.2
	-98 
	-95
	-93.2
	-92
	5
	FDD

	3
	-103.2
	-99.2
	-97 
	-94
	-92.2
	-91
	5
	FDD

	4
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	
	FDD

	5
	-104.2
	-100.2
	-98
	-95
	
	
	
	FDD

	6
	-
	-
	-100
	-97
	
	
	
	FDD

	7
	-
	-
	-98
	-95
	-93.2
	-92
	
	FDD

	8
	-103.2
	-99.2
	-97
	-94
	
	
	3
	FDD

	9
	-
	-
	-99
	-96
	-94.2
	-93
	
	FDD

	10
	-
	-
	-100
	-97
	-95.2
	-94
	
	FDD

	11
	-
	-
	-98
	-95
	-93.2
	-92
	3
	FDD

	12
	-103.2
	-99.2
	-97
	-94
	
	
	3
	FDD

	13
	-103.2
	-99.2
	-97
	-94
	
	
	
	FDD

	14
	
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	

	17
	[-103.2]
	-[99.2]
	[-97]
	[-94]
	
	
	
	FDD

	…
	
	
	
	
	
	
	
	

	33
	-
	-
	-100
	-97
	-95.2
	-94
	
	TDD

	34
	-
	-
	-100
	-97
	-95.2
	-94
	
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	
	TDD

	37
	-
	-
	-100
	-97
	-95.2
	-94
	
	TDD

	38
	-
	-
	-100
	-97
	
	
	
	TDD

	39
	-
	-
	-100
	-97
	-95.2
	-94
	
	TDD

	40
	-
	-
	-100
	-97
	-95.2
	-94
	
	TDD

	Note 1:
The transmitter shall be set to maximum output power level (Table 7.3.1-2)
Note 2:
Reference measurement channel is A.3.2
Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level of Band 3 + 0.5 dB is applicable for band 9

Note 5:      When a repection bandwith is confined within FUL_low and FUL_low + ΔRC or FUL_high – ΔRC and FUL_high, the sensitivity requirement is relaxed by [1.5] dB.


	


Table 4 deltaRC
3. Conclusions
This contribution explains the reasons behind deltaTC power control relaxation area and proposed what bands should be applicable to it. This contribution also proposes that a deltaRC parameter should be specified to define a sensitivity relaxation area at the band edges similar manner as deltaTC. This contribution proposed values for deltaTC and deltaRC.
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