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1 Introduction
In the RAN4#64bis meeting, it was discussed how to handle “Note 1” in the Section 6.2.2 in TS 36.101 [1]. This contribution investigates some potential issues in relation to “NOTE 1” and presents some proposals on these issues.
2 Brief overview
The “NOTE 1” in the tables in the Section 6.2.2 in TS 36.101 is described as follows:
“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”

We consider that the following items need to be clarifid to solve the issues of “NOTE 1”.
1. Whether the threshold of “4” is appropriate or not in the first sentence.
2. How to count the number of operating bands in the first sentence.
3. Applicability of the relaxation (ΔTMB)
· Applicable position: over the entire band or only at the band edges
· Applicable frequency bands: only lower band, both lower and higher bands or some particluar bands
4. The amout of ΔTMB
5. How to handleΔTMB and ΔTIB,c
· The details of the issue will be discussed in the RAN4#66.
· One thing can be assumed here is that these two parameters would be able to be handled almost exclusively since when teriminals support some CA combinations, if we follow vendors’ recommended RF design with one low/high diplexer connected to the common antenna, then, the required switches for low and high frequency range of the diplexer will be small, respectively.
We believe that for “NOTE 1” every single item above should be resolved. In the following section, we discuss these items one by one.
2.1 Appropriate threshold
The relaxation concept in “NOTE 1” was introduced into TS36.101 at RAN4#46 (2008.2). On the other hand, currently, we already can see commercially available SP12T switches [2, 3]. The data sheet [3] demonstrates when terminals would support 4 GSM bands and a common switch would be available, the number of supported LTE bands would be up to 6 by using the switch.In addition, we aim to focusing on supporting 12 operating bands for LTE, it is feasible. Thus, we propose to adopt “9” for the number of E-UTRA operating bands in “NOTE 1” considering the median value between 6 and 12. Note that when terminals support 9 operating bands for LTE, they might not have to support every single GSM bands. Then, the switch size will remain the same, even when the supported operating band numbers increase. 
· Proposal 1: “4 E-UTRA” of the “NOTE 1” should be replaced with “9 E-UTRA”.
2.2 How to count the number of supported operating bands
As we pointed out in the RAN4#64bis, some of the operating bands in the 3GPP specifications can share the same devices in their implementation, even when they are having different operating band numbers, such as Band V/5, VI, 18, XIX/19, XXVI/26. One of these examples is illustrated in Figure 2.2-1. In this case, the same duplexer, the same PA and a common switch port are available and such a case should be counted as one single operating band in “NOTE 1”.

Table 2.2-1: Example of counting multiple bands as one single band
It should be noted that in some cases, a TDD band may completely overlap a FDD band(s), e.g., Band 41 covers entire frequency ranges of Band 7. In such a case, these bands should be counted as different operating bands for “NOTE 1”. To facilite understanding of these aspcts, some examples are provided in the Table 2.2-1 where each example should be counted as one single operating band for “NOTE 1”.
	Example
	LTE
	UMTS

	1
	5, 18, 19, 26
	V, VI, XIX, XXVI

	2
	38, 41
	 

	3
	3, 4, 9, 
	III, IV, IX



· Proposal 2: If Tx pass-band of one of the oprating bands suppoted in a UE covers entire frequency ranges of other operating bands, these operating bands should be counted as one single band for “NOTE 1”.
2.3 Applicability
2.3.1 Applicable position
Before getting into the details, it would be beneficial to revisit what we have introduced intoMOP so far. It seems that there are two important requirements as follows.
1. Relaxation on MOP lower tolerance for difficult bands such as Band 22, 28, 41, 42 43 and 44
2. ΔTC,
As a first step, we need to clarify whether there is any undue overlapping relaxation for the issues in “NOTE 1”.
With respect to the 1st point above, it seems to be difficult to clarify whether the specification of terminal was developed with consideration of multibands aspects or not. It, however, can be conluded that those bands which require careful design have already obtained “at least” even margin campared to those without any relaxation.
Observation 1: Difficult bands in implementation have already had “at least” even margin compared to those without any relaxation.
As for ΔTC, we believe that this is a clue to facilitate the discussion. The reason is that we also believe that this ΔTC is overly relaxing MOP requirements as elaborated in the following. Note that this ΔTC was introduced based on [4]. One attentive point would be the relaxation value of 1.5 dB since there seems to be no justification of this value in [4]. This value, however, should be mainly related to the amplitude of the ripple of the duplexer “over the channel bandwidth” since PA out can be adjusted according to the location of the channel bandwidth.
Whenever we take a look at duplexer data sheet, however, we can see at most around 2 dB ripple deviation “over the whole pass-band” to be the worst. Thus, it is concluded that the ripple deviation over the channel bandwidth would be smller than around 2 dB in most cases. The below table shows one of the examples.
Table 2.1-1: Example of the duplexer ripple deviation [3]

The point would be “Ripple Deviation any 3.84 MHz”. This applicable to one of the channel bandwidths mentioned earlier. 
One may think that when the channel bandwidth becomes larger, the deviation should be incresed. The reality, however, does not always reflect this expectation since large channel bandwidth has larger guard band at the band edges. Accordingly, the maximum IL of a duplexer as well as that of the minimum IL becomes smaller. Thus, the difference of the maximum – the minumu does not always become the largest compaered to the smaller channel bandwidth cases.
The conclusion here is that we do not have to have ΔTC of 1.5 dB. Even worse, 1.0 dB would be sufficient. Note that for some quite difficult bands, this might not be the case.
Observation 2: ΔTC has already provided significant freedom of choices of RF design.
More specifically, thanks to this ΔTC, Pout can be lower at the band edges where basically Pout should be higher than the middle position of the duplexer to compensate for the lost power. On the other hand, there is no need to lower the Pout over the middle range of pass-band thanks to the original smaller insertion loss.
From the above, even terminals experience additional isertion loss due to supporting multi-bands, it seems that we could compensate for this additional insertion loss at least over the middle range. Thus, we propose that ΔTMB due to this multi-bands support shall be applicable to the band edges where ΔTC is specified.
· Proposal 3: ΔTMB shall be applicable to the band edges where ΔTC is specified.
· Note that if the ΔTMB would be quite large, some additional consideration would be required.
2.3.2 Applicable frequency range
Typical antenna switch loss vs. switch size for IMT band (uplink Tx) was presented in [1]. We, however, recognize that in the oprating band with lower frequency, the insertion loss also becomes smaller than that of higher bands. This aspect was also presented in [5]. Thus, we believe that at least the degree of the relaxation should be diffrenet between lower and higher bands. Note that there was an opinion that in some cases, even lower bands have some difficulty in the discussion. We believe that this aspect has been already reflected into the MOP specification as relaxation of lower tolerance and ΔTC.
· Proposal 4: The relaxation shall be different between lower frequency bands and higher ones.
· Handling of Band 11 and 21 is FFS.
2.3.3 Required relaxation
First, it would take time to conlude the required relaxation value since we need to verify the proposed data in [1]. A Specific value of the requied relaxation will be presented in the RAN4#66. Here we assume the amount of relaxation to be ΔTMB. As proposed in Proposal 2, this is only applicable to ΔTC region. If theΔTMB is so large, the current margin might not be sufficient anymore and this aspect will be taken into account. In addition, based on Observation 2, we propose how to apply this ΔTMB to each band in a different way between the operating bands with ΔTC and thoese without ΔTC as follows.
· Proposal 5
· Operating bands without ΔTC
· If ΔTMB <= [0.5] dB, then, ΔTMB is applicable to only ΔTC region
· If ΔTMB > [0.5] dB, then, 
· ΔTMB is applicable to ΔTC regions
· “ΔTMB – 0.5” dB is applicable to “pass-band except for ΔTC regions”
· Operating bands with ΔTC
· If ΔTMB <= [0.5] dB, then, no relaxation is applicable. 
· If ΔTMB > [0.5] dB, then, “ΔTMB – 0.5” dB is applicable to “over the whole pass-band”.
3 Conclusion
We propose the followings.
· Proposal 1: “4 E-UTRA” of the “NOTE 1” should be replaced with “9 E-UTRA”.
· Proposal 2: If Tx pass-band of one of the oprating bands suppoted in a UE covers entire frequency ranges of other operating bands, these operating bands should be counted as one single band for “NOTE 1.
· Proposal 3: ΔTMB shall be applicable to the band edges where ΔTC is specified.
· Note that if the ΔTMB would be quite large, some additional consideration would be required.
· Proposal 4: The relaxation shall be different between lower frequency bands and higher ones.
· Handling of Band 11 and 21 is FFS.
· Proposal 5
· Operating bands without ΔTC
· If ΔTMB <= [0.5] dB, then, ΔTMB is applicable to only ΔTC region
· If ΔTMB > [0.5] dB, then, 
· ΔTMB is applicable to ΔTC regions
· “ΔTMB – 0.5” dB is applicable to “pass-band except for ΔTC regions”
· Operating bands with ΔTC
· If ΔTMB <= [0.5] dB, then, no relaxation is applicable. 
· If ΔTMB > [0.5] dB, then, “ΔTMB – 0.5” dB is applicable to “over the whole pass-band”.
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