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1
Introduction
At RAN4 Ad-hoc 2010-02, UE maximum output power and REFNSES for inter-band non-contiguous CA were discussed based on UE architecture with a diplexer [1-3], where some relaxations on both UE maximum output power and REFSENS by the insertion loss of the diplexer were proposed. In this contribution, we discuss these issues from some perspectives, such as cell coverage, UE architecture and so on.
2
Discussion
2.1
Cell coverage point of view
As proposed in [1-3], if once the relaxation were allowed, the related TRP and TRS would be also relaxed. It was noted that such relaxation would be allowed regardless of a single-band mode or multi-band mode operation, since the insertion loss is derived from UE architecture. It could make sense from a UE implementation point of view, because the additional insertion loss due to the diplexer might be problematic for UEs supporting inter-band non-contiguous CA.

From cell coverage point of view, however, the relaxation of TRP and TRS is also highly problematic, since it directly shrinks the cell radius and hence the cell coverage of Release 10 LTE as well as LTE-A is smaller than that of Release 8/9 LTE. 
For example, if the insertion loss is assumed to be 1.5 dB, which was proposed in [3], the shrink of the cell radius could briefly be estimated below:
· Assumptions:

· Maximum path loss: 130 dB (presented as an example)
· Insertion loss: 1.5 dB

· PL model: 128.1 + 37.6 log (R)

· Calculations:

· Cell radius for LTE Release 8/9: 1.12 km

· Cell radius for LTE Release 10 and LTE-A: 1.02 km

· Shrink of Cell radius: 9% 

The calculations indicate that the cell radius shrinks by almost 10% from Release 8/9 to Release 10. It is again noted that the cell coverage of not only LTE-A (CA mode), but also LTE (single mode) is degraded. In this case, it might happen that one customer, who buys a new Release 10 terminal, could not use it in his or her house, where he or she could have used Release 8/9 terminals.

Thus, it should be discussed further which options below should be the best way forward in Release 10, before making a conclusion on reference UE architectures:
· Option 1: Keep the current TRP and TRS of single-band mode, but allow some relaxation for multi-bands mode if necessary.

· Option 2: Allow some relaxation of the current TRP and TRP for both single-band and multi–bands modes at the expense of the system performance.

· Option 3: Keep the current TRP and TRS for both single and multi–band(s) modes for some operating band combinations, but allow some relaxation for other challenging operating band combinations.

· Option 4: Completely keep the current TRP and TRS for both single and multi–bands modes for every operating band combination.

Based on both system performance and UE complexity, we propose option 1.
Proposal 1: UE maximum output power, REFSENS and the other related specifications of LTE-A in single-band mode shall be the same as those of LTE for Release 8/9 as much as possible.
2.2
Specification point of view
Currently, most UE vendors have been proposing a UE architecture using a diplexer like DC-DB HSDPA in order to support inter-band non-contiguous CA for only DL. However, we should keep in mind that inter-band non-contiguous CA for both DL and UL would be supported as a next step in the near future. Thus, we need to take into account inter-band non-contiguous CA for both DL and UL as well as only for DL, when we discuss UE architectures. In other words, it might be avoided to revisit Release 10 specifications as much as possible in Release 11 or later. In the worst scenarios, we would allow some relaxation for Release 10 UE architecture, and then allow further relaxation for Release 11 UE architecture, in which there would be a risk that both relaxations would be applied to all terminals because they would be specified as “minimum” requirements. Thus, some further analysis on the UE architectures and their impact on the specifications of not only inter-band non-contiguous CA for only DL but also for both UL and DL should be provided by UE vendors.

Proposal 2: Some further analysis on the UE architectures and their impact on the specifications of both inter band non-contiguous CA for only DL and for UL/DL should be provided by UE vendors.

2.3
UE architecture point of view
Currently, it is felt that the UE architecture using a diplexer has been becoming the mainstream in RAN4. As proposed in [4], however, other UE architectures should be also studied, considering the introduction of inter-band non-contiguous CA for both DL and UL and other band combinations. Here, we discuss the following two architectures.
· Type 1: Diplexer method with one antenna feed point

· Type 2: Antenna isolation method with multi-antenna feed points

2.3.1
Type 1: Diplexer method with one antenna feed point
General
One of the merits of this solution would be stable isolation among each operating band due to introducing a diplexer, and therefore UEs would be able to obtain reasonable REFNSES even while receiving dual-band signals simultaneously. As one of the demerits, however, it should be noted that every signal from the operating bands which support inter-band non-contiguous CA need to pass through the diplexer and could suffer from the additional insertion loss. As proposed in [1, 2], the impact of introduction of a diplexer on specifications would be different from operating band to operating band. So far, the insertion loss of a diplexer for Band 1 and 5 was proposed respectively in the last RAN4 meeting [3]. At present, however, the specification of the diplexer itself has not been clear. Generally, the insertion loss would be affected by its relative bandwidth, frequency, necessary attenuation in some frequency ranges and its size, and so on. Although high-high and low-low operating band combinations would be challenging as mentioned in [1], its level of difficulty would still depend on the operating band combinations. For example, the difficulties of the combination of Band 2 and 4 would not be the same of that of Band 1 and 21, although both combinations would be regarded as the high-high operating band combination. Furthermore, we should consider the total insertion loss of both SW and diplexer, since introducing a diplexer could divide the current SW into two parts and it could mitigate the insertion loss SW of each SW and diplexer combination. 
Proposal 3: The specifications of the diplexer should be provided and its insertion loss should be discussed based on them.
Proposal 4: The impact of introducing a diplexer on the insertion loss should be considered per operating band combination instead of simply classifying it into high-high, low-low and high-low. 
UE maximum output power
From a technical point of view, the proposal [2] would be true, but we would still need to study the impact of increasing the output power at PA on other specifications for each operating band. We need to make conclusions whether we keep the current specifications other than the maximum output power, relax the maximum output power or apply one of these solutions to every or some operating bands after more detailed studies on the impacts of increasing the PA output power.

REFSENS
In [2, 3], some relaxation on REFSESN was proposed for some operating bands or every operating band by the insertion loss of a diplexer. Fortunately, however, the relaxation would be less than the insertion loss of a diplexer, since Rx sub receiver does not have a diplexer, even if the relaxation would be applied to some operating bands. 
2.3.2
Type 2: Antenna isolation method with two antenna feed points
General
As proposed in [4], one of remarkable merits of this solution is that UE supporting inter-band non-contiguous CA can obtain completely the same maximum output power and REFSENS in single-band mode. It means that LTE-A terminals could achieve the same coverage as that of Release 8/9 terminals, when it falls back to single-band mode. On the other hand, it would be allowed for the UE to apply some relaxation while receiving multi-bands signals, because this solution can not obtain stable isolation among each operating band compared to the diplexer method while receiving multi-bands signals. Other demerits of this solution would be difficulty to define the exact values of the relaxation. For example, antenna isolation from operating band to operating band would be easily affected from form factors and its operating band combinations, and therefore it would be challenging to obtain or guarantee its stable values. 
UE maximum output power
As mentioned in the above, regardless of single or multi-band(s) mode, there are no problems for the maximum output power due to the insertion loss of a diplexer.
REFSENS
For single-band mode, there are also no problems for REFSNES. For multi-bands mode, however, this solution would be forced to allow some relaxation for REFSENS, since the operating band not transmitting signal will suffer from the interference from the other operating band due to less or unstable antenna isolation. Furthermore, the degree of the degradation would highly depend on the operating band combinations. This implies that this solution still has a remarkable merit if we select the operating band combination appropriately and accept the degradation of REFSENS up to around out-of-band blocking level while receiving multi-band signals. Note that the modulated blocker signal level would be of up to around -17 dBm ( 23 dBm -10 dB -30 dB) at pre LNA and the current blocking of LTE is specified using CW, thus, the impact of the interference from the other operating band needs further study. At least, the UE would need to decrease the output power up to 8 dB, then, the input power into LNA reaches maximum input power of -25 dBm. However, the solution of Type 2 is still attractive in terms of being able to keep the TRS of Release 8/9 under single mode transmission and reception.
2.3.3
Others
TRP and TRS
From cell coverage point of view, TRP/TRS is one of the most important specifications. Currently, UEs tend to support various operating bands from low frequency to high frequency. Thus, we need to promote the specification works taking into account for the final TRP/TRS for single-band mode and multi-bands mode, respectively. In particular, there might be a risk that additional relaxation would be needed in TRP/TRS if we select the Type 1 UE architecture, because there are some difficulties to support various operating bands by single antenna feed point. In other words, if we try to achieve some flexibility of antenna design to support multi-bands in Type 1 UE architecture, additional relaxation would be inevitable, which should be unacceptable from an operator point of view.
Inter-band non-contiguous CA for both UL and DL
In this case, we need to pay close attention to the impact of the inter-modulation on the other specifications. Assuming the band combination band 1 + 5 using Type 1, there might be a risk that the inter-modulation from “2 * Band 1 TX – 2 * Band 5 TX” falling into Band 1 RX occurs. Once it occurs at antenna SW, the interference can not be eliminated. In such cases, what we can do is to allow some relaxation on some specifications or thoroughly avoid mixing two different frequency signals as much as possible. In this sense, it is felt that Type 2 solution would make more sense than Type 1 solution.
On the other hand, Type 2 also has some demerits due to less antenna isolation. For this reason, Type 2 UEs could suffer from the blocking issues due to the signals from each other operating band while dual-bands transmitting and receiving. To mitigate this issue, the transceiver design may be forced to back to the legacy design, or RFICs may be forced to always calibrate the additional interference from the other operating band TX signal. The latter approach is utilized in the current LTE transceiver in order to mitigate degradation of REFSENS due to IM2 issues. It is noted that the additional interference level due to CA would not be so strong as the self-interference in LTE. One more issue, which should be addressed in the latter approach, is that RFICs need to deal with two different frequencies at the same time. In addition, the degradation of transmitter signal quality would be inevitable due to the interference into each PA. Thus, the cell coverage to utilize LTE-A function would be limited to some small area. In any case, however, the solution of Type 2 is still attractive, since the current TRP and TRS of Release 8/9 LTE can be kept under single mode transmission and reception.
3
Conclusions
In this contribution, we propose basic ideas on the maximum output power and REFSENS. Before studying the details, we need to discuss what kinds of specifications should be kept and what kinds of pros and cons would be observed for both Type 1 and Type 2 UE architectures.
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