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1 Introduction
A new work item for non-contiguous 4C-HSDPA operation was agreed at RAN#51 meeting [1] in the context of Rel-11, the following objectives were included: 
· Study the feasibility of supporting 4-carrier HSDPA operation for two non-adjacent blocks of carriers within a single band with the following assumptions
· At most two UE receivers are assumed
· The total bandwidth per block does not exceed 15 MHz
· The carriers within the blocks are contiguous
· The total number of aggregated carriers does not exceed 4
· Based on the outcome of the feasibility analysis, specify 
· UE core requirements for non-contiguous 4-carrier HSDPA operation
· BS core requirements reusing MSR non-contiguous core requirements for non-contiguous 4-carrier HSDPA operation
Note that it is expected that the existing signaling introduced in the context of 4C-HSDPA can be used to support the selected band combinations. 
RAN4 should initially study the feasibility of supporting operation of non-adjacent carriers with the assumptions above, and provide a recommendation on the continuation to RAN#53.
RAN 4 is requested to provide feedbacks on the feasibility of non-contiguous CA scenarios and to analyise the UE core requirements that should be defined for this new feature. 
The aim of this paper is to provide an overview of the impact of the introduction of this feature in the UE core requirements. In particular we review the RF core requirements and we provide our view on the possible way forward.

2 Discussion

In the test of the paper the naming convention introduced in [2] is applicable. This is repeated here for convenience:
· ‘C’ corresponds to a scheduled/activated carrier

· ‘x’ corresponds to a 5MHz gap 

· ‘x...x’ corresponds to a scenario with several consecutive gaps (more than two 5Mhz gap).

· A symmetric scenario is a scenario where in each block there is an even number of activated carriers (e.g.  CxC, CCxCC or CCx...xCC etc ..)

· An asymmetric scenario corresponds to a scenario where in each block there is an odd number of activated carriers (e.g. CxCC, CxCCC etc..)

· A UE is said to be a yMHz (10, 15, 20MHz) bandwidth capable when it is able to receive yMHz contiguously (2, 3 or 4 contiguously aggregated carrier).

· The total RF bandwidth of the non-contiguous scenario is the distance between the max received frequency and the min received frequency, e.g. CxxC has a total RF bandwidth equal to 20MHz, and CxxxxxC has a total RF bandwidth of 35MHz .

2.1 Configurations
Under the scope of the work item several non-contiguous carrier aggregation scenarios are possible. In contribution [2] we propose to limit the number of configurations for which requirements are specified in 25.101. Of course all the configurations supported by the signalling whould be deployable.  In particular we propose to limit the configurations to

1. CxC 

2. CCxC or CxCC 

It can be discussed further whether the feature itself should be defined for all the bands or only for the bands where HSDPA is actually deployed.
2.2 Proposal for Baseline assumptions
The description of the work item states clearly that only single band configurations should be analyzed. However it is likely that in the future dual band non contiguous carrier aggregation will be introduced even if this may introduce a 2x more complexity in the UE. So in order to be forward compatible we propose the following:

Proposal 1: Concentrate on single band but define the requirements in a way such that they can be forward compatible and they can be extended to cover dual band in the future. 

2.2.1 REFSENS

The reference sensitivity power level is the minimum mean power applied to UE antenna port at which a minimum throughput requirement shall be fulflled. So far the REFSENS is tested only with 1 uplink carrier, hence we propose to follow the same approach and to consider only single uplink. However, the uplink carrier can be anchored to one of the different downlink active carriers. Hence possible scenarios are possible as shown in Figure 1.
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Figure 1. Example of position of the uplink
In the context of 4C-HSDPA we have define the REFSENS requirements (as other requirements as well) by considering the following strategy:

· In the case of a single uplink, the Rx core requirements for single band 4C-HSDPA are specified with the farthest and closest UL carrier frequencies to the DL band. If the difference in the requirements due to the farthest and closest UL carrier frequencies is less than [1] dB, the requirements are specified only with the closest UL carrier frequency.
We propose here the use the same strategy. Hence:

Proposal 2: In the case of a single uplink, the Rx core requirements for single band non-contiguous carrier aggregation are specified with the farthest and closest UL carrier frequencies to the DL band. If the difference in the requirements due to the farthest and closest UL carrier frequencies is less than [1] dB, the requirements are specified only with the closest UL carrier frequency.
Additionally we propose to mention (as for 4C-HSDPA) that there maybe sustancial desensitization for the UE transmitting on more than one uplink frequency, at maximum power when the tx-rx distance is lower than TBDMHz, where TBD should be discussed further.

Proposal 3: Mention (as for 4C-HSDPA) that there maybe sustancial desensitization for the UE transmitting on more than one uplink frequency, at maximum power when the tx-rx distance is lower than TBDMHz, where TBD should be discussed further.

Moreover since we propose to define the requirements only for the configurations mentioned in Section 2.1, we propose to add a note which mentions that there may be desensitization also in the case of single uplink when the tx-to-rx diatnce is reduced compare the scenario defined in the specifications. 

Proposal 4: Add a note which mentions that there may be desensitization also in the case of single uplink when the tx-to-rx distance is reduced compare the scenario defined in the specifications. The limiting tx-to-rx distance which may lead to desensitization is TBD.
2.2.2 Max Input Power

In the context of 4C-HSDPA it was agreed to define a max input power as follows:

· -22dBm/band. This is valid for both single and dual band configuration 
Since the non-contiguity of the carriers does not change the rationale for the maximum input power, we propose to re-use the same requirements.

Proposal 5. Define the maximum input power as -22dBm/band as for 4C-HSDPA single band.

2.2.3 ACS
The Adjacent Channel Selectivity (ACS) is a measure of a receiver’s ability to receive a W-CDMA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. We consider here 3options which are listed in the following from the easiest to more difficult:
· Alt 1. Keep the same requirement as for legacy. Define ACS only OUT of GAP, only 1 interferer ( No relaxation required, as difficult as legacy (Figure 2). 
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Figure 2. Representation of Alternative 1 (extension of the legacy case).
· Alt 2. Define ACS IN GAP, with only 1 interferer ( Possibly high relaxation of the requirements for cases with 1 LO (no attenuation of the interferer) coupled with high image problem (Figure 3).When 2 LOs are present there may be a minor impact only. 
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Figure 3. Representation of Alternative 2 (interferer in gap).
It should be also noted that for other configurations with more than 1 gap, there may be an additional alternative
· Alt 3. Define ACS IN GAP, with 2 interferers (when more than 5MHz gap is present) ( High relaxation of the requirements for cases with 1 LO (no attenuation of the interferer) coupled with high image problem due to presence of 2 interferers (Figure  4). When 2 LOs are present there may be a minor impact only. 
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Figure 4. Representation of Alternative 3 (2 interferers in gap).
It can be noted that the presence of an interferer inside the gap represents a realistic case, e.g it represents a situation when the non-contiguous carrier aggregation is deployed by operator A while the carrier(s) in the gap are owned by operator B. Moreover, we can not assume that operators A and operator B are collocated, hence there may be a high imbalance between the power received by the UE from operator A and operator B depending on the conditions. Hence we think that, in order to make sure that the 3GPP requirements cover realistic scenarios, it is important to cover the in-gap interferer scenario under the ACS test. However, it should be understood that the same performance can not be kept especially when a single receiver is under consideration. In fact in this case 2 problems may have severe impacts in the UE: a. The fact that the high interferer is inside the gap and hence it can be be filtered out. This may have severe impacts into the dynamic range of the UE. b. There may be a severe image problem. Hence, a detailed analysis to understand what the UE can achieve (either reduce the power level of the interferer w.r.t to the legacy test or reduce the rejection level required by the UE) is needed. Alternative 3 is even more difficult and higher level of relaxations will be needed.  We think that it is not worthy to introduce this test because we think that if a scenario as such happens, the network may take actions in order to optimize the resource usage. Hence, our proposal is as follows. 

Proposal 6: Consider Alternative 2 : Define ACS IN GAP, with only 1 interferer ( Possibly high relaxation of the requirements for cases with 1 LO (no attenuation of the interferer) coupled with high image problem for certain scenario. When 2 LOs are present there may be a minor impact only (Figure 3).

2.2.4 Blocking
2.2.4.1 In-band Blocking

The blocking characteristic is a measure of the receiver’s ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels
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In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band. 
In order to be able to have an interferer located with 10MHz offset, it means that the gap should be  at least 5x2+5MHz (3 gaps=15MHz) and in order to have an interferer located at an offset of 10x2+5MHz (5 gaps =25MHz). This is because the interferer has to be located 10MHz (or 15MHz) from the wanted carriers as shown in Figure 5.  
[image: image18.png]


        [image: image19.png]



Figure 5. Position of the in-band blocking interferer.

Since in general the scenarios of interest are considering a smaller amount of gaps 1 or 2, we think that we can a possible way forward is to define the position of the interferers with an offset of 10 (or 15MHz)  below or above the left end or right end carrier. In this case we do not foresee any impcact in the requirement.
Proposal 7: Define the in-band blocking test only out of gap, i.e define the interferers with an offset of 10 (or 15MHz) below or above the left end or right end carrier. In this case we do not foresee any impcact in the requirement.
2.2.4.2 Narrowband Blocking

This requirement is measure of a receiver’s ability to receive a W-CDMA signal at its assigned channel frequency in the presence of an unwanted narrow band interferer at a frequency, which is less than the nominal channel spacing
Note that negative offset refers to the assigned channel frequency of the lowest carrier frequenc(ies) in each band, and positive offset refers to the assigned channel frequency of the highest carrier frequenc(ies) in each band. 
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A straightforward extension of the test would lead to test narrowband blocking only out of gap. However, we think that ACS and narrowband blocking are the most demanding tests. Hence we think it is possibly worthwhile to define a narrowband blocking test where the interferers are located inside the gap.
Hence our proposal is as follows:

Proposal 8:  Apply the narrowband blocking test with the interferer located inside the gap. 
2.2.4.3 Out of Band Blocking

Out-of-band blocking is defined for an unwanted interfering signal falling more than 15 MHz below or above the UE receive band. The BLER measured on each individual cell.
The test is complicated because all the frequencies from 1 to 12GHz should be tested. The interferer level varies depending on the frequency range considered. 

It should be noted that this test may be more demanding, i.e. there may be more cases of interferes or carriers which are located at duplex/full/double duplex (depending on the position of the rx and tx carriers) hence creating intermodulation products (IM3). Moreover, depending on the position of the uplink and the duplexer characteristics the interferers  which create IM3 can be more or less attenuated which may have high impact.
The proposal is as follows:
Proposal 9: define the requirement only with single uplink and follow Proposal 2.
2.2.5 Spurious Response

Spurious response is a measure of the receiver’s ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency at which a response is obtained i.e. for which the out of band blocking limit is not met.

Hence the same approach as for out of band blocking should be used:

Proposal 10: define the requirement only with single uplink and follow Proposal 2.

2.2.6 Intermodulation

Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the desired channel. Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal. This is shown in Figure 7.
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Figure 7. Intermodulation effect.
The purpose of intermodulation test is to test linearity; hence we think that an intermodulation test where the interferer is located inside the gap does not provide necessarily additional information. Moreover in order to define this test inside the gap, the gap length should be at least 15x2+5 (7 gaps = 35MHz), which is not a realistic scenario so far.

Hence our proposal is as follows: 
Proposal 11:  Define intermodulation only out of gap. After a first analysis we think that the same legacy requirement can be considered. This has to be confirmed.
2.2.6.1 Narrowband Intermodulation

The narrowband requirement is defined as follows where (depending on the bands) the narrowband blockers are located at 3.5MHz  and 5.9MHz or 3.6 and 6MHz .
	Parameter
	Unit
	Band II, IV, V, X
	Band III, VIII, XII, XIII, XIV

	DPCH_Ec
	dBm/3.84 MHz
	<REFSENS>+ 10 dB
	<REFSENS>+ 10 dB

	Îor
	dBm/3.84 MHz
	<REFÎor> + 10 dB
	<REFÎor> +10 dB

	Iouw1 (CW)
	dBm
	-44
	-43

	Iouw2 (GMSK)
	dBm
	-44
	-43

	Fuw1 (offset)
	MHz
	3.5
	-3.5
	3.6
	-3.6

	Fuw2 (offset)
	MHz
	5.9
	-5.9
	6.0
	-6.0

	UE transmitted mean power
	dBm
	20 (for Power class 3 and 3bis)

18 (for Power class 4)


In order to make sure that the interferer is located at the same distance as in the legacy test for the highest carrier of the first block and lowest carrier of the second block, the gap should be at least 10MHz.
However, following the rationale as in section 2.2.5 we propose to define narrowband intermdoulation test only out of gap.

Proposal 12: Define intermodulation only out of gap. After a first analysis we think that the same legacy requirement can be considered. This has to be confirmed.
2.2.7 Spurious Emissions

No impacts are foreseen
2.3 Power imbalance of the component carrier
As mentioned already in contribution [2] different component carriers may have different power. The situation is shown in Figure 8.

[image: image23.png]



Figure 8. Image problem created by a power imbalance between carriers.

 It should be noted that the power imbalance of the component carriers may create image effects into a wanted carrier. Some analysis may be needed in order to understand what can be the maximum power difference between the component carriers. However, note that this is not only a problem related to non-contiguous carrier aggregation but to any multiple carrier operation (treated with the same LO).
3 Conclusions

This document discusses the impacts of non-contiguous carrier aggregation in the UE. The following proposals has been made: 
Proposal 1: Concentrate on single band but define the requirements in a way such that they can be forward compatible and they can be extended to cover dual band in the future. 

Proposal 2: In the case of a single uplink, the Rx core requirements for single band non-contiguous carrier aggregation are specified with the farthest and closest UL carrier frequencies to the DL band. If the difference in the requirements due to the farthest and closest UL carrier frequencies is less than [1] dB, the requirements are specified only with the closest UL carrier frequency.
Proposal 3: Mention (as for 4C-HSDPA) that there maybe sustancial desensitization for the UE transmitting on more than one uplink frequency, at maximum power when the tx-rx distance is lower than TBDMHz, where TBD should be discussed further.
Proposal 4: Add a note which mentions that there may be desensitization also in the case of single uplink when the tx-to-rx diatnce is reduced compare the scenario defined in the specifications. The limiting tx-to-rx distance which may lead to desensitization is TBD.
Proposal 5. Define the maximum input power as -22dBm/band as for 4C-HSDPA single band.
Proposal 6: Consider Alternative 2 : Define ACS IN GAP, with only 1 interferer ( Possibly high relaxation of the requirements for cases with 1 LO (no attenuation of the interferer) coupled with high image problem for certain scenario. When 2 LOs are present there may be a minor impact only (Figure 3).
Proposal 7: Define the in-band blocking test only out of gap, i.e define the interferers with an offset of 10 (or 15MHz) below or above the left end or right end carrier. In this case we do not foresee any impcact in the requirement.
Proposal 8:  Apply the narrowband blocking test with the interferer located inside the gap. 
Proposal 9: define out-of band blocking the requirement only with single uplink and follow Proposal 2.
Proposal 10: define spurious responses only with single uplink and follow Proposal 2.
Proposal 11:  Define intermodulation only out of gap. After a first analysis we think that the same legacy requirement can be considered. This has to be confirmed.
Proposal 12: Define intermodulation only out of gap. After a first analysis we think that the same legacy requirement can be considered. This has to be confirmed.
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