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1
Introduction
In meeting R4-59bis and 60 the discussion on non contiguous carrier aggregation in the context of HSDPA was started. In particular some contributions [1-4] were presented with an initial proposal on how to approach the complexity problem related to standardization of non contiguous multi carrier operation. An LS was sent to TSG RAN with the information about the scenarios operators are interested in. This is reported in the following:
	Scenario
	Band
	Gap length
	Number of Component Carriers
	Configuration

	A
	I
	5
	2
	C-5-C

	B
	I
	5
	3
	C-5-CC

	C
	I
	10
	4
	C-10-CCC

	D
	IV
	5
	2
	C-5-C

	E
	IV
	10
	3
	C-10-CC

	F
	IV
	15
	4
	CC-15-CC

	G
	IV
	20
	3
	CC-20-C

	H
	IV
	25
	4
	CC-25-CC


The table shows that there are only 2 bands where (so far) non contiguous CA for HSDPA is planned to be deployed, namely band I and band IV. In both bands there are configuration which can be supported with a single receiver (<20MHz, considering the assumption that more than 20MHz will be supported with 2 receivers), and configurations which can be supported with dual receivers.

In this contribution we discuss further how to define the core requirements by taking into account the complexity issue.

2
Discussion

In general it is recognized that the presence of a jammer in the gap(s) can dramatically decrease the performance of non contiguous carrier aggregation. The jammer is in general a signal coming from an other non-colocated/non-coordinated operator. Hence the power difference can not be reasonably upper bounded. In particular a UE which supports the configurations which span less (or equal than) 20MHz are mostly affected by this problem.

2.1
General 

In previous meetings two approaches were discussed: 

a) definition of  the requirements in a scenario-based approach [6]

b) definition of the requirements by considering a generic approach [4]

The approach a) is the standard approach which is already considered for the definition of the core requirements for 4C-HSDPA. However it should be noted that under non contiguous carrier aggregation already 8 scenarios are defined and more could come in the future. Hence it would be preferable to define the requirements in a future-proof way, i.e. they could be applicable for other future additional scenarios. In the following we analyze requirement by requirement and we provide some guidelines.

Previously we proposed to define the requirements based on 2 configurations (CxC and CxCC). However in order to address some concerns from other companies, we propose here to define the requirement based on 2 scenarios:


1 scenario which can be supported with a single receiver


1 scenario which can be supported with 2 receivers.

In particular our preference would be to choose the worst case scenario among these two families for each requirement and to define the requirements based on this. All the other configurations should fulfill the same requirements.

The discussion in the following is done considering only the bands where non contiguous carrier aggregation is meant to be deployed initially, Band I and IV.
In document [6] we provide an initial proposal on RRM based techniques which can be used by the UE in order to provide information about whether a possible interferer in the gap has a significant impact or not. It should be noted that RRM based methods does not have to penalize high end UEs which could support all the configurations, e.g. with 2 receivers. If RRM-based methods are defined, it can be possible to test the RX core requirement with a limited/relaxed value of the interferer in the gap compared to the legacy case, which would mean that the RF core requirements are guaranteed only for an interferer whose power is limited compared to the one defined in the legacy single carrier UE. This would be particularly useful for the scenarios which can be supported with a single receiver.

Hence we propose to allow for interferer max power level relaxations compared to legacy case for the scenario which can be supported with a single receiver.

Moreover, when analyzing the requirements in 36.101 in the context of LTE we can notice that several RF core requirements are relaxed when passing from 5MHz to 20MHz. This is in general due to the fact that the analog filters used for 20MHz are less selective in the adjacent frequencies compared to the filters used for 5MHz. 
Hence, we propose that the same kind of relaxations could be considered in the context of non contiguous carrier aggregation for HSDPA (reuse of the filters should be possible). This is valid for both the scenarios (with single receiver or with dual receivers).

Note that in the following we discuss the implication of the RF core requirements when interferers are located in the gap. The same legacy requirements should be defined for non contiguous carrier aggregation when the interferer is located out of gap.

2.2
Interferer

In legacy test cases the interferer is either narrowband (i.e. GSM) or a modulated signal (5MHz modulated signal, another HSDPA for example or UMTS) or a Continuous Waveform (CW).
As pointed out in [6] it is important to understand which interferers we can expect in the gaps. However we think that these 2 types of interferers should be considered as much as possible the baseline for the definition of the requirements.

Hence we propose the following:
Depending on the test cases re-use as much as possible the interferers definition as defined for legacy single carrier UEs. 

2.3
Requirements

2.3.1
REFSENS

REFSENS may be affected by the presence of non contiguous carrier aggregation only when the duplex gap is small (according to our computation at least less than ~40MHz). This is not the case for band I (130MHz duplex gap) and band IV (355MHz duplex gap), hence we can safely assume that the REFSENS does not need relaxations for any configuration in these 2 bands.

The proposal is as follows:

The same legacy requirements could be applicable for the configurations in band I and IV independent of the scenario.

2.3.2
ACS

The ACS test is instead sensitive to the architecture considered.

Single receiver architecture.

For single receiver architecture we propose to consider the configuration CxCC with one modulated interferer in the gap. 

The level of this interferer needs to be discussed further. However, it can be anticipated that relaxations of the interferer power level are necessary. 

The limitation of the interferer power level in this case, means to limit the applicability of the non contiguous carrier aggregation for single LO-UEs to scenarios with a limited amount of interferer. The UE can have RRM-based methods to make sure to provide the information to the network about the effect of the interferer on its performance.

One could argue that a UE which supports these <20MHz system bandwidth configurations with 2 receivers will easily pass the ACS requirements. This is true. However, it should be mentioned that according to RAN 2 signaling, the UE does not report to the network whether it supports the specific configuration with 1 LO or with 2 LOs, hence the worst case should be considered. RRM-based methods can give a competitive advantage to 2 Los based receiver because these UEs will report more often a “no impact” kind of feedback (even in presence of higher amount of interferers than the one specified by the ACS test) and hence will see an increase in throughput.  

Hence we propose the following:
Consider the configuration CxCC with one modulated interferer in the gap and define the requirements based on that configuration. Accept possible relaxation of the interferer power.
Dual receiver architecture.

For the dual receiver architecture, the presence of one or several modulated interferers in the gap is slightly more complicated than for the legacy out of gap test case.
In fact one could argue that when the bandwidth of the analog filter increases it can loose some dB of adjacent filtering capability and the legacy requirements may become more tighten.

The worst case can be considered to be CxxCCC with 2 modulated interferers in the gap. Possible slight relaxations are needed because of the slightly reduced filtering capability when considering 15MHz filters compared to 5MHz filters which may stress the ADC component. Moreover, depending on the implementations, the small gap may create some leakage.

Hence we propose the following:

Consider CxxCCC scenario with 2 modulated interferers in the gap. Possible relaxations are to be discussed.
In the following we propose to define several requirements only for a certain gap length. This has a result a limited amount of tests in gap for scenarios with small gap length. It may be possible, depending on operators’ feedback on the type of interferer which may happen in the gap to extend the ACS in gap and to define other interferer type in addition to the legacy modulated interferer. This needs to be discussed further. 
Hence we propose to discuss further whether new in-gap ACS test cases need to be defined (with different type of interferer w.r.t. the legacy modulated interferer). This can be based on operators’ input.

2.4
In band Blocking

The in-band blocking is defined for a modulated interferer with an offset of 10Mhz or 15MHz w.r.t to the carrier frequency of the wanted carrier.

If we consider a scenario with 5MHz gap, it is clear that if any interferer is present the UE is required to satisfy the ACS requirements, and not the in-band blocking requirements. 

If we consider a 10MHz gap, such as C1 G1 G2 C2 C3 or C1 G1 G2 C2 C3 C4 where G1 and G2 are the two 5Mhz gaps, there can be two options,

1. The modulated interferer is located with an offset equal to 10MHz w.r.t the C1 carrier frequency. The same interferer corresponds to the adjacent interferer for C2. If in-band blocking requirements are defined in such case the UE is required to fulfill the in-band blocking requirements (and set-up) for C1, while it should fulfill the ACS requirements (and set-up) for carrier C2. It should be noted that the test set up for the ACS and for the blocking requirements is not the same. 

2. The modulated interferer is located with an offset equal to 10MHz w.r.t the C2 carrier frequency. The same interferer corresponds to the adjacent interferer for C1. If in-band blocking requirements are defined in such case the UE is required to fulfill the in-band blocking requirements (and set-up) for C2, while it should fulfill the ACS requirements (and set-up) for carrier C1. It should be noted that the test set up for the ACS and for the blocking requirements is not the same.

Hence we propose the following:

Define In-band blocking requirements only for scenarios with more than or equal to 15MHz gap. If an interferer is present in scenarios with less than or equal to 10MHz gap, the UE is required to satisfy the ACS requirements.

In view of this we propose the following:
Consider the scenario CC-20-C  which allows for 10MHz and 15MHz offset requirements without hitting the ACS type of conditions. 
2.5
Narrowband Blocking

The narrowband blocking requirement is defined only for band IV in the legacy case. The same handling should be considered in this case as well.

Hence, consider narrowband blocking requirements only for band IV.

The offset of the interferer for narrowband blocking is 2.7Mhz or 2.8Mhz w.r.t the carrier frequency. Hence a 5MHz gap is sufficient in order to define a similar narrowband blocking test case. 

We propose to consider the scenario CxC for the single LO receiver and the scenario. For dual LOs-receiver the requirements may vary depending on the filtering capabilities depending on the configuration. This may need further discussion.
2.6
Intermodulation

For intermodulation we think that the same handling as for in-band blocking can be used, i.e. a sufficient gap length is necessary in order to define this test.
The offsets of the CW interferer and of the modulated carrier should be studied further. However, in order not to define a test with is not more demanding than for legacy we think that the minimum offset should be maintained to 10MHz (CW offset).

Hence, 

Define intermodulation requirements only for scenarios with more than or equal to 15MHz gap. If an interferer is present in scenarios with less than or equal to 10MHz gap, the UE is required to satisfy the ACS requirements.

In view of this we propose the following:

Consider the scenario CC-25-CC  which allows for 10MHz and 20MHz offset requirements. The definition of the interferer offset is TBD.
2.7
Narrowband Intermodulation

This requirement is defined only for band IV for the legacy tests. Hence we propose here to follow the same handling. 
Define narrowband intermodulation only for band IV.
The offsets which have been defined for the legacy tests are 3.5MHz and 5.9MHz. If the same offsets are to be maintained also in the gap, the requirement can be defined only for at least 10MHz gap. 

Hence we propose to consider the following scenario for the definition of the requirements: C-10-CC (in band IV).
3 
Conclusions

In this contribution we have discussed the RF core requirements for the non contiguous carrier aggregation. The following proposals have been made:

General:

Proposal 1.


We propose here to define the requirement based on 2 scenarios:


1 scenario which can be supported with a single receiver


1 scenario which can be supported with 2 receivers.

Proposal 2.

We propose to allow for interferer max power level relaxations compared to legacy case for the scenario which can be supported with a single receiver.

Proposal 3

We propose that the same kind of relaxations should be considered in the context of carrier aggregation for HSDPA (reuse of the filters should be possible). This is valid for both the scenarios (with single receiver or with dual receivers).

Proposal 4.

Depending on the test cases re-use as much as possible the interferers definition as defined for  legacy single carrier UEs. 

REQUIREMENTS
REFSENS

Proposal 5. The same legacy requirements could be applicable for the configurations in band I and IV independently from the scenario.

ACS

Proposal 6. Single LO: Consider the configuration CxCC with one modulated interferer in the gap and define the requirements based on that configuration. Accept possible relaxation of the interferer power.
Proposal 7. Dual LO: Consider CxxCCC scenario with 2 modulated interferers in the gap. Possible relaxations are to be discussed. We propose to discuss further whether new in-gap ACS test cases need to be defined (with different type of interferer w.r.t. the legacy modulated interferer). This can be based on operators’ input.

In-band blocking

Proposal 8. Define In-band blocking requirements only for scenarios with more than or equal to 15MHz gap. If an interferer is present in scenarios with less than or equal to 10MHz gap, the UE is required to satisfy the ACS requirements.

Consider the scenario CC-25-CC  which allows for 10MHz and 15MHz offset requirements. 
Narrowband Blocking:

Proposal 9. We propose to consider the scenario CxC for the single LO receiver and the scenario. For dual LOs-receiver the requirements may vary depending on the filtering capabilities depending on the configuration. This may need further discussion.
Intermodulation:

Proposal 10. Define intermodulation requirements only for scenarios with more than or equal to 15MHz gap. If an interferer is present in scenarios with less than or equal to 10MHz gap, the UE is required to satisfy the ACS requirements.

Consider the scenario CC-25-CC  which allows for 10MHz and 20MHz offset requirements. The definition of the interferer offset is TBD.
Narrowband Intermod:

Proposal 11. Define narrowband intermodulation only for band IV. We propose to consider the following scenario for the definition of the requirements: C-10-CC (in band IV).
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