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1
Introduction
The non-contiguous 4C-HSDPA work item was introduced in RAN#50 with the following objectives

The objective of the work item is:

· 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. Part of this feasibility analysis is to identify a limited set of band combinations and number of carriers in each band to be covered in this WI. 

In the last meeting an LS [1] was sent to RAN plenary with the information about the scenarios which operators are interested in and some preliminary information about the discussions and approaches RAN 4 is considering in order to determine the requirements and the feasibility.

In particular it was recognized by several companies that 

· 
It is beneficial to allow single receiver operation in order to support some of the non contiguous carrier aggregation configuration. This may allow early support of the feature for UEs which support single band 4C-HSDPA configurations and it allows full reuse of LTE components.

· The presence of a jammer in the gap(s) may seriously degrade the performance for single receiver based UEs mainly due to 2 effects

· Dynamic range impact due to the presence of a strong interferer in the gap (due to the absence of the analog filtering). This affects all the carriers in the configuration. The impacts can be 

· A suboptimal AGC gain set up for the wanted carrier

· Possible clipping and non linear distortion introduced

· Limitation in the supported dynamic range of the system

· Image problem which affects in general one carrier only among the carriers belonging to the configuration (the one which is located at the symmetrical carrier frequency w.r.t the position of the LO).

The presence of the jammer, however is considered to be a realistic case which corresponds to the presence of an other operator located in the gap which is not collocated w.r.t the wanted cell and which transmits in a uncoordinated way.

Hence, it has been recognized that these scenarios should be considered when defining the requirements.

There are possible solutions in order to overcome this problem:

1. 
Force all the UE to support the feature with 2 receivers (hence 2 LOs). However in 3GPP UE implementation freedom is always considered to be an important aspect; as mentioned above supporting some configurations with a single LO maybe beneficial in order to be able to reuse LTE components and to enable low cost UE to support some configurations as well, hence maximizing the possibility for the network to schedule the UEs under this mode

2. 
Limit the interferer level for which the non contiguous carrier aggregation should pass the requirements. However, this may limit the applicability of this feature for UEs which support the feature with several LOS for example. Moreover, the NodeB does not have the information about whether or not the UE is experiencing conditions which are within the possible limits of applicability of the feature. 
3. 
Define new methodology in order to provide to the network the information about the impact of the presence of the possible interferer in the UE according to its architecture. 
 In this contribution, we discuss the point 2 and 3.

2
Discussion
As introduced already above we do not think that defining the requirements in such a way that the UE is forced to support  non contiguous CA feature with 2 independent receivers too be a viable solution. Therefore requirements should be defined such that the UE supporting non contiguous CA feature has freedom whether to implement one receiver or two receivers. Hence, in this section we present a method which allows to UE to provide information about the impact of the interferer on the receiver performance. We agree with the argumentation presented in [2] thatthis kind of information is beneficial and it may allow to limit the applicability of the RF core requirement to reasonable levels of interferer in the gap, which does not roll out the possibility to support the feature with a single receiver. However this methodology does provide a competitive advantage for the UEs which support the feature with 2 or multiple receivers. Hence, even though the UEs with multiple receivers will pass the RF core requirements with a limited amount of interference level but they will be able to provide a feedback to the network which gives the indication that higher level of interference can be handled (or tolerated).
This document provides our proposal on the methodology which can be specified in order to give the information to the network about the impact of the interferer on the UE receiver.

In particular there are four aspects/scenarios which need to be considered, They are described below:
Scenario 1.
The UE is configured in single carrier mode in C4 and thus also scheduled in C4. The network would like to configure and schedule this UE under non contiguous carrier aggregation with configuration C1,C2, C3 with gap between C1 and C2
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Scenario 2.

The UE is configured in single carrier in any of C1 or C2 or C3 and thus also scheduled in C1, C2 or C3.  The network would like to configure and schedule this UE under non contiguous carrier aggregation with configuration C1,C2, C3 with gap between C1 and C2.
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Scenario 3.

The UE is configured in dual carrier contiguous (C2-C3 and thus scheduled in C2-C3) or non contiguous (C1-C2 or C1-C3 and thus scheduled in C1-C2 or C1-C3 respectively). The network would like to configure an additional carrier to extend the non contiguous carrier aggregation with configuration C1,C2, C3 with gap between C1 and C2. The UE can thus be scheduled in C1, C2 and C3.
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Scenario 4.

The UE is already scheduled under non contiguous carrier aggregation C1, C2 and C3 and it needs to monitor its quality depending on the presence of a strong interferer.
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In the following we discuss in more details the possible methodology depending on the scenarios.
2.1
Scenario 1

Under this scenario the UE is scheduled in C4 and the network would like to schedule this UE under non contiguous carrier aggregation with configuration C1,C2, C3.
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Under this scenario currently the UE may have the possibility to measure the quality of the signal on C1, C2 and C3 by using compressed mode gaps, by changing the position of the LO for each measurement gap and by positioning it in the middle of the carrier under measurement (C1, C2 or C3). These measurements however do not say anything about the possibility for the UE to support the non contiguous CA configuration C1, C2, C3, because each measurement is based on a 5MHz basis.
One possibility would be to give the possibility to NodeB to request for a joint inter-frequency measurement rather than several single carrier inter-frequency measurement for a UE which report support for the non contiguous carrier aggregation feature. 

The UE could be requested to report during a single compressed mode gap pattern the quality of C1,C2 and C3 by using the same architecture which will be used in case of non contiguous carrier aggregation for this set of carriers. The UE uses one compressed mode gap pattern during which it changes the position of the LO and does measurement on C1, C2 and C3 together. This means that during each gap of the compressed mode gap pattern the UE measures (e.g. UTRA carrier RSSI or CPICH Ec/No) on C1, C2 and C3 together. 
This allows the UE to provide a feedback to the network about the interference level and its impact of the UE depending on its architecture such that the network optimizes from the start the allocation of the resources (activate only the carriers which do not experience a high level of interference). 
The current minimum requirements enable the UE to measure on at least 2 inter-frequency carriers in parallel using compressed mode patterns; one pattern form each inter-frequency. Under this case the network would request the UE to use 1 compress mode pattern to measure the 3 non contiguous carriers simultaneously.
The report of RSSI and CPICH Ec/No can provide sufficient information about the current quality of the carriers. It can be noticed that, in case of a strong interferer in the gap a UE which is designed with a single LO will see an increase in the RSSI in carrier C2 and a reduced SNR value on carrier C2; a UE designed with 2 LOs may report similar level of RSSI and CPICH Ec/No as if it would have done 3 single carrier measurement (by using 3 different compressed mode patterns though).   
2.2
Scenario 2

Under scenario 2 the UE is scheduled in C1 or C2 or C3 and the network would like to schedule this UE under non contiguous carrier aggregation with configuration C1, C2, C3.


[image: image6]
In 4C-HSDPA, a UE capability (optional) for measuring on second and third inter-frequency carriers (i.e. 2 inter-frequency carriers in addition to primary/serving carrier) without compressed mode was introduced. We can extend this capability for NC-4C-HSDPA i.e. UE measures on (C2, C3) without compressed mode assuming C1 is the primary carrier i.e the UE supporting 4C-HSDPA with 3 or 4 adjacent carrier has the capability to open its receiver to a wider BW (e.g. 15 or 20 MHz) to be able to measure all carriers at the same time without gaps. 
Hence we can think that the UE which is scheduled in single carrier mode (when the single carrier belongs to the set of carriers of the non contiguous CA configuration), have the capability to measure the quality of the received signal by using the same configuration as it would use if configured in non contiguous carrier aggregation (single filter). The methodology can be applicable also for a UE with 2 LOs which won’t be penalized.
One effect of this approach is that, if the UE is scheduled under single carrier mode in C2 and it is requested to measure the quality of C1 and C3 without compress mode it changes the position of the LO and open a 20MHz window. The presence of a strong interference in the gap may seriously degrade the performance in C2 because of the image problem.

The same approach as in Scenario 4 can then be used in order to overcome this problem.

2.3
Scenario 3

Under this scenario the UE is scheduled in dual carrier contiguous C2-C3 or non contiguous C1-C2, C1-C3 and the network would like to schedule this UE under non contiguous carrier aggregation with configuration C1,C2, C3.
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The same approach as in Scenario 2 can be considered here. The optional capability of the UE to measure the quality of the signal over C1,C2 and C3 without compress mode can be applicable/extended to this case as well. The same rationale and comments as in section 2.2 are applicable for this case. 
2.4
Scenario 4
Under this scenario the UE is already scheduled under non contiguous carrier aggregation C1, C2 and C3 and it needs to monitor its quality depending on the presence of a strong interferer.
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Under this scenario several options can be discussed, mainly based on CQI or new event reporting. The CQI reporting mechanism (described below) for determining the quality of carriers is not feasible in scenarios 1-3 since the UE can measure CQI only on the configured carriers.
2.4.1
CQI based approach

CQI is a measure of the capability of the receiver to decode/demodulated a certain MCS. CQI is reported per carrier, it is based on the CPICH SNR, but it takes into account the UE implementation. This measurement could be well suited in order to provide information to the NodeB about the impact of the interferer into (some of ) the component carriers. 

However it was argued that the CQI is a fast measurement which is affected by the fast fading. Hence the NodeB does not have the possibility to differentiate between a particularly unfortunate fading hole and the presence of a strong interferer.

In order to be able to differentiate between the two cases the NodeB would need to average over multiple CQI reporting. However the coherence time of the channel may be high (in 3km/h scenarios) which would require a large amount of averaging.     

Figure 1 shows the SNR loss as a function of the nominal SNR and the offset between the interference level and the wanted carrier power. It can be seen that at high SNR the SNR loss increases dramatically even for small level of adjacent interference. Hence, we can argue that at high SNR rapidly the presence of an interferer will induce a drop in the reported CQI level for that carrier.

Additionally, Figure 2 shows the CDF of the dynamic range of the SNR when 2, 3 or 4 carriers are aggregated for EVA and EPA channel model. It can be seen that the dynamic range of the SNR increases when aggregating more and more spectrum as expected. This curves say also that there is  2 to 3 dB increase in the dynamic range of the SNR when aggregating 3 carriers, for example under EVA, 95% of the time the maximum difference in instantaneous SNR levels is less than 10dB for a single carrier, and it becomes less then 13dB when aggregating 3 carriers. This also mean that different carriers may experience a difference in CQI which corresponds to 13dB, i.e. carrier 1 could report CQI=x1 while carrier C2 could report a CQI=x2 where x2-x1 corresponds to 13dB. This effect would be only due to fading.
It can still be possible to define thresholds which triggers the average processing in the NodeB in order to discover the presence of an interferer. 

If the interferer power is such that the reduction in the CQI is within the possible dynamic range of the SNR when aggregating 3 carriers, the NodeB can not discriminate between the presence of the interferer and a fading hole. Hence, the NodeB may conclude that the carrier is still providing a reasonable quality in average and that data can still be sent, because sooner or later the fading will provide better conditions. One could think of triggering the average method in NodeB if the CQI of some of the carriers is hitting a very low zone (< threshold), i.e. if the performance on a certain carrier are bad, the NodeB may decide to deactivate some of the carrier. The averaging approach can give some indications about the unfortunate fading approach and the presence of an interferer.

The base station can compare the statistic of the reported CQI on the different carriers and estimate the average CQI which provides information about a long term bias which provides information about the presence of the interferer. The advantage of this method is that it does not require changes into the legacy network or UE behaviour, while the drawback is that the netowork may decide to deactive one of the carrier with a certain latency which depends on the channel coherence time.
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Figure 1. SNR loss versus nominal SNR and interferer strength 
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Figure 2. CDF of the dynamic range of the SNR when 2, 3 or 4 carriers are aggregated for EVA and EPA.
2.4.1
Event triggered reporting of CQI 
The limiting factor of the CQI-based method is the latency, when the coherence time of the channel is high.
In [2] an event triggered RSSI reporting was proposed, the NodeB can trigger the reporting of the RSSI computed in the gap.

The RSSI is the total received power in a defined carrier. The information about the RSSI in the gap can provide information about the load in the gap. This is certainly true but it does not provide the information about the effect of this interferer on the receiver itself.

Other methodologies/other quantities can be computed in order to provide the correct information about the effect of the interferer in the gap.

One option would be to trigger the report of an additional CQI-like feedback computed on carriers C1, C2 and C3. The UE has the information about

· Whether or not there is an interferer in the gap

· Whether or not this interferer has an effect 

The UE can compute the ideal CQI value which it would support if the interferer was not there.

In case the UE has 2 LOs, the realistic CQI would be equal to the ideal CQI which means that there is no impact on the receiver.

In case the UE has 1 LO but no interferer is present the realistic CQI would be equal to the ideal CQI which means that there is no impact on the receiver.

In the case the UE has 1 LO and there is an interferer present the NodeB is informed about the difference between the realistic CQI and the ideal CQI. The NodeB can take actions and re-optimize the scheduling if necessary.        
3
Conclusions 

In this contribution we have discussed the possibility to use RRM techniques in order to inform the network about the realistic reception conditions of the UE under several scenarios of non contiguous carrier aggregation configurations.   
In order to accurately determine the signal quality, which takes into account the presence of interfere, the UE should perform measurements (i.e. UTRA carrier RSSI, CPICH Ec/No) on non contiguous carriers jointly by positioning the LO in the center of the bandwidth occupying all the carriers. This can be done by using single compressed mode gap pattern or without compressed mode depending upon the scenario and the UE capability. This is possible with minor modification to the measurement procedure. 

Additionally when the UE is already configured in non contiguous CA mode, it can monitor the quality of the reception on each carrier by considering CQI or via the introduction of an event triggered reporting based on a CQI-like ideal information (computed by assuming that no interferer is present).
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