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1 Introduction
Reference Sensitivity Level for UE supporting intra-band carrier aggregation has been discussed in multiple contributions [1, 2, 3, 4, and 5]. 
This paper discusses the following aspects regarding REFSENS level for intra-band carrier aggregation:
· Typical UE behaviours in real network.
· Methodology of Rel-8/9 REFSENS level test.
· Extension of Rel-8/9 methodology to intra-band carrier aggregation.
Proposal for intra-band carrier aggregation for Rel-10 is included.
2 Discussion
2.1 Typical UE behaviour in real network
In system employing OFDM technology with variable bandwidths designed, different transmitter noise could be perceived at the receiver band depending on the transmitter power and the frequency separation between transmitter (Tx) and receiver (Rx). The typical UE behaviours would be

1. Allocation of large number of resource blocks would occur at cell centre where the propagation condition is good and UE transmits at relatively smaller power.
2. When UE moves to the cell edge, the transmitter power has to be increased up to the maximum configured power but the allocation of resource blocks has to be reduced. 

It shall be noted that allocation of the maximum RBs at the maximum power level lead to low efficiency of radio resource and reduced network performance for the following reasons:

1. The excessive transmitted energy severs as pollutions to the neighbour cell and the neighbour carriers rather than conveying useful information..
2. The situation is even worse if the transmitted energy additionally is the interference to the receiver at the same UE. 
The similar situation can be envisioned for intra-band carrier aggregation which is targeted for peak date rate improvement. The typical scenario with multiple carriers activated would be the situation where UE is located closer to the base station with lower transmitter power. It’s not a typical usage to allocate all the resource blocks in all the carriers to one UE which has to transmit at the maximum power. 
In order to utilize the wireless resources (power, spectrum, and etc) efficiently, transmitter noise at the receiver shall be kept at non-perceivable level. Please note this is the typical UE behaviour and it doesn’t necessitate a mandatory requirement for UE in real deployment, and this is reflected in the note added to table 5.6.1-1 in 36.101 that “bandwidth for which a relaxation of the specified UE receiver sensitivity requirement (Clause 7.3) is allowed.” 
In summary, the impact of transmitter noise shall be minimized in real deployment. The can be done by either reducing the transmitter power if maximum bandwidth is desired, or reducing the transmitter bandwidth if large power is desired for coverage. Please note this is not a new topic in RAN4.
2.2 Methodology of Rel-8/9 REFSENS level test and relevance with UE behaviour
RF minimum requirements shall be defined based on typical application scenarios in real network. 
The methodology for existing Rel-8/9 REFSENS tests has been defined in the manner which is well aligned with the typical UE behaviour analyzed in section 2.1. In case of transmitter noise is eminent in certain bands with smaller transmitter/receiver separation, the REFSENS level is tested at the maximum transmitter power but the number of resource blocks is reduced in order to limit the transmitter noise. Please note the IP2 interferences for narrow bandwidth are different issues which are irrelevant to this discussion. 
The existing Rel-8/9 specification has provided the number of resource blocks at the maximum transmitted power, which is not only sufficient for UE noise figure testing, it can also be used for the network planning, or base station scheduler optimization.
When maximum bandwidth is tested at maximum transmitted power, certainly there will be receiver de-sensation. In some bands the de-sensation would be up to 15dB and the there would be a downlink outage in this case. This can only tell the network not to use the spectrum blocks in this way.

If the additional usage of RREFSENS level for network or scheduler planning is considered, the required maximum transmitted power reduction at large bandwidth would be more useful. There are also challenges to support maximum transmission bandwidth even with reduced transmitted power. Depending on the varieties of PA bias design, lower transmitted power may not always imply lower transmitter noise level. Below is the figure showing the ACLR performance of a commercial PA. The PA has worse ACLR performance at the low output power range. This would imply that reduction of transmitter power doesn’t automatically warrant supporting of large bandwidth. If requirements are required for the large bandwidths current without a REFSENS level in certain bands, the power reduction at transmitter, or MPR in the sense of limiting the transmitter noise would be more useful. 
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2.3 Extension of Rel-8/9 methodology to intra-band carrier aggregation
When intra-band carrier aggregation is considered, the issues are essentially the same as the ones introduced by large bandwidth in certain bands with smaller transmitter and receiver separation. The same methodology can be employed based on typical UE application scenarios. In order to reuse the Rel-8/9 REFSENS level, and to be relevant with UE application scenarios, the transmitter noise shall be excluded in all test configurations. This can be realized by the following approaches:
· In case of REFSENS at maximum transmitted power, the transmitted bandwidth shall be restricted so that the transmitter noise is not perceivable. This approach is sufficient to test the UE RF capabilities.
· If the REFSENS level at maximum transmitted bandwidth is required, the allowed transmitted power shall be restricted, again to minimize the transmitter noise at receiver. This approach is more useful for network deployment and scheduler optimization.
Then we come back to the fundamental question: 
Why we test REFSENS level?
It’s a common understanding that REFSENS is used to test the receiver noise figure, or how much noise added in the Rx chain from antenna port to the 1/0 decision maker. There are two major contributors for the added noise concerning RF performance:
· The transmitter noise 

· The noise introduced by the Rx chain nonlinearity. 
The performance of Tx noise rejection is determined by the isolation of duplex filter which is usually a passive component, and the rejection capabilities don’t vary with the bandwidth of the stimulating signals. 
The nonlinearities in the Rx chain usually reside in the active components which would introduce different level of noise depending on the bandwidth of the stimulating signals. 

With this kind of physical phenomena considered for intra-band carrier aggregation, the UE REFSENS level, or the UE noise figure in other word, can be tested with single carrier configured at transmitter side but multiple carrier configured at receiver side. Configuration of multiple carriers at transmitter side may not be necessary because the filter isolation doesn’t change with the bandwidth of the transmitted signals. 
2.4 Proposal for intra-band carrier aggregation for Rel-10
To align with CA WI objectives for Rel-10, it is proposed to specify the REFSENS level for CA_1 and CA_40 for intra-band carrier aggregation. 
The Tx/Rx separation for Band 1 is 90MHz and the receiver could be subject to transmitter noise [1] if both PCC/SCC are enabled. In this case, the maximum transmitted power shall be reduced. There is 4dB power reduction suggested in [5] but the REFSENS level at this configuration is yet to be figured out.
Based on the analysis above, the intra-band carrier aggregation can be tested by the following configuration:

1) Only one carrier (PCC) configured at the transmitter side at the maximum configured power.

2) Both PCC and SCC shall be configured at the receiver side to test the bandwidth dependent Rx chain performance. The SCC shall be configured in the way that the Rel-8 Tx/Rx separation is maintained.
For Band 40, the typical TDD REFSENS level can be reused with the same configuration above.
3 Conclusion
We have the following proposals: 

Proposal 1: The UE REFSENS level for intra-band carrier aggregation can be tested by the following configuration, at least for Rel-10 time frame and ITU-R submission:

· Only one carrier (PCC) configured at the transmitter side at the maximum configured power, and the configuration shall be the same as Rel-8/9.
· Both PCC and SCC shall be configured at the receiver side to test the bandwidth dependent Rx chain performance. The SCC shall be configured in the way that the Rel-8 Tx/Rx separation is maintained.
The above configuration is sufficient to verify the UE noise figure. 
Proposal 2: If the REFSENS level for maximum transmission bandwidth is desirable (for network and scheduler optimization, for example), it’s suggested to specify the 
· The required transmitter power reduction, or MPR in the sense of limiting the Tx noise. 
· The de-sense level at maximum transmitter power.

· Proposal 2 is for beyond Rel-10 time frame.

Text Proposal is attached for approval.
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<Text Proposal for Annex B in 36.807>
7.3
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.
For carrier aggregation, the requirements specified in Table 7.3.1-1 apply to each of component carriers. For intra-band carrier aggregation, only the primary carrier shall be transmitted following the configuration with the parameters specified in table 7.3.1-2. All the DL carriers shall be configured. For FDD, the Tx/Rx separation specified in table 5.7.4
shall be maintained for reference sensitivity power level measurement. 
7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2

<End of Text Proposal>
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