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1 Introduction
The LTE carrier aggregation (CA) enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for non-contiguous (NC) intra-band CA [1]. In [2], we discussed the impact of a UL carrier from the transmitter and discuss how to define the REFSENS requirements. 
In this text proposal, we propose how to define the REFSENS requirements for NC intra-band CA.
2 References

[1] RP-110732, Update to LTE Carrier Aggregation Enhancements WID. 
[2] R4-125614, REFSENS with one UL carrier for NC intra-band CA, Ericsson, ST-Ericsson.
************************************* Start of text proposal to TR 36.823************************************

6.2.3 Receiver characteristics

6.2.3.1 Reference Receiver Architecture

In NC-intraband operation UE must be able to receive two separate carriers located arbitrarily within a frequency band. If same deployment scenario assumptions apply as for single carrier operation it means that the power difference between adjacent carriers can be up to 33 dB as specified in 36.101. In order to have comparable performance to single carrier operation two separate receiver chains are assumed, see Fig 6.2.3.1-1.

Further studies are needed on what impact the division of the signal chain has on receiver noise figure.
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Figure 6.2.3.1-1 Reference receiver architecture

6.2.3.2 Reference sensitivity power level 

We only consider the scenarios where there are two NC carriers in DL ( PCC and SCC) and one carrier in UL (PCC). Therefore, the terms sub-block and component carrier are used inter-changeably in the following. 

Assuming the Rel-8 TX-RX frequency separation (e.g., 80 MHz for Band 25), we can categorize CA configuration into four options shown in Figure 1, depending on (1) which carrier is chosen as PCC and (2) where the resource allocation starts in frequency.
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Figure 1. CA configuration options.

Because of limited duplexer isolation, the UL carrier from the transmitter may appear at the receiver and interfere with DL carriers. In general, the closer the UL carrier gets to the DL carriers, the more interference it causes. 

Note that the minimum gap between the UL and DL carriers (referred to as minimum UL-DL gap in the later sections) is smaller in Option 1 and Option 2 than in Option 3 and Option 4. In fact, in Option 3 and Option 4, the minimum UL-DL gap is the same as Rel-8 TX-RX frequency separation. We propose to assume in Option 1 for the REFSENS requirements. 

· Proposal 1: Option 1 is assumed for the REFSENS requirements for NC intra-band CA. 

For NC intra-band CA, the minimum UL-DL gap depends on the sub-block gap as well as the duplexer distance (and the channel bandwidths). More specifically, as shown in Figure 2, the minimum UL-DL gap 
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where 
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 is the duplexer distance (that is assumed to equal to the Rel-8 TX-RX frequency separation), 
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Figure 2. Sub-block gap and minimum UL-DL gap (Option 1).

Transmitter impairments such as PA non-linearity and IQ image should be considered when the REFSENS requirements are defined. In general, the interference due to such transmitter impairments increases with the number of RBs in the UL carrier. Therefore, in Rel-8, we define the UL resource allocation assumed for the REFSENS requirements. 

Such approach is not always applicable to NC intra-band CA, since it sometimes fails to limit the interference due to transmitter impairments. For example, a small number of RBs on either edge of the UL carrier may cause severe interference to the DL carriers. This is a valid argument. However, it should be noted that we can still take a similar approach, i.e., we can limt the UL interference due to transmitter impairments by defining the maximum number of RBs in the UL carrier, as far as the minimum UL-DL gap is larger than the UL carrier bandwidth. 

On the other hand, the receiver impairments such as nonlinearity may cause further degradation in DL. These receiver impairments should be considered when the REFSENS requirements are defined. In particular, the IM2 product of the receiver may fall into the DL carriers and it tends to become stronger with a smaller minimum UL-DL gap. Therefore, it is of primary importance to consider the impact of IM2 on the REFSENS requirements. Unfortunately, the relationship between minimum UL-DL gap and IM2 is not clear to us. 

It is possible to mitigate such interference by decreasing the receiver gain, probably, at the cost of noise figure. The increase of noise figure may require some additional relaxation of REFSENS. Therefore, the relevant design issue can be seen as the trade-off between IM2 and noise figure. 

In addition, it should be noted that the interference due to IM2 generally decreases with the UL resource allocation, as opposed to the interference due to transmitter impairments. This complicates the definition of UL resource allocation assumed for the REFSENS requirements.

Up to now, we have discussed the impact of transmitter and receiver impairments on the UL interference to DL carriers. Regardless of whether it comes from transmitter or receiver impairments, the UL interference depends on the minimum UL-DL gap, or, equivalently, the sub-block gap. Hence we propose to define the REFSENS requirements for NC intra-band CA in a sub-block gap specific manner.

· Proposal 2: The REFSENS requirements for NC intra-band CA should be based on the sub-block gap. 

Note that this proposal is quite consistent with Rel-8 in the sense that the Rel-8 REFSENS requirements are based on the duplexer distance and that the sub-block gap (or, equivalently, the minimum UL-DL gap) is the counterpart of duplexer distance for NC intra-band CA. Needless to say, the REFSENS requirements should also be based on the sub-block bandwidths as in Rel-8.

************************************* End of text proposal to TR 36.823************************************
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