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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]. Assuming the presence of two UL carriers, we discussed the corresponding UL configuration assumptions for the UE reference sensitivity (REFSENS) requirements [2]. 
In this contribution, we assume two non-contiguous carriers in UL and discuss the impact on the REFSENS requirements. More specifically, we extend our discussion in [2] and evaluate the TX noise level on DL carriers as a function of sub-block gap.
2 Dependence of TX noise on sub-block gap
Throughout this contribution, we consider only the scenarios where there are only two sub-blocks within a frequency band with one carrier for each sub-block. Therefore, the terms sub-block and component carrier are used inter-changeably in the following. 

We assume that the two carriers maintain a duplexer distance of the Rel-8 TX-RX frequency separation (e.g., 80 MHz for Band 25). The UL carrier that is located farther from the DL frequency band is assumed to be chosen as the PCC. Depending on sub-block gap, we can categorize CA configuration into three options in Figure 1.
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Figure 1. CA configuration options.
In these CA configuration options, we assume that the UL PCC is always fully allocated, while the UL SCC is partially allocated, starting with the low frequency end. 
Because of limited duplexer isolation, the transmitted signal may appear at the receiver and interfere with the received signal. Therefore, the presence of two UL carriers may result in non-negligible TX noise on the DL carriers, thereby affecting the receiver performance (e.g., REFSENS). 
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Figure 2. Dependence of minimum UL-DL gap on sub-block gap.

The minimum UL-DL gap is defined as the frequency distance between the closest UL and DL carriers (e.g., the UL SCC and the DL PCC in Figure 2), as illustrated in Figure 2. It is easily understood that the minimum UL-DL gap 
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where 
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 is the duplexer distance (that is assumed to be equal to the Rel-8 TX-RX frequency separation), 
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 is the sub-block gap, and and 
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 are the two sub-block bandwidths. 

In [3], it is pointed out that, in the presence of a single UL carrier, the TX noise level on the DL carriers monotonically decreases with the minimum UL-DL gap , or, equivalently, it monotonically increases with the sub-block gap. Such monotonic increase of TX noise level with the sub-block gap is not true in the case of two UL carriers: The interference due to the inter-modulation (IM) products of UL carriers does not simply increase with the sub-block gap. 
In the following section, we provide our simulation results to show the impact of sub-block gap on the TX noise level on the DL carriers. 
3 UL configuration assumptions for REFSENS
In this section, we evaluate the TX noise level in Band 25 for a wide range of sub-block gap so that it can cover all the configuration options in Figure 1. The following assumptions are made for the simulations.

· The UL PCC is a fully allocated carrier of either 5 MHz or 10 MHz, while the UL SCC is a 5 MHz partially allocated carrier (with resource allocation started at the low frequency edge). 
· The TX power is allocated in proportion to resource allocation between the UL carriers such that the PSD can always be equal across the carriers (regardless of the UL SCC resource allocation). 
· The TX noise level is measured on the DL carrier that is close to the UL frequency band (PCC). 
· The transmitter is assumed to have a single PA and a single antenna.

· The PA operating point is set such that it can satisfy UTRA_ACLR1 (33 dBc) at the output power of 22 dBm with a fully allocated 20 MHz carrier modulated by QPSK.

· Counter IM3, IQ image and carrier leakage are not considered. 

· The maximum UE power (
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) is set to 23 dBm.

· The duplexer distance is assumed to be 80 MHz and the duplexer isolation is assumed to be 50 dB. 

3.1 Configuration with 5 MHz + 5 MHz
Here we assume the carrier bandwidth of 5 MHz for both UL carriers. The TX noise level on the DL PCC is evaluated for the sub-block gap ranging from 0 MHz (i.e., contiguous CA case) to 55 MHz (i.e., the case with the smallest minimum UL-DL gap). The simulations were repeated with respect to the UL SCC resource allocation ranging from 5 RBs to 25 RBs (full allocation).

First, full TX power transmission (23 dBm) is assumed, i.e., MPR is set to 0 dB. Figure 3 shows the TX noise level as a function of sub-block gap with respect to UL SCC resource allocation. As pointed out in Section 2, the interference due to TX noise is neither monotonically increasing nor monotonically decreasing with the sub-block gap, as opposed to the case of a single UL carrier [3]. The reason is that the TX noise level is (locally) minimized around a couple of sub-block gap values, which are represented by multiple dips in each curve in Figure 3. For instance, in the case of 25 RBs, the corresponding curve 
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Figure 3. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation

(PCC: 5 MHz, SCC: 5 MHz, MPR: 0 dB).
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Figure 4. TX noise for a sub-block gap of 27.5 MHz

(PCC: 5 MHz, SCC: 5 MHz, MPR: 0 dB).

shows three dips at 23 MHz, 32.5 MHz and 52 MHz. This can be explained by the frequency locations of the UL SCC and the IM products relative to the DL PCC. For example, the dip at 23 MHz occurs when the 5th order IM product and the 7th order IM product have the DL PCC at (roughly) the same distance in between. Likewise, the dip at 32.5 MHz occurs when the 3rd order IM product and the 5th order IM product have the DL PCC in between, as shown in Figure 4. Finally, the dip at 52 MHz occurs when the UL SCC and the 3rd order IM product have the DL PCC in between. This observation holds true for the other UL SCC resource allocations, except for slightly different frequencies of the dips. Recalling that the (thermal) noise level assumed in Band 25 is -95 dBm (i.e., 1.5 dB above the REFSENS level), it is concluded that the presence of two UL carriers results in a severe impact on receiver performance, regardless of sub-block gap and UL SCC resource allocation. For example, with the sub-block gap of 45 MHz, the TX noise on the DL PCC amounts to -90 dBm, i.e., 5 dB above the noise level, implying about 5 dB relaxation of the REFSENS requirements.

We repeated the simulations for non-full power transmission, i.e., with non-zero MPR. Figure 5, Figure 6 and Figure 7 show the TX noise level with MPR of 3 dB, 6 dB and 9 dB, respectively. It is clearly shown that the interference due to TX noise significantly decreases with MPR substantially. For example, in the case of MPR of 3 dB and the sub-block gap of 45 MHz, the TX noise on the DL PCC amounts to -102 dBm, i.e., 7 dB below the noise level, which has little influence on the REFSENS requirements.
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Figure 5. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation
(PCC: 5 MHz, SCC: 5 MHz, MPR: 3 dB).
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Figure 6. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation
(PCC: 5 MHz, SCC: 5 MHz, MPR: 6 dB).
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Figure 7. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation.(PCC: 5 MHz, SCC: 5 MHz, MPR: 9 dB).

Based on the above simulation results, the maximum UL transmission bandwidths that guarantees no relaxation need for the REFSENS requirements are provided with respect to MPR in Figure 8. The target TX noise level is set to -104 dBm (9 dB margin), which implies that there is (almost) no relaxation need. Figure 8 shows that full power transmission (i.e., MPR of 0 dB) does not allow for any resource allocation for the UL SCC because of significant REFSENS degradation (except for the contiguous CA case). However, this does not necessarily imply the relaxation need for the REFSENS requirements, since, by definition, REFSENS shall be measured with the TX power set to 
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 and thus a certain level of power backoff from 23 dBm may be allowed for the the measurement .Obviously, the maximum allowable power backoff for the REFSENS measurements depends on the definition of MPR for NC intra-band CA. Recall that the MPR simulations in [4] show the MPR of 9 dB and 7 dB for the aggregated transmission bandwidth of 30 RBs and 50 RBs respectively [4]. (Note that the aggregated transmission bandwidths of 30 RBs and 50 RBs correspond to the UL SCC of 5 RBs and 25 RBs.) Hence, we can draw a conclusion that, by setting the maximum UL transmission bandwidth according to sub-block gap, it is possible to avoid any relaxation need for REFSENS, except for the ranges of sub-block gap of, 22 MHz ~ 24.5 MHz and 33 MHz ~ 40 MHz.  
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Figure 8. Maximum UL transmission bandwidth as a function of sub-block gap with respect to MPR (PCC: 5 MHz, SCC: 5 MHz, Band 25).

3.2 Configuration with 10 MHz + 5 MHz

In the following, we repeat the whole simulations with the carrier bandwidth set to 10 MHz and 5 MHz for the UL PCC and the UL SCC, respectively. The TX noise level on the DL PCC is evaluated for the sub-block gap ranging from 0 MHz (i.e., contiguous CA case) to 50 MHz (i.e., the case with the smallest minimum UL-DL gap). Again, the evaluation process is repeated for the UL SCC resource allocation ranging from 5 RBs to 25 RBs (full allocation).

Figure 9, Figure 10, Figure 11 and Figure 12 shows the TX noise level as a fuction of sub-block for MPR of 0 dB, 3 dB, 6 dB and 9 dB, respectively. It is clearly seen that the TX noise becomes stronger, 
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Figure 9. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation.(PCC: 10 MHz, SCC: 5 MHz, MPR: 0 dB).
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Figure 10. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation.(PCC: 10 MHz, SCC: 5 MHz, MPR: 3 dB).
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Figure 11. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation.(PCC: 10 MHz, SCC: 5 MHz, MPR: 6 dB).
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Figure 12. Dependence of TX noise level on sub-block gap with respect to UL SCC resource allocation (PCC: 10 MHz, SCC: 5 MHz, MPR: 9 dB).
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Figure 13. M aximum UL transmission bandwidth on sub-block gap with respect to MPR 

(PCC: 10 MHz, SCC: 5 MHz, Band 25).

compared to the simulation results in Section 3.1. The dips in the curves become shallower and sometimes almost disappear, partly because of a larger bandwidth of IM products. For instance, with the MPR of 3 dB and the sub-block gap of 42.5 MHz, the TX noise level amounts to -85 dBm, i.e., 10 dB above the noise level. This leads to severe interference to the DL carriers, as opposed to the simulation results in Section 3.1.

Again, in Figure 13, the maximum UL transmission bandwidths that guarantee no relaxation need for REFSENS are provided with respect to MPR, assuming the target TX noise level of -104 dBm. Compared with Figure 8, it is found out that the UL PCC of 10 MHz results in far stronger interference than the UL PCC of 5 MHz. For instance, with the sub-block gap of 47.5 MHz, the MPR of 3 dB does not allow for full allocation (i.e., 25 RBs) for the UL SCC, as opposed to the Figure 8. Recall that the MPR simulations in [4] show that the MPR may amount to 6 dB and 5 dB for the aggregated transmission bandwidth of 55 RBs and 75 RBs, respectively [4]. (Note that the aggregated transmission bandwidths of 55 RBs and 75 RBs correspond to the UL SCC of 5 RBs and 25 RBs.) Thus it is still possible to avoid the relaxation need for REFSENS by simply constraining the UL transmission bandwidth according to sub-block gap, if the sub-block gap is sufficiently smaller than 17.5 MHz or sufficiently larger than 45 MHz.  

To sum up, the following observations have been made based on the simulation results.

· The TX noise level on the DL PCC depends on the sub-block gap, but it is neither monotonicially increasing nor monotonically decreasing with the sub-block gap.

· The TX noise level on the DL PCC decreases with MPR significantly, thereby enabling the UL SCC resource allocation for a certain range of sub-block gap.

· The UL configuration assumptions, i.e., the maximum UL transmission bandwidths for the REFSENS requirements, should be defined based on the sub-block gap. 

The maximum UL transmission bandwidths provided in Figure 8 and Figure 13 are still FFS. In order to define the UL configurations assumptions for the REFSENS requirements, the following issues should be considered.

· The simulations do not consider other TX impairments such as counter IM3, IQ image and carrier leakage, and RX impairments such as IM2 [5]. It is not clear how much these TX and RX impairments affect the UL configuration assumptions.

· The simulations only measure the TX noise the DL PCC. It is unclear whether the DL SCC may be more interfered than the DL PCC.

4 Summary
In this contribution, we evaluate the TX noise level on DL carriers as a function of sub-block gap.In this contribution and also provide the maximum UL transmission bandwidth that avoids any relaxation need for the REFSENS requirements. The following observations have been made based on the simulation results.

· The TX noise level on the DL PCC depends on the sub-block gap, but it is neither monotonicially increasing nor monotonically decreasing with the sub-block gap.

· The TX noise level on the DL PCC decreases with MPR significantly, thereby enabling the UL SCC resource allocation for a certain range of sub-block gap.

· The UL configuration assumptions, i.e., the maximum UL transmission bandwidths for the REFSENS requirements, should be defined based on the sub-block gap. 
The maximum UL transmission bandwidths provided in this contribution are still FFS. The following issues should be considered.

· The simulations do not consider other TX impairments such as counter IM3, IQ image and carrier leakage, and RX impairments such as IM2 [5]. It is not clear how much these TX and RX impairments affect the UL configuration assumptions.

· The simulations only measure the TX noise the DL PCC. It is unclear whether the DL SCC may be more interfered than the DL PCC.
5 References
[1] RP-110732, Update to LTE Carrier Aggregation Enhancements WID. 

[2] R4-122786, Dependence of UL configuration on carrier spacing, Ericsson, ST-Ericsson.
[3] R4-123796, UE reference sensitivity requirements with one UL carrier, Ericsson, ST-Ericsson.

[4] R4-121205, Way forward for non-contiguous intraband transmitter aspects, Nokia Corporate.
[5] R4-123306, Reference sensitivity for non-contiguous intra-band CA, Qualcomm Incorporated.













































_1405441180.unknown

_1405441385.unknown

_1405441405.unknown

_1398482365.unknown

_1405342950.unknown

_1405441171.unknown

_1405162547.unknown

_1398482353.unknown

