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1. Introduction
Intra-band carrier aggregation requires the support of higher channel bandwidth at the UE. In [3], it was proposed that the maximum input level should be kept the same per carrier as in Rel-8/9. In this contribution, we analyzed the physical impact on RF component for such requirements. An alternative performance requirement is proposed as the result of discussion.
2. Discussion
One of the limiting factors for maximum input level is the dynamic range of UE RFFE. For single carrier UEs, the requirement of maximum input level of -25 dBm is tested with only one radiating eNB within the frequency band. In both single carrier and contiguous bandwidth carrier aggregation UEs, the front end (LNA, AGC and mixer) is directly exposed to the duplexer pass band before the Rx chain narrows down to the actual channel bandwidth. Hence, the receiver performance would be impacted by the total power received over the operating band for both single CC and CA UEs. In practice, a single carrier UE performance is expected to degrade if neighboring frequencies are also loaded since the RFFE will receive more than -25 dBm in the band of interest for the same near base station coverage.

Two alternative proposals have been evaluated for intra-band contiguous carrier aggregation maximum input level: 

· Proposal 1 [1]: Maintain -25 dBm requirement, change the definition 

“This is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.”

to read as 

“This is defined as the maximum mean power received at the UE antenna port per component carrier, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.”
· Proposal 2: no change to current definition, i.e., the maximum input level is defined as the total received power at the UE antenna port.

For intra-band contiguous carrier aggregation, each aggregated channel contains multiple Rel9 channels. In this case, if each component carrier is received at -25 dBm as in proposal 1, the LNA would receive a total of -22 dBm. If the performance requirement remains the same as for Rel-9 single carrier UE, this effectively mandates a 3 dB improvement in UE front end dynamic range, which requires further feasibility studies. 

In order to understand the network side impact of maximum input level requirements, let us consider a dual-carrier Rel-10 network with mixed Rel-8/9/10 single carrier UEs and Rel-10 carrier aggregation UEs. The single carrier UEs are expected to have 3 dB increased MCL to the base station in this dual-carrier deployment compared to that of an isolated single carrier deployment. Requiring carrier aggregation UEs to maintain -25 dBm maximum input level per CC effectively tightened the coverage requirements for carrier aggregation UEs compared to single carrier UEs. As we know, the main design goal of carrier aggregation is to improve the UE peak rate and trunking capability. Increasing near base station coverage for carrier aggregation UEs relative to single CC UEs does not seem to be an essential feature. Note that single CC Rel-10 UEs with eDL-MIMO and UL-MIMO will still have the same maximum input level performance as in Rel-8/9.
Based on the discussion above, it is reasonable to adopt proposal 2, i.e., maintain the Rel-9 definition of maximum input level at the antenna port for carrier aggregation UEs. This would allow a consistent near base station coverage for all UEs. 

Proposal A: maintain the same definition of maximum input level for intra-band carrier aggregation.

On the other hand, further studies might be required to verify potential improvements in LTE UE FE dynamic range. In principle it should not be expected that the maximum input level at the antenna port could increase with the # of component carriers. In the case of DC-HDSPA, a maximum input level of -22 dBm is defined for a dual-carrier 10 MHz receiver at both 16QAM and 64QAM set points [3]. For LTE-A, further studies are required to validate whether such an input level is feasible for a wide channel bandwidth such as CA_1C and CA_40C at 40 MHz. We suggest to leave this requirement at [-25 dBm] as in Rel-8/9 for the time being. The group should evaluate the receiver performance at -22 dBm and revisit the requirements in the future.

Proposal B: CA_1C and CA_40C maximum input level is defined at [-25 dBm].
3. Conclusions
In this contribution, we analyzed the impact of maximum input level requirements and evaluated two alternative proposals. Based on the analysis, we recommend the working group to adopt the same maximum input level definition  as Rel-8/9 (total received power at the antenna port), which ensures consistent near base station coverage definition for single carrier and carrier-aggregation UEs. In addition, we propose to keep Rel-8/9 maximum input level for CA_1C and CA_40C and to evaluate the receiver performance at 3 dB higher level in the future meetings.

The text proposal to TR 36.807 is attached.
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7.4
Maximum input level

1) CA_X    (Intra band contiguous CA)
One of the limiting factors for maximum input level is the dynamic range of UE RFFE. For single carrier UEs, the requirement of maximum input level of -25 dBm is tested with only one radiating eNB within the frequency band. In both single carrier and contiguous bandwidth carrier aggregation UEs, the front end (LNA, AGC and mixer) is directly exposed to the duplexer pass band before the Rx chain narrows down to the actual channel bandwidth. Hence, the receiver performance would be impacted by the total power received over the operating band for both single CC and CA UEs. In practice, a single carrier UE performance is expected to degrade if neighboring frequencies are also loaded since the RFFE will receive more than -25 dBm in the band of interest for the same near base station coverage.

Two alternative proposals have been evaluated for intra-band contiguous carrier aggregation maximum input level: 

· Proposal 1: Maintain -25 dBm requirement, change the definition 

“This is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.”

to read as 

“This is defined as the maximum mean power received at the UE antenna port per component carrier, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.”
· Proposal 2: no change to current definition, i.e., the maximum input level is defined as the total received power at the UE antenna port.
For intra-band contiguous carrier aggregation, each aggregated channel contains multiple Rel9 channels. In this case, if each component carrier is received at -25 dBm as in proposal 1, the LNA would receive a total of -22 dBm. If the performance requirement remains the same as for Rel-9 single carrier UE, this effectively mandates 3 dB improvement in LNA dynamic range, which requires further feasibility studies. 

In order to understand the network side impact of maximum input level requirements, let us consider a dual-carrier Rel-10 network with mixed Rel-8/9/10 single carrier UEs and Rel-10 carrier aggregation UEs. The single carrier UEs are expected to have 3 dB increased MCL to the base station in this dual-carrier deployment compared to that of an isolated single carrier deployment. Requiring carrier aggregation UEs to maintain -25 dBm maximum input level per CC effectively tightened the coverage requirements for carrier aggregation UEs compared to single carrier UEs. As we know, the main design goal of carrier aggregation is to improve the UE peak rate and trunking capability. Increasing near base station coverage for carrier aggregation UEs relative to single CC UEs does not seem to be an essential feature. Note that single CC Rel-10 UEs with eDL-MIMO and UL-MIMO will still have the same maximum input level performance as in Rel-8/9.

Based on the discussion above, it is reasonable to adopt proposal 2, i.e., maintain the Rel-9 definition of maximum input level at the antenna port for carrier aggregation UEs. This would allow a consistent near base station coverage for all UEs. 

Proposal A: maintain the same definition of maximum input level for intra-band carrier aggregation.

On the other hand, further studies might be required to verify potential improvements in LTE UE FE dynamic range. In principle it should not be expected that the maximum input level at the antenna port could increase with the # of component carriers. In the case of DC-HDSPA, a maximum input level of -22 dBm is defined for a dual-carrier 10 MHz receiver at both 16QAM and 64QAM set points [3]. However, further studies are required to validate whether such an input level is feasible for a wider band system such as CA_1C and CA_40C at 40 MHz bandwidth. We suggest to leave this requirement as [-25 dBm] as in Rel-8/9 for the time being. The group should evaluate the receiver performance at -22 dBm and revisit the requirements in the future.
Proposal B: Leave the maximum input level is at [-25 dBm].
2) CA_X-Y  (Inter band non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)
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7.4A
CA UE maximum input level

This is defined as the maximum mean power received at the UE antenna port over the aggregated channel bandwidth for intra-band contiguous carrier aggregation, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier.

7.4A.1
Minimum requirements

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels over each component carrier as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.4.1. 

Table 7.4.1-1: Maximum input level for intra-band contiguous CA

	Rx Parameter
	Units 
	Aggregated channel bandwidth

	
	
	
	
	CA_C
	
	
	

	Wanted signal  mean power
	dBm
	[-25]

	Note:

1.  The transmitter shall be set to 4dB below PUMAX at the minimum uplink configuration specified in Table 7.3.1-2 on the UL carrier that is closest to the DL carriers.

2.  Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
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