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1 Introduction
In previous RAN4 meetings, the intra-band Non-contiguous CA with shared LNA architecture were discussed[1-4]. One of the key issues is that how to define the maximum allowed power imbalance between DL CCs, especially with non-collocated deployment. In order to make progress for performance requirements definition, the maximum allowed power imbalance between 2DL CCs is further analyzed in this contribution by considering some receiver requirements and RX impairments additionally.
2 Discussion 
The reference UE architecture is defined with dual receiver chain but with shared LNA as shown in Fig.1. Compared to dual LNAs architecture, single LNA architecture has simpler front-end configuration, less insertion loss and coupling loss. However, there existing power imbalance and timing offsets for shared LNA and dual receiver chains. As pointed in[1], when the two component carriers are collocated, then the power imbalance between 2 DL CCs can be ignored, so the current test cases for inter-band CA can be reused since each CC suffers from the similar path losses. But for non-collocated deployment scenario, especially when UE is located at the cell edge of a component carrier as well as closer to the center of a small cell in another carrier, the power imbalance between PCC and SCC is not ignored.   
[bookmark: OLE_LINK251][image: ]
Fig.1 Reference UE architecture for intra-band Non-contiguous CA
From receiver requirements in current specification, two extreme values could be obtained for power imbalance level with non-collocated deployment.
1) Value A: -25dBm-MIN(REFSENSPCC, REFSENSSCC)
For intra-band Non-contiguous CA, the maximum UE input level is -22dBm defined as a sum of mean carrier power received at the antenna ports while both component carriers have equal power, so the maximum UE input level per CC is -25dBm. Meanwhile the minimum UE input level is REFSENS. In current specification, minimum requirement of REFSENS is defined assuming QPSK, hence if for a higher modulation 64QAM, extra demodulation margin should be added. Assume the extreme case that one DL CC work with the maximum input level, while another DL CC work with the minimum input level. In terms of the REFSENS requirement varies with channel bandwidths, tighter requirement is adopted to evaluate the maximum allowed power imbalance level.
2) Value B: -44dBm-(REFSENS+6dB)
As proposed in[4], the maximum power imbalance level could be evaluated using ACS/in-band blocking requirements in current specification when the high power CC is taken as a blcoker. 
For reference Band 3,
· Case1: PCC 5MHz + SCC 20MHz with higher power level 
Assuming 20MHz SCC has stronger receive power than 5MHz PCC. Then SCC is taken as a block signal for PCC, and because the REFSENS level on Band 3 with 5MHz is -97dBm,with limitation of in-band blocking/ACS requirements the maximum power imbalance between 2CCs is -44dBm-(REFSENS+6dB)=47dB to support QPSK demodulation. If for a higher modulation 64QAM, another 19dB should be added to the REFSENS level, then it is changed to 28dB.


Fig.2 Reference case on intra-band Non-contiguous CA Band 3 with 5+20MHz and sub-block gap of 15MHz 

· Case2: PCC 5MHz with higher power level + SCC 20MHz 
Assuming 5MHz PCC has stronger receive power than 20MHz SCC. REFSENS level on Band 3 with 5MHz is -91dBm, thereby the maximum allowed power imbalance is -44dBm-(REFSENS+9dB)=38dB to support QPSK demodulation with limitation of current in-band blocking/ACS requirement. Therefore compare with case2, the maximum power imbalance level is larger for case1, hence -44dBm-(REFSENS+6dB) is extrem value by considering limitation of current in-band blocking/ACS requirements.


Fig.3 Reference case on intra-band Non-contiguous CA Band 3 with 5+20MHz and sub-block gap of 22.5MHz 

In case there still not define the final value XdB for the maximum power imbalance between 2 CCs for intra-band Non-contiguous CA, but the value ranges could be seperated into 3 possible options:
Option1: X > Value A, UE cannot work.
Option2: Value B < X ≤ Value A, if X is within range of option2 then new in-band blocking/ACS should be introduced into specification. 
Option3: X ≤ Value B, then current in-band blocking/ACS requirements are kept.
Additionally, there exits a REFSENS degradation problem for Option2. If there exists large power imbalance, LNA gain will be determined by received power of stronger CC. Due to LNA should be configured with high gain to achieve low NF, if LNA gain switch from stronger CC to weak CC, it would lead to non-optimal LNA gain and weak CC suffer from REFSENS degradation. 
Proposal: The maximum allowed power imbalance level of intra-band Non-contiguous CA with non-collocated applies within range of Option3 in terms of UE performance and implementation complexity. 
For some intra-band Non-contiguous CA cases, REFSENS would be degraded because of RX impairments, i.e. impact of LO phase noise on REFSENS, IMD of interfer signals. Therefore, these RX impairements should be considered when define the maximum power imbalance in performance test.
Obervation: RX impairements should be considered when define the maximum allowed power imbalance in performance test. 
3 Conclusion
In this contribution, the power imbalance between DL CCs for intra-band Non-contiguous CA was discussed and our proposal and observation are as follow
Proposal: The maximum allowed power imbalance level of intra-band Non-contiguous CA with non-collocated applies within range of Option3 in terms of UE performance and implementation complexity. 
Obervation: RX impairements should be considered when define the maximum allowed power imbalance in performance test. 
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