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1 Introduction
The maximum sensitivity degradation (MSD) is an allowed relaxation for some combinations of bandwidths and operating bands when the UL resource block allocation is the maximum number of resource blocks supported by the channel bandwidth. This means that a user is receiving the full downlink RB resource data at reference sensitivity level while transmitting maximum uplink RB resource data.

In LTE-A system, carrier aggregation and UL high order MIMO have been adopted, which changes the self interference power level. Self-interference caused by transmitter noise would be significant due to large RX/TX pass bandwidth and small RX-TX duplex gap. Carrier aggregation enables UE allocation more downlink/uplink RB resource, TX leakage noise falling into RX bandwidth will be larger compared to LTE. Bandwidth impact to REFSENS has been analysed in [1].
This contribution mainly analyses multiple antennas coupling influence corresponding to MRC algorithm in diversity mode and proposes possible MSD calculation formula.
2 Self desensitization analysis
Simultaneous two-port testing has been adopted in order to reduce test time in LTE as shown in the right hand of Figure 1. Likewise, In LTE-A system, UL supports maximum four lays data transmission, so simultaneous four-port tests should be supported as shown in the left hand of the Figure 1.
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Figure 1 diversity receive RF structure 
Transmitted signals fall into the receive side and the interferences are very large compared to the small wanted signal. There are two main leakage route, one is that transmitted signal leak to the receive side through duplex or multiplex, the other is that the transmitted signals from other branches couple into the receive side. The attenuation between the branches is governed by the mutual coupling between the branches. For the conductive test the coupling occurs primarily between the duplex filter and antenna connector interfaces, the on-board coupling loss must be much larger for the radio to work.
MSD formula had been proposed in [2] for 1T2R without carries aggregation. Because reference sensitivity has considered the impact of multiple component carries, MSD does not take this factor into consideration.
2.1
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where Lrx is the receive insertion loss, atx-rx the duplexer isolation, B the bandwidth and  a margin for the TX noise that is already implicit in the REFSENS values above. Fmax is the noise factor assumed for the reference sensitivity. Lcpl is the coupling between the branches, and Pout is the PA power output before the TX filter of the duplexer.

Considering multiple antennas receiver synchronously multiple antennas transmission, each antenna receives self interference signal and the sum interference from other branches. Maximum ratio combination (MRC) has been assumed for SIMO antenna configuration. In this contribution the standard combining weights for MRC are not optimal, other weights may suppress the correlated terms that in addition to the uncorrelated noise. 
The received signal is given by
2.2        
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Where
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is weight for branch ith. s is the receive signal. 
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is noise floor excluding the TX interference. 
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is desensitization from self branch and 
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is sum of desensitization from other antennas coupling. The SNR of each branch is given below
2.3 
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where E signifies expectation and V variance. Supposing noise floor performance for each branch is same，which  means
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 . Because noise floor for each branch is uncorrelated, 
[image: image11.wmf]2

2

()

iin

EwnwiV

=

åå

.
In order to simplify self desensitization and branch couple desensitization, we suppose that signals from each branch are uncorrelated when UE transmit four lays data because four lays precoding matrix is identity matrix [3]. We define 
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Where 
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c is the multiple antennas coupling coefficient, its normalization power is 
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Supposing that each branch has same gain and transmission signal is uncorrelated, the standard weights gi for ith branch with the noise estimated are
(2.5)
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Applying the weights (2.5) and self desensitization on the combined SNR in (2.3) then yields the familiar sum of the per-port SNR as shown below in (2.6).
 (2.6) 
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The approximate formula is reasonable if we suppose that the signal and interference from other branch are uncorrelated and each channel gain is balance. So combined SNR is the sum of SNR of each branch. This is the case for self desensitization and coupling desensitization consideration, not for worst case for IMD product falling into the receive band, for which the combined SNR may have some optimal.
The MSD requirement increases the signal power (in dB) to maintain the combined SNR when there is particular desensitization in receive antenna compared to there is no desensitization.
(2.7) 
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Where s2 is the signal when there is desensitization, s1 is the signal when there is no desensitization, is a margin for the TX noise that is already implicit in the REFSENS values in special band and uplink RB allocation as described in [1]. We can obtain:
(2.8) 
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3 MSD calculation
MSD for Uplink 4T4R MIMO can been calculated as shown in (2.8). There are other antenna configurations such as 2T4R, 2T2R and so on. We should define their performance independently.
The relationship between noise and interference and antenna are: 
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For the calculation of MSD we assume the following generic data:
· Duplexer loss set to minimum 45 dB (Tx to RX isolation) for all bands

· Duplexer insertion losses at TX and RX of 4 dB [4].
· Branch coupling of Cmut FFS.
· Pout-ant at antenna FFS
· The margin  FFS accounting for TX noise in the REFSENS figures.

· ACLR requirement in CA scenarios FFS
4 Conclusions
The MSD requirement should consider both the self desensitization and the mutual coupling interference between multiple branches in LTE-A system. This contribution proposes MSD calculation formula for UL 4T4R system as MSD requirement initialization work.
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