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 Motivation 
 Bring more 4-Rx capable UEs into the ecosystem, therefore UEs with a new capability are introduced

 4-Rx and 4x4 MIMO (Rank-4)
 Highest probability of 4x4 MIMO (Rank-4 pre-coded at eNB) is when at least DL Rank-4 QPSK has better scattering 

multipath channel metrics than Rank-2 64QAM

 Based on SNR vs RSSI performance of a UE, and majority of mobile environments, Rank-4 or 3 is highly unlikely for      
UL > 0dBm (or DL < -55dBm) 

 At low DL power levels (high UL power) 4-Rx used in Rank-2 MRC type combining rather than pure Rank-4 

 Benefits
 Increased capacity in a Cell since more and more UEs are 4-Rx Capable

 Lower cost UEs, more space to implement low envelop correlation Antennas needed for better Rank-4 performance

 Implementation
 UE (a) Only 3rd and 4th Receivers do not have RF filters before LNA: more volume for efficient 4Rx ANTs, lower cost 

(b) UE will opportunistically choose Half-Duplex via blanking 3rd and 4th Rx
 legacy 2 Rx performance is guaranteed, 4-Rx performance boost when UL SFs not colliding with DL SFs in time

 eNB (a) When UL > 0dBm (or DL < -55dBm) and when Rank-4 or Rank-3 is scheduled in DL, proposal is to implement 
enhanced scheduler to create Half-Duplex

 Signaling - Add capability Bit to identify “lower complexity higher order MIMO” Devices
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4Rx UE functionality in the Network 

 for UL < 0dBm  simultaneous UL-DL allocation on 3rd and 4th Rx allowed for most field condition

 for UL > 0dBm, no simultaneous UL-DL allocation
 Rank-4, Rank-3 scheduled in DL cases, proposal to implement eNB enhanced Scheduler to create Half-Duplex

 Rank-2, Rank-1 scheduled in DL cases, UE will opportunistically choose Half-Duplex via blanking 3rd and 4th Rx
 legacy 2 Rx performance is guaranteed, 4Rx performance boost when UL SFs not colliding with DL SFs in time.

 Knowledge of UL grant ~3ms prior to blanking 
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Filterless on 3rd and 4th SNR Boost in Half-Duplex
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UE blanking 3rd and 4th Rx - Half-Duplex   

Tx ~ 0 dBm, Rx ~ -55 dBm

 All 4 receive chains are used to boost SNR in any given Rank 
 e.g. Rank-2 can use all 4 Rx to boost SNR compared with 2 Rx
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UL-DL collision in time analysis based on field logs ( Rank 2 only) 

 For TX powers larger than 0dBm ( where Rx SNR degradation increases), Average UL-DL collision in time is 31%

 4-Rx will be used in MRC type combing scheme to boost Rank-2 SNR when Rank-4 is not scheduled in DL which is the 
likely case for UL >0dBm, hence filter-less 3rd and 4th Rx can still benefit from SNR boost in no-UL-DL overlap SFs

Criteria for searching for UL/DL 

time-overlap % in field logs
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UL power level and relationship to DL power level and DL SNR
 UL power level is related to DL power level and UL TPUT
 UL > 0dBm typically crosses with DL <-55dBm

 DL <-55dBm like hood of Rank-4 is rare due to poor SNR from increasing Thermal Noise dominance 

Google Maps Drive Test on major US carrier
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Field Log on 4x4 MIMO (example log from Seattle)

 Observations 
 Difficulty in maintaining Rank-4 in good SNR strong DL levels

 High Tx-Rx collision rate is not an issue since UL level is below 0dBm
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Filter-less 3rd and 4th Receiver blocking 

Tx = +28dBm0dBm < Tx ≤ +23 dBm

Tx ≤ 0 dBm

Rx3
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Rx1: PRx
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 OOB -15dBm 3GPP exceptions
 with filters, exceptions are needed at LNA IIP2 frequencies

 24 exceptions may be used at LNA IIP2 (OOB = Tx+Rx) and IIP3(OOB = 2Tx-Rx)

 Tx -10dBm instead of +20dBm in 3GPP OOB test case for <REFSENS> + 6dB

 Adjacent UE 1m away: +23dBm - Path Loss 38dB = -15dBm at 3rd and 4th Rx < -10dBm limit

 No impact to IBB since IBB blockers are inside filter passband 

RFIC

LO     2LO    3LO
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3GPP RF Specification Proposal

 Add capability Bit to identify “lower complexity higher order MIMO” Devices per band

 For such devices, introduce 2 REFSENS tests
 +23 dBm Tx: 4Rx UE’s REFSENS is same as 2Rx REFSENS

 -20 dBm Tx: 4Rx UE’s REFSENS is same as 4Rx REFSENS - captures 4Rx benefits when UE is 
not transmitting while receiving

 For such devices, OOB Range-3 spec <REFSENS> + 6dB likely to be met with -10dBm Tx since 
UE is in Half-Duplex mode



© 2011 QUALCOMM Incorporated. All rights reserved. 9

©2011 Qualcomm Incorporated. All rights reserved. Qualcomm is registered trademark of Qualcomm Incorporated. 

All the trademarks or brands in this document are registered by their respective owner.

QUALCOMM Incorporated, 5775 Morehouse Drive, San Diego, CA 92121-1714

9


