3GPP TSG-RAN WG4 Meeting #77                                                               R4-157552
Anaheim, USA, 16th-20th November, 2015
Agenda Item:
7.4.2
Source: 
Ericsson
Title: 
Discussions on candidate receivers using EIRC for synchronous network for PDCCH/PCFICH/PHICH
Document for:
Discussion
1 Introduction

In RAN4#76bis meeting the following agreement was made for the receiver type for PDCCH/PCFICH/PHICH with E-IRC receiver.
· IM receiver structures for PDCCH/PCFICH/PHICH 
· Synchronous network scenarios: 
· Option 1: E-LMMSE-IRC
· Option 2: E-LMMSE-IRC + CRS-IC
· Option 3: LMMSE-IRC
· Option 4: LMMSE-IRC + CRS-IC
· Asynchronous network scenarios: LMMSE-IRC
· The above IM receiver structure is for information.
· Companies are encouraged to bring further inputs on the E-LMMSE-IRC receiver assumptions
· Clarifications on the E-LMMSE-IRC receiver structures in terms of the type of the reconstructed covariance matrix and number of co-processed REs 
· Assumptions on interferer PDCCH region duration 
· Assumptions on interferer PDCCH/PHICH/PCFICH power boosting and loading
In this contribution we provide details on E-IRC receiver on the covariance matrix construction for different number of co-processed REs together with simulation results and proposal on the receiver type under different conditions. 
2 Discussion on E-MMSE-IRC receiver 
As stated in [1] there could be different types of E-IRC depending on the number of co-processed REs targeting on different performance under different conditions, e.g. EIRC1, EIRC2, EIRC3 and EIRC4 considering constructing the covariance matrix with 1 to 4 REs respectively.
When we assume one SC and two NCs the received signal is taken as a combination as following including both interference and noise.
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Then the weight and the covariance matrix are listed as following
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For MMSE-MRC or MMSE-IRC receiver the covariance matrix takes all the interference and noise into one as folowing. [image: image10.png]R, =0c2H HE +R,



  where is estimated e.g. using residuals obtained after subtracting SC CRS and For MRC [image: image12.png]


 is assumed to be diagonal. 
But for E-MMSE-IRC receiver which could get the channel estimation from the neighboring cels the covariance matrix and weight could become as following.
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When demodulating TxDiv, 2 SC REs are handled together, thus interference and noise covariance should be estimated over (at least) 2 REs
· EIRC1 assumes no correlation between REs when estimating interference covariance matrices
· EIRC2 takes correlation between REs into account when estimating interference covariance matrices
· EIRC3 takes correlation among REs into account when estimating interference covariance matrices taking into account the CRS among the three REs
Proposal 1: Consider E-MMSE-IRC with multiple REs constructed in the covariance matrix for different conditions, e.g. under colliding CRS or non-colliding CRS case, or with or without CRS-IC, etc.
3 BLER results for different E-IRC receivers
The following results are based on CCE=4, CFI=1, full load on NC, EVA70 low, and different receiver types as stated above, where the interference level is using high INR from NAICS scenario, for 2 NCs for evaluation purposes.  The results of PDCCH are shown with dependence from PCFICH.
3.1 Practical channel estimation

3.1.1 Non-colliding CRS without CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 1 BLER of PCFICH and PDCCH under practical channel with non-colliding CRS w/o CRS-IC

3.1.2 Non-colliding CRS with CRS-IC
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(b) PDCCH

Figure 2 BLER of PCFICH and PDCCH under practical channel with non-colliding CRS w CRS-IC

3.1.3 Colliding CRS without CRS-IC
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(a) PCFICH










 


(b) PDCCH

Figure 3 BLER of PCFICH and PDCCH under practical channel with colliding CRS w/o CRS-IC

Proposal 1: EIRC2 without CRS-IC can be used for colliding CRS case and EIRC3 with CRS-IC or EIRC1 without CRS-IC can be used for non-colliding CRS case under synchronous network.

Proposal 2: EIRC2 with and without CRS-IC can be used under synchronous network for PHICH.

3.2 Iterative channel estimation
3.2.1 Colliding CRS without CRS-IC
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(b) PDCCH

Figure 4 BLER of PCFICH and PDCCH under iterative channel with colliding CRS w/o CRS-IC

Proposal 3: Apply iterative channel estimation in order to further improve the performance of using E-IRC for colliding CRS under synchronous network.

4 Conclusion

This contribution provides more details of different receiver types of E-IRC and results with proposals as following.
Proposal 1: EIRC2 without CRS-IC can be used for colliding CRS case and EIRC3 with CRS-IC or EIRC1 without CRS-IC can be used for non-colliding CRS case under synchronous network.

Proposal 2: EIRC2 with and without CRS-IC can be used under synchronous network for PHICH.

Proposal 3: Apply iterative channel estimation in order to further improve the performance of using E-IRC for colliding CRS under synchronous network.
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