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1. Introduction

In Rel-10 eICIC, restricted subframe measurements (RRM, RLM and CSI) was introduced for TDM ICIC for enhancing non-CA based HetNet operation. RAN1 is investigating the feasibility of both transmit and receive side enhancements as part of Rel-11 FeICIC WI [1]. In RAN1 #66bis, the following key decisions were made:
· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS

· Receiver-based solutions 

· PDSCH muting as described in R1-113573
· Relation with PDCCH is studied.

·  Impact on overhead should be studied.

In an earlier contribution [2], we had presented link simulation performance results for the following cases:
· PBCH performance for serving cell under CRS and PBCH interference from a neighbor cell
· PSS/SSS performance for serving cell under PSS/SSS interference from a neighbor cell
· PDCCH performance under CRS & PDCCH interference from a neighbor cell (with and without colliding CRS) 
But, in those simulations, results were only shown for Rel-9 baseline (MRC/MMSE) receiver without any receiver side enhancements. In this contribution, we consider PDCCH link performance with a LLR nulling receiver for mitigating the impact of aggressor cell CRS interference. 
2. Link performance under CRS interference

CRS is always present in an ABS on at least symbol #0 for 2 Tx (with index starting from #0) and symbols #0 and #1 for 4 Tx. In this contribution, we focus on PDCCH performance under CRS-only interference which is amenable to receiver side methods such as LLR nulling. 
Figs. 1-4 show PDCCH BLER performance for non-colliding CRS case at different C/I levels under CRS-only interference. DCI 1A (43 bit payload) with 4 and 8 CCE aggregation was simulated.  NCTRL = 3 symbols for PDCCH (by higher-layer configuration) was used for the serving cell and as a result, ideal PCFICH knowledge was assumed, where NCTRL denotes the number of OFDM symbols used for PDCCH transmission. NCTRL = 1 OFDM symbol was used for the interfering cell. Additional simulation assumptions are outlined in Appendix A.
	[image: image1.png]12 10 3 2
0.1 \l;
N
— SN
[ —e—=c/l=Inf A
b —m-C/1=-12dB \\
001 ———— —4—C/I=-10dB
= NN\
c/1=-8ds X
\
——C/l=-6dB N\ \
0.001 \
\

0.0001





	[image: image2.png]1 ° .
01
[ ——/i=inf
01 L —m-C/=12dB

=@—Nonulling, ¢/l = Inf

0.001

0.0001






	Fig. 1 -  PDCCH (DCI 1A / 4 CCEs) with Rel-9 baseline receiver.
	Fig. 2 -  PDCCH (DCI 1A / 4 CCEs) with Rel-9 baseline receiver + LLR nulling.
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	Fig. 3 -  PDCCH (DCI 1A / 8 CCEs) with Rel-9 baseline receiver.
	Fig. 2 -  PDCCH (DCI 1A / 8 CCEs) with Rel-9 baseline receiver + LLR nulling.


From Fig. 2, for 4 CCEs, there is a 1 dB degradation due to loss of REs owing  to LLR nulling (or equivalently, an increase in PDCCH code rate) even when there is no aggressor cell interference. On the other hand, the loss due to increase in aggressor cell interferer power only leads to a small (< 0.5 dB) loss relative to the no interference case. For 8 CCEs, the loss seems to be even smaller. For smaller aggregation levels, error flooring was observed for large interferer powers (e.g., [2][4]) even when there was CRS only interference from the aggressor cell. But, LLR nulling seems to mitigate this problem. 
Observation: LLR nulling applicable to dominant aggressor cell CRS REs is a viable approach for mitigating interference under handover offset of -6 to -12 dB.

LLR nulling approach may or not be extensible to multiple aggressor cells. For example, for 4 Tx, PDCCH transmission in the first two OFDM symbols are lost due to LLR nulling as the two aggressor cells have different vshift values. So, even with NCTRL = 3 and 8 CCEs, only 8/3 = 2.67 CCEs are available on an average for PDCCH transmission. RAN1 must investigate this aspect further. 
3. Conclusions
In this contribution, initial results for PDCCH demodulation with LLR nulling were presented. CRS only interference from the aggressor cell was considered and it was shown that LLR nulling is a feasible method for mitigating the impact of CRS interference in the non-colliding CRS case. Further investigations in RAN1 must consider whether LLR nulling is feasible for mitigating CRS interference from more than 1 aggressor cell.
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5. Appendix A

Table 1 summarizes the general simulation assumptions.

Table 1

	Parameter
	Value

	Scenario
	(1) Two cell link – independent fading modeled

(2) 10 MHz system BW

(3) Normal CP both serving cell and interfering cell

(4) Perfect time alignment between serving cell and interfering cell

	Antenna configuration eNB/UE 
	2 Tx for both serving and interfering cells

	PCIDs (serving cell, interferering cell) and CRS collision
	non-colliding CRS case – PCID pair (60, 95)

	Propagation Channel
	Serving cell: ETU 3 kmph

Interfering cell: EVA 3 kmph

	Receiver
	(1) Rel-8/9 baseline
(2) Rel-8/9 baseline + LLR nulling applied too aggressor cell CRS REs

	Interference modeling
	· At the UE receiver: serving cell signal power I, Interfering cell signal power (I) and AWGN noise power (N).

· Signal to Interference plus Noise Ratio (SINR) for overlapping REs = C/(I+N) assuming static channels

· SINR for non-overlapping REs = C/N assuming static channels

	Signal to Interference (C/I)
	C/I = 100 dB (i.e., noise limited), 0 dB, -8 dB and -16 dB

	PDCCH parameters
	1. Serving cell: NCtrl = 3 OFDM symbols in control region

2. 2 Tx SFBC
3. DCI 1A with 4 and 8 CCE aggregation.


	ABS configuration
	1. synchronous: (1) subframes #0, #4, #5 and #9 normal subframe ABS, 

2. (2)  subframes #1, #2, #3, #6, #7 and #8 MBSFN subframe ABS
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