3GPP TSG-RAN WG4 Meeting #57

       R4-104746
Jacksonville, USA, Nov 15-19, 2010
Agenda Item:
15.5.1
Source: 
Motorola 
Title: 
Updated Downlink Performance Results for eICIC
Document for:
Discussion

1. Introduction
In RAN4 2010 AH#4, the specification of RAN4 requirements pertaining to RRM, RLM and CSI due to TDM partitioning of DL resources in the context of non-CA based eICIC were discussed. The way forward proposed on the RAN4 reflector indicates that Rel-8/9 baseline receiver is also the baseline receiver for eICIC-related RLM/RRM requirements as per the current RAN1 decision. 
As per the RAN1 LS [1], an almost blank subframe (ABS or ABSF) always contains CRS and in addition may contain critical channels such as PSS, SSS, PBCH, Paging, SIB1, and PRS (and possibly CSI-RS, which is FFS in RAN1). When transmitted, these ABSF signals can interfere with a serving cell transmission and if significantly stronger (by RSRP) than the serving cell transmission, they can potentially degrade the serving cell signal quality. 
In [6], results for PDCCH performance in the presence of interference from interfering cell CRS and PDCCH were presented. In this contribution, we present simulation results for PBCH performance under interference from neighbor cell CRS and PBCH that can be present in neighbor cell ABSFs. The simulation assumptions are as shown in Annex A.

2. PBCH performance under CRS and PBCH interference

CRS is always present in an ABSF on at least symbol #7 for 2 Tx (with index starting from #0) and symbols #7 and #8 for 4 Tx in non-MBSFN ABSFs. Therefore, neighbor cell CRS transmitted in non-MBSFN ABSFs always interfere with the desired PBCH signal if non-ABSFs are used. On the other hand, there is no interference to PBCH if such MBSFN ABSFs are configured by the neighbor cell when the serving cell transmits subframe #0. 
Fig. 1 shows PBCH BLER performance for the non-colliding CRS case at different C/I levels under CRS interference. Rel-8/9 baseline receiver was used in these simulations.

In synchronous deployments (e.g., TDD), since subframe #0 of all cells are aligned, PBCH transmitted by neighbor cell always interferes with serving cell PBCH (irrespective of whether the neighbor cell subframe #0 is an ABSF). Therefore, PBCH performance under interference from neighbor cell PBCH transmission was evaluated. In these simulations, interfering cell transmits PBCH in a normal ABSF along with CRS. Fig. 2 shows PBCH BLER performance for this case.
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	Fig. 1. PBCH performance under CRS interference (non-colliding CRS case) 
	Fig. 2. PBCH performance under PBCH interference (non-colliding CRS case)


For the CRS only interference case, the degradation at C/I = -16 dB relative to no interference is about 5 dB, while that for C/I = -8 dB is less than 1 dB. However, for the PBCH interference case, there is error flooring at C/I = -8 dB. This is consistent with the results shown for PBCH performance under normal subframe interference in [7]. (In [7], PBCH BLER is shown to error floor for C/I = -5 dB.) 
3. Reliable PBCH Decoding
System information acquisition is necessary in initial cell selection, connected mode (HO) and idle mode (reselection). It is also necessary to support the SON ANR function. In addition, when there is a system information change, a paging message indicating system information change is broadcast in which event, all UEs in the network must re-acquire system information starting from PBCH (i.e., decode MIB, SIB1, SIB2, etc.). Failure to acquire the system information leads to barring of the cell and/or of the carrier.

In order that reliable system information acquisition is possible, subframe #0 must be aligned with MBSFN ABSF or a normal subframe ABSF with CRS only transmission. This is possible with subframe shifting for FDD [3] by shifting the neighbor cell transmission by 2 ms (or other suitable values) relative to the serving cell transmission. Therefore, it may be possible to support an operating points lower than C/I = -8 dB for FDD (of course, UE dynamic range considerations will likely limit the C/I at which reliable PBCH decoding is possible).

However, subframe shifting is not considered feasible for TDD. Therefore, the operating point for TDD seems to be lower bounded by C/I = -8 dB for both macro/pico (i.e., range expansion) and for macro/femto (i.e., macro UE idle mode coverage extension). 
Observation 1: If operating points close to C/I = -8 dB are desired, techniques for protecting PBCH transmission should be considered for TDD since subframe shifting is not considered feasible for TDD.
4. PSS/SSS and Cell Identification

Cell identification performance under interference from neighbor cell PSS/SSS (i.e., synchronous case) was extensively studied in Rel-8 time frame in RAN4. It was observed that for most PCID pairs (for target and interfering cells), at least 90% detection rate is possible to achieve at C/I = -6 dB within a 800 ms acquisition time. It was noted in several contributions including [9] and [10] that, the acquisition time increases to 1000 ms for certain PCID pairs at C/I = -7 dB and is much in excess of 1000 ms at C/I = -8 dB. Therefore, RAN4 decided to define cell search core requirements at a geometry of -6 dB for Rel-8.
The subframe shifting solution for FDD can result in an neighbor cell ABSF subframe overlapping with subframe #0 and/or subframe #5 (if suitably coordinated). Assuming that the OFDM symbol timing is aligned (e.g., within say 5 us at the eNBs) in the subframe shifting solution, PSS/SSS can be protected in normal subframe ABSFs by not scheduling SIB1/Paging PDSCH in the center 6 PRBS. Alternately, MBSFN ABSFs can be configured in the neighbor cell to align with serving cell subframe #0 and/or subframe #5 to eliminate neighbor cell interference to PSS/SSS.

Observation 2: Since subframe shifting is not considered feasible for TDD, alternate methods for PSS/SSS acquisition are necessary to enable low C/I operation (< -6dB). 

5. Discussion and Conclusion
Simulation results for PBCH performance under CRS and PBCH interference were studied. It is noted that, C/I = -8 dB is feasible operating point under CRS only interference, but there is significant performance loss under PBCH interference at this C/I level. Therefore, for FDD, subframe shifting with suitable ABSF coordination to ensure that a neighbor cell ABSF overlaps with serving cell PBCH transmission seems necessary to enable reliable system information acquisition for operation points below C/I = -8 dB. However, for TDD, since subframe shifting is not considered feasible, alternate methods must be studied to enable low C/I operation in both macro/pico and macro/femto scenarios.
Observation 1: If operating points close to C/I = -8 dB are desired, techniques for protecting PBCH transmission should be considered for TDD since subframe shifting is not considered feasible for TDD.

Observation 2: Since subframe shifting is not considered feasible for TDD, alternate methods for PSS/SSS acquisition are necessary to enable low C/I operation (< -6dB). 
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7. Annex 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: EPA 3 kmph

Interfering cell: EPA 3 kmph

	Receiver
	Rel-8/9 baseline

	PBCH
	(1) Soft-combining within 40 ms TTI
(2) BLER is probability of decode failure for decode attempt within a 40 ms TTI

	Interference modeling
	· At the UE receiver: serving cell signal power (C), 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








