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1. Introduction

Time domain inter-cell interference coordination (ICIC) for control channels is supported by applying almost blank subframes (ABS). However, cell specific reference signals (CRS) still need to be transmitted in ABS for legacy UE support, and thus, interference to the victim cell still remains. The PCFICH, which indicates the control channel format indicator (CFI), is especially sensitive to the interference from the CRS of an aggressor cell, because the PCIFCH can be mapped only to the first OFDM symbol in a subframe. One solution for protecting the PCFICH is to use an extended PHICH. When the PHICH duration is extended, a UE assumes that the CFI equals the PHICH duration [1]. The extended PHICH duration depends on whether or not the subframe is an MBSFN subframe. Thus, this contribution proposes to include the MBSFN subframe configuration in the handover command. This enables the UE to know the CFI value of each subframe without decoding the PCFICH after handover to the victim cell.
2. Time Domain ICIC and Control Channel Protection Using ABS

Figure 1 illustrates a macro-pico deployment scenario. Traffic can be offloaded to pico-cells by employing cell range expansion (CRE). CRE can be achieved through the handover (HO) procedure from the macro-cell to the pico-cell by applying a positive bias (Ocn/Ocs). RAN1 has so far observed a performance benefit from CRE with low to moderate bias values [2]. By applying CRE, the range expanded pico-UEs suffer from an increased level of interference from the macro-cell, and thus inter-cell interference coordination (ICIC) could be applied. 
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Figure 1: Traffic offloading to pico-cells by cell range expansion (CRE) by handover
Figure 2 shows an example of time domain ICIC using ABS. In Fig. 2, the ABS is configured to protect PBCH/PSS/SSS/SIB-1/Paging (in subframe#9). Configuring the MBSFN subframes in the macro-cell on top of the ABS will further avoid interference to the PDSCH region in the pico-cell. Nevertheless, as shown in Fig. 2, CRS on the first OFDM symbol transmitted from the macro-eNB interferes with the PCFICH, PHICH, and PDCCH in the pico-cell. The PDCCH and PHICH can be mapped to three OFDM symbols by setting the CFI to three OFDM symbols and extending the PHICH duration (so that the PHICH spans three OFDM symbols), respectively. Thus, the interference to the PDCCH and PHICH from the macro-CRS can be mitigated. However, since the PCFICH is mapped only to the first OFDM symbol, employing an additional PCFICH mechanism would be beneficial in ensuring correct PCFICH decoding, which is required to decode the PDCCH.
[image: image2.emf]Macro-cell

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Pico-cell

#8 #9 #0 #1 #2 #3 #4 #5 #6 #7

Interference to

PCFICH/PDCCH/PHICH


Figure 2: Time domain ICIC by using ABS
· Figures 3(a) and 3(b) show the BLER performance of the PDCCH and PCFICH, respectively. Simulation parameters are given in Table 1. ABS is used in the macro-cell, and the SIR is the average received signal power ratio of the CRS between the pico-eNodeB and macro-eNodeB.  Figure 3(a) shows that by setting the PDCCH span to 3 OFDM symbols, the PDCCH performance degradation due to CRS from the aggressor cell is mitigated almost completely.  Slight performance degradation is observed until the SIR reaches -10 dB. On the other hand, Fig. 3(b) shows that the degradation of approximately 3.0 dB occurs for SIR = -10 dB at the BLER of 1%. Furthermore, an error floor is observed above the BLER of 1% for SIR = -15 dB. Thus, PCFICH performance degradation is observed even with medium bias values between -5 dB and -10 dB. 
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Figure 3: BLER performance of L1/L2control channels of pico-cells with macro-cell interference from CRS (SIR: average received signal power ratio of CRS between pico-eNodeB and macro-eNodeB)

Table 1: Simulation parameters
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Observation: 

· The PCFICH performance is much more sensitive to the interference from the CRS transmitted from the aggressor cell than the PDCCH performance.
· Since PCFICH needs to be decoded correctly to decode the PDCCH, reliable PCFICH reception should be ensured. 
3. PCFICH Protection

One simple solution for protecting the PCFICH is to apply implicit semi-static PCFICH indication using an extended PHICH. Reference [3] specifies the PHICH duration for normal and extended PHICH duration cases, as cited below. Table 6.9.3-1 therein shows that when the PHICH duration is extended, the PHICH duration is given below.
· Two OFDM symbols – for MBSFN subframes and Subframes 1 and 6 for frame structure type 2 in non-MBSFN subframes.

· Three OFDM symbols – for all other cases.

	== TR36.211 (Section 6.9.3) ==

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes.

PHICH duration

Non-MBSFN subframes

MBSFN subframes

Subframes 1 and 6 in case of frame structure type 2

All other cases

on a carrier supporting PDSCH 

Normal

1

1

1

Extended

2

3

2




Furthermore, as cited below, [1] specifies the UE behavior when the PHICH duration is extended and shows that the CFI is fixed to the PHICH duration when the PHICH duration is extended and the system bandwidth is greater than 10 RBs. 

	== TR36.211 (Section 6.9.3) ==

9.1.3  
Control Format Indicator assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1 in [3].  The duration signalled puts a lower limit on the size of the control region determined from the control format indicator (CFI).  When 
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, if extended PHICH duration is indicated by higher layers then the UE shall assume that CFI is equal to PHICH duration.


Considering that CRE is accompanied by handover, the above specifications imply that if the MBSFN subframe configuration information is added to the handover command, the UE could determine the CFI of each subframe in the pico-cell after handover without decoding the PCFICH. The handover procedure is summarized as follows.

	Step 1: A UE is handed over from the macro-cell to the pico-cell with CRE.


(The UE is informed of the MBSFN subframe configuration of the target cell (pico-cell) using the handover command.

Step 2: After handover to the pico-cell, the UE performs cell search.


( The UE obtains the subframe number.

Step 3: After handover to the picocell, the UE decodes the PBCH. 


( The UE is informed of the PHICH duration and system bandwidth.

( If the PHICH duration is extended and the system bandwidth is greater than 10 RBs, the UE can determine the CFI of each subframe in the pico-cell without decoding the PCFICH.


Finally our proposal is summarized as follows.
Proposal: 

· MBSFN subframe configuration is included in the handover command.
· More specifically, MBSFN-SubframeConfig IE is added to RadioResourceConfigCommon IE that is included in MobilityControlInfo IE, which is signaled to the UE upon handover. 

4. Conclusion

This contribution investigated the necessity of protecting the PCFICH in time domain ICIC using ABS. It was shown that the PCFICH performance is sensitive to the interference from the CRS transmitted on ABS from an aggressor cell, and thus PCFICH protection is beneficial. 

One solution for protecting the PCFICH is for the network to configure the extended PHICH duration. In such a case, the UE assumes that the CFI equals the PHICH duration, where the extended PHICH duration is as given below.
· Two OFDM symbols – for MBSFN subframes and Subframes 1 and 6 for frame structure type 2 in non-MBSFN subframes.

· Three OFDM symbols – for all other cases.

Considering that CRE is realized by biased handover, if the MBSFN subframe configuration is included in the handover command, the UE can determine the CFI value of each subframe without decoding the PCFICH after handover to the victim cell with CRE. Thus, our proposal is given below.
Proposal: 

· MBSFN subframe configuration is included in the handover command.
· MBSFN-SubframeConfig IE is added to RadioResourceConfigCommon IE that is included in MobilityControlInfo, which is signaled to the UE upon handover as shown 
· Suggested change of RadioResourceConfigCommon IE is shown below.
RadioResourceConfigCommon ::=

SEQUENCE {


rach-ConfigCommon




RACH-ConfigCommon




OPTIONAL,
-- Need ON


prach-Config





PRACH-Config,


pdsch-ConfigCommon




PDSCH-ConfigCommon




OPTIONAL,
-- Need ON


pusch-ConfigCommon




PUSCH-ConfigCommon,


phich-Config





PHICH-Config





OPTIONAL,
-- Need ON


pucch-ConfigCommon




PUCCH-ConfigCommon




OPTIONAL,
-- Need ON


soundingRS-UL-ConfigCommon


SoundingRS-UL-ConfigCommon


OPTIONAL,
-- Need ON


uplinkPowerControlCommon


UplinkPowerControlCommon


OPTIONAL,
-- Need ON


antennaInfoCommon




AntennaInfoCommon


OPTIONAL,
-- Need ON


p-Max







P-Max







OPTIONAL,
-- Need OP


tdd-Config






TDD-Config






OPTIONAL,
-- Cond TDD


ul-CyclicPrefixLength



UL-CyclicPrefixLength,

...,


[[



mbsfn-SubframeConfigList-r10
MBSFN-SubframeConfigList


OPTIONAL
-- Need OP


]]
}

References
[1] 3GPP, TS 36.213, “TSG RAN, E-UTRA, Physical layer procedures (Release 10).” 

[2] 3GPP, R1-106410, MCC Support, “Final report of RAN1#62bis meeting.” 

[3] 3GPP, TR36.211,  “TSG RAN, E-UTRA, Physical Channels and Modulation.”
- 1/5 -

_1352046783.unknown

