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1 Introduction

The design of Almost Blank Subframe (ABS) was adopted for Time Domain enhanced Inter-Cell Interference Coordination (TD eICIC) in Rel-10 [1]. The victim cell, which suffers from strong Inter-cell Interference (ICI) imposed by the aggressor cell in the HetNet deployment scenario, may be effectively protected through the employment of ABS in the aggressor cell. This is especially beneficial for control channels, whose quality can be significantly improved [2].
However, according to [1], common control information such as MIB/SIB and paging messages, as well as physical signalling information such as PSS/SSS, PCFICH/PHICH should still be transmitted in ABS to ensure backward compatibility. This means that the above-mentioned control information may not be protected even with ABS enabled. Such issues should be addressed in Rel-11.
In this contribution, we will discuss the open issues in the context of the aforementioned control signalling in HetNet deployment.

2 Analysis of typical scenarios
There are mainly two typical deployment scenarios in HetNet, namely the macro-pico deployment and the macro-closed femto deployment.
For the macro-pico deployment, it was agreed in RAN2 that in Rel-10 the Cell Range Expansion (CRE) function is only available for the UEs in the RRC_CONNECTED mode [3]. This means at least idle-mode UEs do not suffer severe ICI as their connected-mode counterparts do, when receiving system information in macro-pico deployment. However, whether CRE should be applied to idle-mode UEs in Rel-11 remains open. Although no severe ICI issue exists for PUE’s control channel if no CRE is configured [4], it is unclear if ICI would become an issue when CRE is activated for idle-mode PUEs. For macro-femto deployment, there exist some RAN2 solutions [5]
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[7], such as allowing aggressor HeNBs to forward system information of victim macro cell to victim MUEs. However, these solutions are not compatible for Rel-10 UEs.

Generally speaking, there exist a few scenarios:

1. Scenario 1: Rel-10 UEs in macro-pico deployment with CRE enabled;
2. Scenario 2: Rel-11 UEs in macro-pico deployment with CRE enabled;
3. Scenario 3: MUEs in closed femto cells.
In the sequel, we will discuss the above three scenarios in details.

2.1 Scenario 1: Rel-10 UEs in macro-pico deployment with CRE enabled
As discussed above, in Scenario 1, CRE only applies for PUEs in RRC_CONNECTED mode in Rel-10, and therefore there is no ICI problem for idle-mode PUEs. The idle-mode UEs only camp on a cell that provides a sufficiently good RSRP, meaning that the geometry of the physical channels/signals is still within the design budget.

Observation 1: For macro-pico deployment, there is no severe ICI issue for legacy idle-mode PUEs.

On the other hand, for the connected-mode PUEs, although part of the MIB/SIB information can be forwarded to them through dedicated channels by the aggressor cell (for example during a handover procedure from the source aggressor cell to the target victim cell), they have to detect other system information, such as SFN in MIB and SI scheduling information in SIB-1, through the BCCH of victim cell, and thus inevitably suffer severe ICI.
In the SFN synchronization area of Rel-10, the transmissions of PSS/SSS, MIB and SIB-1 will conflict between aggressor and victim cells. Moreover, the PDCCH/PCFICH/PHICH channels of the victim cell are still interfered by the PDCCH transmission of the aggressor cell for its SIB transmissions in ABS, in addition to the interference from aggressor cell’s CRS. For example, the impact of aggressor cell’s strong interference at CRS is shown in Fig. 1.
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Fig. 1: Link level simulation results showing the impact of aggressor cell’s CRS interfering victim cell’s PCFICH

(System BW = 10MHz, PCID = [501, 502], SNR = 30 dB).
As observed from the results in Fig. 1, the assumed PCFICH demodulation BLER requirement of 0.1% [8] will not be met, when the interference power from the aggressor’s CRS becomes higher than 10 dB.
Observation 2: Interference from aggressor’s CRS can not be ignored when large CRE bias values are applied.
When a large CRE bias value is applied, the received SINR from pico cell would be too low for MUEs at macro’s edge. Consequently, these MUEs are prohibited from accessing the pico cell, since they can not reliably detect the pico cell’s PSS/SSS due to the corresponding collision with the channels in the aggressor macro cell. For example, assume that the SINR requirement for PSS/SSS is -8 dB [9] and a CRE bias of 20 dB is applied. This however results in an effective bias of 8 dB, because for those MUEs whose received SINR of pico cell is lower than -8 dB, the existence of the pico cell can not be detected due to the foreseen decoding failures on the pico cell’s PSS/SSS.
The above problems could be even worse, if RAN2 agrees on applying CRE to idle-mode PUEs, as to be discussed in the next section.
2.2 Scenario 2: Rel-11 UEs in macro-pico deployment with CRE enabled
It is shown in [8] that the minimum SINR requirement for PBCH is -8.3 dB. Assume that CRE is applied to idle-mode PUEs, for instance, with a CRE bias of greater than 8.3 dB (for example 10 dB) is configured. Then, the UE located between MeNB and PeNB with a measured SINR from PeNB is -9 dB lower than that from MeNB, would choose to camp on the macro cell, simply because it is not able to successfully decode the PBCH of the pico cell. This means the effective CRE bias is restricted by PBCH’s SINR requirement in Scenario 2. Such an undesirable limitation is similar to the PSS/SSS case discussed in Section 2.1.
Based on the above analysis, it is obvious that no matter whether CRE is applied to connected-mode PUEs only, or applied to both connected-mode and idle-mode PUEs, the ICI on PSS/SSS/PBCH detection/decoding cannot be ignored. We have the following observations:
Observation 3: For connected-mode PUEs in Rel-10, unneglectable ICI issues exist in PCI/system information detection.

Observation 4: No matter CRE is applied to connected-mode and/or idle-mode PUEs, unneglectable ICI issues exist in PCI/system information detection.

We believe the issues mentioned above should be addressed in the e2ICIC WI for Rel-11.

Proposal 1: RAN1 is kindly requested to consider the issues listed in Observations 2, 3 and 4 in the e2ICIC WI for Rel-11.
2.3 Scenario 3: MUEs in closed femto cells
In Scenario 3, MUEs in the proximity of HeNB will suffer strong interference, no matter in idle mode or in connected mode. Even when ABS is configured at HeNB, due to the uncoordinated deployment and loose synchronization requirement for HeNBs, the decoding of PSS/SSS and MIB may still be problematic. Therefore, some further enhancements in RAN1 for Rel-11 should be considered.

Proposal 2: RAN1 based solutions for the PSS/SSS/MIB detection issues arising from the macro-femto deployment should be discussed in Rel-11.
3 Possible solutions
ICI on MIB/SIB, paging, PSS/SSS and PCFICH/PHICH have been raised in RAN1 at previous meetings in Rel-10 stage. Specifically, both subframe offset based [10] and non-subframe offset based solutions [11] were proposed for Rel-10, although no consensus was reached. We suggest that RAN1 revisit these solutions and study their applicability to the above issues.
3.1 Non-subframe offset based solutions

Non-subframe offset based solutions, such as frequency domain solutions [11], exploit the single-carrier band in a CA manner. More explicitly, legacy UEs may use only part of the band, while Rel-11 UEs is capable of utilizing the whole band. However, note that MIB or PSS/SSS information locates at fixed locations of the time-frequency grid. Such constraints on backward compatibility greatly restrict the applicability of frequency-domain solutions.
On the other hand, although interference due to aggressor’s RS energy on PCFICH/PHICH can be avoided by symbols shifting instead of subframe shifting, however, they will result in cross interference between DL/UL subframes in TDD systems, and hence are not applicable to TDD.
Proposal 3: Frequency domain solutions and symbol offset based solutions are not preferred for solving the PCI/system information detection problems.
3.2 Subframe offset based solutions

Subframe offset based solutions and associated pattern designs were proposed in [12]
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[13] in an attempt to avoid PBCH/PSS/SSS/paging collisions between aggressor and victim cells. In addition, they are much easier to be implemented in the FDD systems, where cross interference between DL and UL does not exist. In TDD systems, as proposed in [14], cross DL/UL interference can be solved by configuring fake UL subframes. However, the eNBs are required to be synchronous in SFN, and therefore subframe offset based solutions have standardization impacts on TDD [15].
Proposal 4: Time domain solutions based on subframe offset do not require new RAN1 standardization efforts for FDD, while its standardization impact on TDD should be clarified.
3.3 Discussion on CRE bias setting
Some simulation results for CRE bias = [0, 6, 12, 18] (dB) are given in Tables 1 and 2 for UE placement scheme Configurations 1 and 4b, respectively. The ABS pattern ratio was set to 17% for Config.1 and 32.5% for Config.4b, respectively. Detailed simulation assumptions can be found in [16].
Table 1: Simulation results for Config 1.
	CRE Bias

(dB)
	Spectral efficiency of

HetNet without eICIC (b/Hz)
	Spectral efficiency of

HetNet without eICIC (b/Hz)

	
	Average Cell
	Cell edge
	Average Cell
	Cell edge

	0
	9.649 
	0.075 
	9.524
	0.063 

	6
	9.372
	0.111 
	9.643
	0.111

	12
	9.464
	0.092 
	9.722
	0.127

	18
	8.468
	0.029
	9.191
	0.073


Table 2: Simualtion results for Config 4b.
	CRE Bias

(dB)
	Spectral efficiency of

HetNet without eICIC (b/Hz)
	Spectral efficiency of

HetNet without eICIC (b/Hz)

	
	Average Cell
	Cell edge
	Average Cell
	Cell edge

	0
	10.834
	0.121 
	10.635

	0.079


	6
	10.485 
	0.129
	10.635
	0.135

	12
	9.958 
	0.070
	10.278
	0.127

	18
	9.941
	0.050
	10.437
	0.12


As shown in Tables 1 and 4, the cell edge throughput was significant improved, while cell average throughput was maintained or slightly increased by exploiting ABS for the case of CRE bias value greater than 0 dB. In addition, the best performance was achieved for CRE bias of 12dB in Config. #1, and CRE bias of 6dB in Config. #4b, respectively. However, it should be noticed that for large CRE bias values, for instance 18 dB, both the average cell and cell edge gains dropped in comparison to the cases of HetNet without eICIC and that of CRE bias equal to 0 dB.

Observation 5: Employment of large CRE bias values (e.g. greater than 18 dB) does not help in improving the system performance.
Besides, as discussed in the previous sections, large bias values may hardly be implemented due to PBCH and/or PSS/SSS demodulation requirements and also may lead to PCFICH demodulation problems. Hence, we propose that:

Proposal 5: Large CRE bias values are precluded from performance evaluation of macro-pico deployment in Rel-11 e2ICIC WI. 

4 Conclusion

In this contribution, we have discussed a few HetNet scenarios and showed that ICI issues exist in PBCH/PSS/SSS and paging detections even when Rel-10 eICIC methods are employed. We propose that:

Proposal 1: RAN1 is kindly requested to consider the issues listed in Observations 2, 3 and 4 in the e2ICIC WI for Rel-11.
Proposal 2: RAN1 based solutions for the PSS/SSS/MIB detection issues arising from the macro-femto deployment should be discussed in Rel-11.
Proposal 3: Frequency domain solutions and symbol offset based solutions are not preferred for solving the PCI/system information detection problems.
Proposal 4: Time domain solutions based on subframe offset do not require new RAN1 standardization efforts for FDD, while its standardization impact on TDD should be clarified.
Proposal 5: Large CRE bias values are precluded from performance evaluation of macro-pico deployment in Rel-11 e2ICIC WI.
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