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1 Introduction

In RAN4 #59AH meeting, the remaining open issues in eICIC were discussed in [1], which introduced the impacts of autonomous gaps on restricted measurements. However, for the CGI acquisition requirement, another important issue is that, if the MIB or SIB1 acquisition is not obtained on the ABS subframe, whether the current core requirement of the CGI reporting delay, i.e., 150ms (at most 5 attempts for MIB and SIB1 decoding), is available or not. Therefore, in this contribution, we give the analysis and simulations for the CGI reading performances in eICIC scenario compared with that of Rel-9. Finally, we propose to extend the reporting delay for CGI reading performances in eICIC scenario.
2 Discussion
In this section, the performance of MIB/SIB1 acquisition is discussed in detail. For the candidate ABS patterns, the MIB/SIB1 acquisition can be protected at subframe #0, and subframe #5, respectively. However, if the normal ABS pattern is adopted, taking the lowest ABS density pattern case into account, i.e., 1/8 pattern, it can be seen that, not all the MIB and SIB1 can be protected by ABS subframes. Therefore, the current reporting delay for CGI reading may be not available. 

2.1 Issue in CGI reading under eICIC
Firstly, we analyze the position relation between the autonomous gap and the ABS subframe. If the [1 0 0 0 0 0 0 0 ] pattern is adopted, and if the acquisition of MIB or SIB1 is at the third subframe within the 4ms autonomous gap [2], then the position relation between the autonomous gap and the ABS subframe for MIB acquisition can be shown in Figure 1.
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Figure 1. The position relation between the autonomous gap and the ABS subframe for MIB acquisition
According to Figure 1, it can be seen that, within the 40ms period, there are 2 opportunities that the autonomous gap is overlapped with the ABS subframe. However, in the overlapped cases, only 1 ABS can be utilized for MIB acquisition. Therefore, it exists that there will be successive 3 MIBs acquisition, which can not be protected by the ABS subframe and suffered from the large interference from the aggressor cell. 

For the R9 requirement of the CGI reading, the 5 attempts for MIB and SIB1 are assumed, which is based on simulation results for the different companies. Note that the 5 attempts is derived from that the 3 subframe combinations are utilized for MIB or SIB1 decoding, therefore, for the worst case, there may exist 5 gaps to satisfy the successful decoding. The worst case for 5 attempts is shown in Figure 2. Herein, the total reporting delay of the CGI reading is 5*10+5*20=150ms according to [3]. 
However, as shown in Figure 1, if the successive 3 MIBs or SIBs are not protected by the ABS subframe, thus, the BLER performances will be absolutely decreased due to the large interference. Hence, it is necessary to revisit the CGI simulation under the eICIC scenario.
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Figure 2. The worst cases for MIB acquisition (3 gaps are needed for MIB decoding, totally 5 attempts)
2.2 Simulations for CGI reading in eICIC
In order to validate the performance of CGI reading in eICIC, the similar assumptions are based on the Rel-9 HeNB inbound mobility in [4]. Because the final core requirement is based on the simulation results for EVA 5Hz channel model, herein, only the EVA 5Hz is considered in this contribution. And the target BLER is 0.1 for MIB and SIB1 decoding according to [3], i.e., both MIB and SIB1 shall be decoded with N subframes combination (N=1,2,3,4) with >90% probability. Firstly, we can revisit the MIB and SIB1 decoding performance in single cell as shown in Figure 3 and Figure 4. 
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Figure 3. The MIB acquisition performances with different N in single cell
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Figure 4. The SIB1 acquisition performances with different N in single cell
According to Figure 3 and Figure 4, when the SNR is equal to -6dB, which is the side condition of the Rel-9, both MIB and SIB1 can be surely decoded with 3 MIB/SIB1 combination with >90% probability taking some implementation margin into account. Herein, the core requirements are derived based on the similar simulation results for Rel-9.
For the eICIC case, we can obtain the MIB and SIB1 acquisition performances in the similar way. Based on the simulation results in single cell, the case of N>=3 is considered. Furthermore, according to the agreed way forward [5] in RAN4 #59AH, the interference level is ranging from 1dB to 5dB, and the SNR of the serving cell shall be focused on the -4dB because the side condition for Es/Iot on ABS subframes has been approved in Rel-10. Based on the previous analysis, the worst case is considered, i.e., 3 successive subframes which contain the MIB are not protected by the TDM pattern. The simulation results are shown in Figure 5-Figure 8, respectively.
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Figure 5. The MIB acquisition performances with 3 subframes combination in eICIC 
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Figure 6. The MIB acquisition performances with 4 subframes combination in eICIC
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Figure 7. The SIB1 acquisition performances with 3 subframes combination in eICIC
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Figure 8. The SIB1 acquisition performances with 4 subframes combination in eICIC
Based on these figures, we can obtain the following observations:

· Observation 1: As shown in Figure 5, when 3 subframes are combined for MIB acquisition, the MIB decoding performance can not satisfy the target BLER 0.1 when the interference level is 5dB. For the other cases, the MIB decoding can be satisfied. 
· Observation 2: In Figure 6, when 4 subframes are combined for MIB acquisition, the MIB decoding performance can satisfy the target BLER 0.1 even when the interference level is 5dB.

· Observation 3: According to Figure 7, when 3 subframes are combined for SIB1 acquisition, the decoding performance can satisfy the target BLER 0.1 only when the interference level is 1dB. For the other cases with larger interference level, the SIB1 decoding can not be satisfied. 

· Observation 4: In Figure 8, when 4 subframes are combined for SIB1 acquisition, the decoding performance can satisfy the target BLER 0.1 when the interference level is 1dB or 2dB. Furthermore, when the interference level is 1dB, there is similar enough implementation margin for the target BLER compared with the performance of the single cell.
According to these observations, it is obvious that the SIB1 performance is the bottleneck of the CGI reading, which can not suffer from the large interference from the aggressor cell. In order to satisfy the target BLER taking some implementation margin into account, the 4 subframes combination is proposed for the eICIC scenario.
Thus, based on [6], if the 4 subframes combination is adopted, the number of the interruption gaps for the MIB or SIB1 acquisition is 7 taking the tail latency into account, i.e.,

Table 1. Impact on the gaps required for SI reading due to MIB and SIB1 frame offset
	The number of gaps needed for correctly decoding MIB/SIB1, simulation
	The number of interruption gaps for the serving cell PDSCH performance evaluation

	1
	1

	2
	3

	3 (For Rel-9)
	5 (For Rel-9)

	4 (Proposed for Rel-10 eICIC)
	7 (Proposed for Rel-10 eICIC)


Proposal 1: For the CGI reading in eICIC, the 4 subframes combination shall be utilized in order to decoding MIB/SIB1 correctly, and the number of interruption gaps shall be 7 for the serving cell PDSCH performance evaluation.
Based on proposal 1, the reporting delay of the CGI reading in eICIC should be changed as 7*10+7*20=210ms.

For FDD system, the ACK/NACK number shall be changed as 210-2*9-2*4*6-2*4*7= 88.
Proposal 2: For the CGI reading in eICIC, the reporting delay shall be extended to [210]ms.
3 Conclusion
In this contribution, we analyzed the CGI reading performances in eICIC scenario. According to the analysis and simulation results, it is obvious to get the following proposals:

Proposal 1: For the CGI reading in eICIC, the 4 subframes combination shall be utilized in order to decoding MIB/SIB1 correctly, and the number of interruption gaps shall be 7 for the serving cell PDSCH performance evaluation.
Proposal 2: For the CGI reading in eICIC, the reporting delay shall be extended to [210]ms.
Based on the two proposals, a text proposal is proposed in Section 5.
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5 Text Proposal
8.1.2.8 
E-UTRAN intra-frequency measurements under time domain measurement resource restriction

The requirements in sections 8.1.2.8.1, 8.1.2.8.2 and 8.1.2.8.3 shall apply when time domain measurement resource restriction patterns for performing E-UTRAN FDD intra-frequency measurements and E-UTRAN TDD intra-frequency measurements, respectively, are configured by higher layers [2], provided that also the following additional condition is fulfilled:

The time domain measurement resource restriction pattern configured for the measured cell indicates at least one subframe per radio frame for performing the intra-frequency measurements.
<< Unchanged sections omitted >>
8.1.2.8.3
E-UTRAN FDD intra frequency measurements with autonomous gaps
8.1.2.8.3.1
Identification of a new CGI of E-UTRA cell with autonomous gaps

No explicit neighbour list is provided to the UE for identifying a new CGI of E-UTRA cell. The UE shall identify and report the CGI when requested by the network for the purpose ‘reportCGI’. The UE may make autonomous gaps in downlink reception and uplink transmission for receiving MIB and SIB1 message according to section 5.5.3.1 of 36.331 [2]. Note that a UE is not required to use autonomous gap if si-RequestForHO is set to false. If autonomous gaps are used for measurement with the purpose of ‘reportCGI’, the UE shall be able to identify a new CGI of E-UTRA cell within: 
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Where

Tbasic_identify_CGI, intra_eICIC = [210] ms. This is the time period used in the above equation where the maximum allowed time for the UE to identify a new CGI of an E-UTRA cell is defined.
A cell shall be considered identifiable following conditions are fulfilled:
-
RSRP related side conditions given in Section 9.1 are fulfilled for a corresponding Band,

-
SCH_RP|dBm  > -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 24 and SCH Ês/Iot > -7.5 dB.

-
SCH_RP|dBm > -126 dBm for Band 9 and SCH Ês/Iot  > -7.5 dB,

-
SCH_RP|dBm > -125 dBm for Bands 2, 5, 7 and SCH Ês/Iot >  -7.5 dB,

-
SCH_RP|dBm > -124 dBm for Bands 3, 8, 12, 13, 14, 17, 20 and SCH Ês/Iot > -7.5 dB.
The requirement for identifying a new CGI of an E-UTRA cell within Tbasic_identify_CGI,.intra_eICIC is applicable when no DRX is used as well as when all the DRX cycles specified in 3GPP TS 36.331 [2] are used.
Given that continuous DL data allocation and no DRX is used, and no measurement gaps are configured, the UE shall have more than [88] ACK/NACKs transmitted during the identification of a new CGI of E-UTRA cell. 

8.1.2.8.3.2

ECGI Reporting Delay 

The ECGI reporting delay occurs due to the delay uncertainty when inserting the ECGI measurement report to the TTI of the uplink DCCH. The delay uncertainty is twice the TTI of the uplink DCCH. In case DRX is used, the ECGI reporting may be delayed until the next DRX cycle.
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