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1 Introduction
PBCH IC is a very important feature for 9 dB bias Heterogeneous network. For SFN alignment issue, RAN 1 have conclusion in RAN1 LS [1] “Please note that RAN1 assumes subframe shifting and/or SFN offsets as valid deployment options. Valid deployments should not conflict with the existing RAN 4 requirements with respect to allowed subframe shifting and/or SFN offsets.” and RAN1 invited RAN4 to take the RAN1 conclusion into account in further work.
In past RAN4 meetings, whether performance for PBCH IC shall be introduced for non-aligned SFN case was extensive discussed. The main concern for PBCH IC for SFN non-alignment case is the UE complexity and memory consumption issue. In this paper, we make some analysis on the complexity and memory consumption for PBCH IC under non-aligned SFN. 
2 Analysis for PBCH IC receiver

2.1 Analysis for PeNB MIB receiving
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Figure 1 – A scenario in which 9 dB CRE is used.

In Figure 1 a setup with two macro cells and one pico cell is shown. In the system, UEs use a 9 dB offset to connect to the pico. The pico is mostly contained in the cell of MeNB1, but there is also a slight overlap in the cell of MeNB2.
-
In scenario a) the UE moves from the interferer (MeNB1) into the pico cell and needs to receive the MIB of the PeNB.
-
In scenario b) the UE is located in the CRE zone and has one strong interferer (MeNB1)
· 1. When UE is power on, UE needs to detect PeNB MIB
· 2. When MIB is changed, UE needs to detect changes to the MIB.
· In scenario c) the UE is located in the CRE zone and has two strong interferers, where the strongest interferers switch from MeNB1 to MeNB2. The UE needs to detect changes to the PeNB MIB.
· In scenario a): 
In this scenario, since UE is handover from MeNB1 to PeNB. The MeNB1 SFN information is known for UE. 
· In scenario b): 
For the scenario b.1, when the UE is power on, UE have no any information for the cell selection bias. Hence, in this case, UE will autonomous select the strongest cell based on the RSRP. Since MeNB1 signal is 9 dB stronger than PeNB, MeNB1 will be selected as the serving cell first. After MeNB1 offload the UE to the PeNB, UE needs to decode PBCH and get MIB information of MeNB1. Under this condition, MeNB1 SFN information is pre-known before PeNB MIBs receiving. 
For the scenario b.2, UE needs to detect changes to the MIB, but the MeNB1 and MeNB2 SFN information is known when UE access PeNB. 

· In scenario c):  
In this case, as case b.2, MeNB1 and MeNB2 SFN is known for UE from it’s original access to PeNB. 
Hence, we have the following observations:

Observation 1: At least SFN number of MeNB1 (and sometimes also MeNB2) is known for UE before UE receive MIB of PeNB

2.2 MIB of PeNB receive in typical interferer scenario 
Extensive system level simulation results have been shown that in typical case, only one strongest interference cell is experienced for CRE UE. The second strongest interference cell is 8 dB weaker than the first strongest interference. Hence, only one interferer is necessary for cancelling. In this case, since SFN number of MeNB1 is known for UE when UE receive MIB of PeNB, UE can regenerate the MIB of MeNB1 and cancel it without any extra blind detection. Hence, the complexity of PBCH IC for non-aligned SFN is the same as that for aligned SFN. 

Observation 2: There is no any complexity increase assuming non-aligned SFN compared with that assuming aligned SFN in typical case.

2.3 MIB of PeNB receive in worst interferer scenario
In worst case, the interference level of the first strongest aggressor cell and the second strongest aggressor cell is very close. In this case, in order to get pretty good PBCH performance, UE need to cancel the PBCH interferences from both MeNB1 and MeNB2. But as shown in Observation 1, SFN number of at least MeNB1 is known for UE when UE receive MIB of PeNB, and sometimes that of MeNB2 in addition. As shown in section 2.2, to cancel the PBCH MeNB1, there is no extra complexity assuming non-aligned SFN compared with that assuming aligned SFN. If MeNB2 SFN is already known, then there is also no compelxity increase. In the case that the PBCH of MeNB2 is not known (which occurs at handover), the relationship of attempt times and detection is shown in Figure 1~Figure 4. We divided into the following cases to discuss the attempt times:
Case 0: There is no radio frame offset or with an integer multiple of 4 frames offset between the second strongest aggressor cell and the serving cell.  

Case 1: There is one radio frame offset between the second strongest aggressor cell and the serving cell.  

Case 2: There is two radio frame offset between the second strongest aggressor cell and the serving cell.  

Case 3: There is three radio frame offset between the second strongest aggressor cell and the serving cell.  

In Figure 1~Figure 4, the number in the first row is corresponding to the SFN number of the second aggressor cell, and the number in the second to the last row is corresponding to the SFN number of serving cell (PeNB). The radio frames marked as yellow stands for the stored radio frames in the detection time. Tk (k=0, 1, …) stands for one attempt. For example, in Figure 1, for the second row, the available stored subframes are subframe 1,2,3,0. In this case, in order to get accurate PBCH of PeNB, UE needs to have attempt T0, T1, T2 and T3. At attempt T3, PBCH of MeNB2 can be decoded correctly first, then get PBCH of PeNB after cancel PBCH of MeNE1 and MeNB2. In total, 4 attempts are needed to get accurate PeNB PBCH. In another example, in case the detection time lies in the third row (marked as yellow), only T1, T2 and T3 attempt are needed. In total, 3 attempts are needed to get accurate PBCH. From Figure 1, we can see that in the worst case (e.g., the detection time lies in the second row), there are at most 4 attempts (T0,T1,T2,T3) are needed, while in the best case (e.g., the detection time lies in the last row), there is only one attempt (T3) is needed. In average, the attempts are (1+2+3+4)/4=2.5. In worst case, the attempts are 4. The number is tabulated in Table 1. 

Let’s close check the worst case shown in Figure 4. In case 4, assuming the detection time lies in the second row. In this case, for the first 4 attempts (T0, T1,T2, T3), the attempts can not be successfully decode PeNB PBCH since the PBCH of the second strongest aggressor cell can not be corrected decoded. After attempt T3, PBCH of the second aggressor cell can be decoded correctly. The SFN information is available after T3. Hence, we don’t need decode PBCH of MeNB2 any more. We only need to regenerate the PBCH based on the given SFN according to the specification. Even after T3, with the available SFN information of the second aggressor cell, PeNB PBCH can not be detected before T6, since the stored frames only include part frames. Only after T6, PeNB PBCH can be decoded correctly. In this case, the average attempts are (1+2+…+7)/7 = 4, and it needs 7 attempts for the worst case. It is also tabulated in Table 1. 
· Case 0: No radio frame offset
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Figure 1: The relationship between attempt times and detection time when there is no radio frame offset
· Case 1: One radio frame offset:
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Figure 2: The relationship between attempt times and detection time when there is one radio frame offset
· Case 2: Two radio frames offset
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Figure 3: The relationship between attempt times and detection time when there is two radio frames offset
· Case 3: Three radio frames offset
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Figure 4: The relationship between attempt times and detection time when there is three radio frame offset
Table 1: The average attempt times and attempt times for the worst case

	 
	Average Attempt Times
	Attempt Times for the worst case

	Case 0
	2.5
	4

	Case 1
	3
	5

	Case 2
	3.5
	6

	Case 3
	4
	7


From Table 1, we can see that the average attempts from 2.5 with aligned SFN assumption is increased to 4 with non-aligned SFN assumption. In the worst case, the attempt times is increased from 4 with aligned SFN and non-aligned SFN assumption. In average, at most thee additional attempts are needed for PBCH IC with non-aligned SFN assumption. 
Observation 3: At most three additional attempts are needed for PBCH IC with non-aligned SFN assumption compared with aligned SFN assumption in the worst interferer scenario. These additional attempts are only required during handover into the PeNB, when MeNB2 SFN is not known. 
2.4 Memory issue for PBCH IC

In RAN4#65 meeting, some company raise the memory issue, based on the above analysis, we can not see any memory increase if non-aligned SFN is assumed. In each attempt, we just need to store 4 adjacent frames, and the other frames can be discarded. Hence, there is no additional memory requirement for non-aligned SFN. 
3 Conclusion

In RAN 1 conclusion, subframe shifting and/or SFN offsets as valid deployment options. In this paper, we make some analysis on the PBCH IC complexity when there is SFN offset. We have the following observations:
Observation 1: At least SFN number of MeNB1 (and sometimes also MeNB2) is known for UE before UE receive MIB of PeNB

Observation 2: There is no any complexity increase assuming non-aligned SFN compared with that assuming aligned SFN in typical interferer scenario.
Observation 3: At most three additional attempts are needed for PBCH IC with non-aligned SFN assumption compared with aligned SFN assumption in the worst interferer scenario. These additional attempts are only required during handover into the PeNB, when MeNB2 SFN is not known.
Based on the above observations, we propose:

Proposals: Define performance requirements for PBCH IC with/without SFN aligned assumption.
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