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1 Introduction

Regarding the MIB detection in feICIC scenario, RAN1 sent LS to RAN2/RAN3 to confirm the working assumption [1]: 
· RAN 1 would like to ask:

· RAN2/3, whether there are significant cases/scenarios where System Frame Number (SFN) synchronization cannot be assumed.
Upon receiving the LS, RAN3 discussed the question at RAN3#77 meeting and replied in [2] indicating that: 
RAN3 hasn’t foreseen any significant cases/scenarios where System Frame Number (SFN) synchronization cannot be assumed, and SFN synchronization (i.e. no SFN offset) is assumed in TDD/FDD time domain inter-cell interference coordination synchronisation area.

While at the recent RAN1#70bis meeting, RAN1 further discussed this question after gathering responses from other WGs and concluded that [3]:
· There is no consensus to confirm the Working Assumption [1]. Therefore, satisfying the new RAN4 performance requirements will be the only solution for improved detection of PBCH in the presence of dominant interferers with 9dB bias, with radio-frame-boundary and subframe alignment.

Please note that RAN1 assumes subframe shifting and/or SFN offsets as valid deployment options. 

However, in RAN3 the working assumption for time-domain ICIC (TD ICIC) is that SFN synchronization (i.e. no SFN offset) is guaranteed, which is different from RAN1's consensus. Therefore, in this paper, we first clarify the concepts of subframe shifting and/or SFN offset, and based on that, discuss their impacts and potential solutions from RAN3’s perspective.
2 Discussion
Tight phase-, time- and/or frequency synchronisation and SFN alignment between E-UTRA cells is beneficial for TD ICIC performance. However, in some special cases, even with relaxed requirements on synchronisation, the TD ICIC is still workable with acceptable performance. In the sequel, we will discuss those cases in details.
2.1 Subframe shifting and SFN offset
SFN alignment implies the radio frame boundary and subframe alignment, and System Frame Number synchronization. This is the baseline scenario for TD ICIC. In comparison with such tight synchronization, RAN1 understands that there could be some cases of coarse synchronization applicable for TD ICIC as shown in Fig. 1:
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Fig. 1: Subframe shifting and SFN offset.
1. SFN alignment with subframe shifting
The subframe boundary alignment indicates that, from UE's perspective, the time offset between the subframe boundaries from different cells is not greater than the CP length. Nevertheless, there is shifting of integer multiples (> 0 and < 10) of one subframe between the radio frames. Furthermore, the concurring radio frames use the same SFN sequence number.
Subframe shifting is valid option for FDD deployment. But for TDD deployment, it is invalid option since there would be cross interference between uplink and downlink subframes. 

Note that misaligned subframe boundary is not considered as valid deployment option by RAN1.

2. SFN offset without subframe shifting
The radio frame boundary is aligned, which implies that the subframe boundary is aligned too. However, the SFN is not synchronized, i.e. the concurring radio frames have different SFN sequence numbers. 
SFN offset is valid deployment option for TDD/FDD. 
3. SFN offset with subframe shifting
Only subframe boundary alignment is available in this case. This is valid deployment option only for FDD.
2.2 Impact analysis

Different from the case of tight synchronization, victim cell is unable to directly apply the ABS pattern and measurement subset information receiving from aggressor cell, since the positioning of ABS subframes is SFN-dependent. More explicitly, it is defined in [4] that:
The first position of the ABS pattern corresponds to subframe 0 in a radio frame where SFN = 0. 
This implies that without awareness of subframe shifting and/or SFN offset, the victim cell cannot efficiently utilize the protected ABS resources and the performance of RLM/RRM measurement would be significantly degraded. Therefore, we propose that RAN3 shall further study the solutions for subframe shifting and/or SFN offset scenarios in the context of TD ICIC. 
Proposal 1: RAN3 shall further study the solutions for subframe shifting and SFN offset scenarios in the context of TD ICIC.
2.3 Potential solutions

The above analysis indicates that somehow the information of subframe shifting and SFN offset should be provided to some or all of the cells involved in the TD ICIC. Several X2-based options have been proposed in previous RAN3 meetings:
· Option 1: Exchange SFN initialization time information through X2 Setup and eNB Configuration Update procedures [5][6];

· Option 2: Exchange SFN initialization time information by newly introduced Synchronisation Configuration Exchange function [7]; 
· Option 3: Provide SFN Frame Boundary Shift information to victim cell from aggressor cell [8].
The abovementioned information in nature are of SFN offset and subframe shifting. Considering that subframe shifting can be milliseconds, which is comparable to X2 transportation latency, the methods of exchanging SFN initialization time information may unlikely satisfy the precision requirement of the TD ICIC. As for Opt.3, the TDD deployment is not considered.
Furthermore, if looking at the availability of the knowledge of subframe shifting and/or SFN offset, we can find that OAM configuration is the only way for eNBs to get such information since no standardized radio or S1/X2 procedure can be leveraged by eNBs for such purpose. Therefore, it is a quite straightforward idea that OAM can directly provide the information of subframe shifting and/or SFN offset to eNB who can based on such knowledge to offer/utilize ABS pattern and configure RLM/RRM measurement properly.
Comparing with the X2-based options, the OAM-based solution has merits as follow:
· The precision requirement of TD ICIC can be satisfied;
· The known valid deployment options, i.e. subframe shifting and/or SFN offset can be supported and may be future-proof;
· Both TDD/FDD networking can be supported.

Based on such observations, we propose that RAN3 shall study the feasibility of using OAM to support subframe shifting and/or SFN offset.
Proposal 2: Regarding TD ICIC, RAN3 shall study the feasibility of using OAM to support subframe shifting and/or SFN offset.
3 Conclusion

In this paper, we explain the definitions of subframe shifting and/or SFN offset and in which case they can be considered as valid deployment option in context of TD ICIC. In our point of view, the proposed X2-based solutions addressing to the coarse synchronization networking issue are somehow OAM-dependent. Therefore, we suggest that OAM support for subframe shifting and/or SFN offset should be considered as candidate solution. 

Based on the above discussions, we propose that:
Proposal 1: RAN3 shall further study the solutions for subframe shifting and SFN offset scenarios in the context of TD ICIC.
Proposal 2: Regarding TD ICIC, RAN3 shall study the feasibility of using OAM to support subframe shifting and/or SFN offset.
In addition, a corresponding CR is provided in [9].
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