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1. Introduction

In RAN3 LS[1], it is mentioned “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 synchronization area.” And in RAN4#64 meeting, it is discussed and captured in RAN4 LS [2] that “PBCH performance requirements under the assumption of System Frame Number (SFN) synchronization [1] will be defined by RAN4. The requirements without the assumption of System Frame Number (SFN) synchronization are under further study.”
And in RAN1 LS [3] from last meeting, it was also mentioned: “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 this contribution, we are discussing on the impact the valid deployment assumption on subframe shifting and/or SFN offsets, and discuss whether there is a need to involve new requirements with the new assumptions of SFN shifting/SF shifting network.
2. Discussion
PBCH IC is expected mainly on PBCH decoding. 
With the LS from RAN1, it is assumed that SFN shifting scenario is also valid deployment scenario, thus we can assume the following different cases for SFN shifting or alignment for PBCH decoding: 

1)  SFNs are synchronized (System frame number is the same) and Radio Frame borders are aligned;

2)  SFNs are shifted while Radio Frame borders are aligned; and

3)  Neither SFNs nor Radio Frame borders are aligned; Subframe borders are aligned while SFs are shifted;

We will analysis the PBCH conflicting situation and the complexity of PBCH IC under the 3 scenarios. 
2.1 SFN synchronized and Radio Frame border aligned
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Figure 1: SFN synchronized and Radio Frame border aligned
There have been discussions in RAN4#64, that significant benefits can be gained from assuming the SFN alignment. Benefit is from reduced PBCH IC complexity and especially reducing the UE attempts on PBCH decoding. Without SFN synchronization, UE need to do blind search for up to 4 PBCH instances [5]. 

In the case shown in here in figure 1, UE can assume all the nodes in network will change PBCH at the same time points, which means that it is possible for the UE to assume the aggressor will have PBCH transmission repeating 4 times in the 40ms from the change time points. (Figure 1 just demonstrates the PBCH conflict and SFN/SF synch, and doesn’t show the ABS pattern information. Same as the figure 2 and 3.)
UE may or may not be able to cancel the conflicted PBCHs in the first instant detected, depending on the cancellation algorithm. It is however reasonable to assume that the UE can store results for up to 5 instances of PBCH for the blind search. Four of these instances are assumed to be repeated and can be used for averaging the performance in time domain or be used for simplify the PBCH IC operation. 
RAN4 would like to specific UE performance under the assumptions of the SFN synchronized case [2], as demonstration shown on the figure 1.  

2.2 SFN shifted while Radio Frame border aligned 
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Figure 2: SFN shifted while Radio Frame border aligned
Figure 2 shows an example where SFN is shifted with an offset between the different cells, while the Radio Frame border is still aligned between nodes. Here the UE can not assume that any of the network BSs will change SFN at the same time points. Only after the UE has performed several blind detection attempts (at most 5 times), will it be possible for the UE to determine the SFN change point of PBCH for the Macro aggressors. As shown in the following 5 times blind detection can decide the change points of the PBCH from the repeated transmission, according to any of the below cases on SFN numbering and PBCH repetition: 

{X+1, X+2, X+3, X+4, X+5};
{X+1, X+2, X+3, X+4, X+5};
{X+1, X+2, X+3, X+4, X+5};
{X+1, X+2, X+3, X+4, X+5};
{X+1, X+2, X+3, X+4, X+5};
As the UE will also know the serving Pico’s timing. Then unless the Macro aggressor changes, UE can continue assume the Macro aggressor’s PBCH changing points with 40ms periodicity from the first detected change point. And during a 40ms period, UE can assume the PBCH transmissions are repeated from each aggressor.
From the comparison for the case of “SFN synchronized and Radio Frame border aligned” and “SFN shifted while Radio Frame border aligned”, it seems the difference for UE complexity for PBCH IC is only relying on the assumption concerning the PBCH change points. And although on the case of SFN shifting, more blind detection attempts are likely needed for UE to decide the change points of PBCH, the UE can continue with the assumption when the change point has first been decided - unless the Macro aggressor changes. And to decode the PBCH, the 40ms PBCH can be combined according to the assumptions on the change points. Thus the complexity for UE’s PBCH IC will not be dramatically increased.    
2.3 SFN not aligned / SF border aligned while shifted 
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The SF shifting is assuming specific SF offset between different layers to avoid interference especially from some channels which are not muted even in ABS SF. In this case, Macro aggressors PBCH will not conflict with the pico layers, thus the UE of Pico do not need to do the PBCH IC. 
3. Summary

In this contribution we check the assumptions of UE performance on the SFN synchronization. And according to the additional valid deployments mentioned in RAN1 LS, we compared different cases on SFN shifting/alignment: 

1)  SFNs are synchronized (System frame number is the same) and Radio Frame borders are aligned;

2)  SFNs are shifted while Radio Frame borders are aligned; and

3)  Neither SFNs nor Radio Frame borders are aligned; Subframe borders are aligned while SFs are shifted;

We observed for the case 2) comparing with case 1), UE extra effort is on additional 5 times blind detection is needed for UE to decide the change points of PBCH. But UE can continue with the assumption unless the Macro aggressor changes. Thus the complexity for UE’s PBCH IC will not be dramatically increased. And for case 3) UE of Pico do not need to do the PBCH IC. 

In summary, the UE in SFN shifting network do not assumed to have much more complexity than the UE in SFN synchronized network in PBCH IC. And the decoding performance with SFN synchronization assumption can also applied for UE in SFN shifting network. Thus we don’t need to involve new requirements for SFN shifting network assumption. But assuming SFN synchronization will simplify the test case configuration thus it is proposed that RAN4 to keep the test case configuration with SFN synchronization assumption, while the performance is applied for both network deployments, SFN synchronized and SFN shifting.    
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