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1 Introduction
After RAN1#70, one remaining open issue regarding FeICIC discussions at RAN1 is the interpretation of the content of the RAN3 LS [2]. The LS states the following:
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.

We observed that there are multiple interpretations of that statement from RAN1 point of view. In this contribution, we provide a description of two possible interpretations and the respective expected impact on the requirements for FeICIC capable UEs in Rel-11.
2 Discussion
The content of the RAN3 LS [2] can basically be interpreted in two different ways:
a) SFN synchronization implies subframe number alignment.

b) SFN synchronization still allows certain subframe level shifts, meaning that subframe numbers are not aligned.  
[image: image1.png]SFN=n SFN = n+1

Of(1(2(3|4|5|6|7|8|90|1|2|3|4|5|6|7| cellA

SFN alignment
without subframe shift  SFN=p SFN = n+1
(Deployment Type 1)

0|1(2(3|4|5|6|7|8|9f0|1|2|3|4|5|6|7| cellB

SFN=n SFN = n+1

Of(1(2(3|4|5|6|7|8|90|1|2|3|4|5|6|7| cellA

SFN alignment
with subframe shift SFN=n SFN = n+1
(Deployment Type I1)

8[9§0[1|2[3[4|5[6[7|8[9f0|1|2|3|4|5]| cellB

—_ Y

Subframe shift Radioframe Subframe




Figure 1: SFN alignment with and without subframe shift 
These two interpretation options describe two types of deployment that are shown in Figure 1. The marked subframes are the ones that are used for MIB and SIB1 transmissions. Although the question whether subframe numbers are aligned or not allows two interpretations, the subframe timing boundaries are aligned for FeICIC; it has already been agreed that UEs can assume that subframe boundaries of macro and pico cells are aligned within a cyclic prefix (CP) length. 

In the following discussion, we restrict the topic to synchronization signals (PSS and SSS) and master and system information blocks (MIB and SIBs, respectively). PDSCH, PDCCH, PCFICH and PHICH are here not directly affected by the deployment type. Throughout the contribution we assume that CRS interference handling strategies are required for PDSCH, PDCCH, PCFICH and PHICH in case of large CRE bias values.
2.1 Interference Handling depending on Deployments Types
Table 1 summarizes the different interference handling strategies that can be applied for PSS/SSS, MIB and SIB depending on the deployment type. This classification has been done based on the previous discussions at RAN1.
Table 1: Relation between interference handling strategies and deployment types

	
	SFN alignment without subframe shift
(Deployment Type I)
	SFN alignment with subframe shift
(Deployment Type II)

	PSS/SSS
	interference cancellation
	scheduling

	MIB
	interference cancellation / higher layer signalling
	scheduling / higher layer signalling

	SIBs
	scheduling / higher layer signalling
	scheduling / higher layer signalling


Interference handling by means of scheduling corresponds to the blanking of resource blocks (RBs) or transmission power reduction on the very RBs that collide with the signal that has to be protected for the interference victim cell. This could either be accomplished by semi-static configuration of appropriate ABS or LP-ABS patterns, or by coordinated frequency domain scheduling between macro and pico cells. It is clear that the scheduling solution would put an additional burden on the network side since it requires additional coordination.
PSS/SSS and MIB (PBCH) interference cancellation is possible if both subframe boundary and subframe number are aligned. SIB interference cancellation is not possible since the interference victim UE does not know which RBs are used in the aggressor cell for SIB transmissions. Relying on interference cancellation on the UE basically reduces the burden on the network side at the cost of increased UE implementation complexity.
Higher layer signalling could be supported for both MIB and SIBs (at least SIB1). The critical question is here how much overhead would be introduced and how the network determines which UEs require higher layer signalling and which not.
The MIB content comprises 

-
Downlink bandwidth
- 
PHICH configuration
- 
System frame number (SFN)
Due to the agreement of RAN3 regarding SFN synchronization, UEs are not required to obtain the SFN from the MIB. In case of connected mobility, UEs can obtain the PHICH configuration of the target cell from the source cell during handover. The downlink bandwidth can be signalled as the higher layer signalling if different bandwidth are required as the deployment. If the downlink bandwidth can be assumed to be the same in macro and pico cells in an FeICIC relationship, there is actually no need to receive MIB anymore. 

2.2 Required UE and eNB Capabilities for CRE
Regarding the required UE and eNB capabilities for deployments with large CRE bias values (up to 9 dB) it is first important to decide which deployments should be supported. Deployment Type I is required for TDD operation, and Deployment Type II is only feasible for FDD. Hence, we assume that the support of Deployment Type I should be considered as mandatory in the specification in order to support TDD. The importance of subframe shift for FDD is still an open discussion point.
Looking at Table 1, it can be seen that the strategies for SIB detection are the same for both deployment types. It has already been agreed in RAN1 to support higher layer signalling of SIB1, so this question is not critical anymore. The signalling details are currently discussed at RAN2.
For PSS/SSS it is clear that interference cancellation capabilities are required for scenarios without subframe shift. In case of scenarios with subframe shift, the network can coordinate the subframe where PSS/SSS are sent. Therefore, cancellation of UE is not required. However, if the UE supports of Deployment Type I , interference cancellation for PSS/SSS is required. The merit of allowing subframe shifts is therefore not to mandate PSS/SSS interference cancellation capabilities for UEs if UE capability is defined as the UE only to support subframe shift. 
How to handle the MIB detection requires different strategies for deployments with subframe shift and deployments without subframe shift. We know from RAN4 [3] that PBCH interference cancellation can be used for improving MIB detection if subframe alignments are assumed. 
However, another option could be higher layer signalling of the downlink bandwidth as part of  the MIB (SFN and PHICH configuration are not required as described in Section 2.1) ; this approach would introduce only a small amount of bit of  additional signalling overhead. Another option is, as described in Section 2.1, to define a rule that UEs can expect that macro and pico UEs have the same downlink bandwidth; no additional overhead would be required at the cost of reduced flexibility in terms of bandwidth allocation for macro and pico UEs. This is further described in a companion contribution for RAN2 [4]. Both described approaches have the advantage that the UE implementation complexity is reduced and that it does not depend on the deployment type in terms of subframe shift.

That means PBCH interference cancellation is not necessarily required, neither for Deployment Type I (without subframe shift) nor for Deployment Type II (with subframe shift) since the MIB detection can be handled efficiently by other strategies. 
3 Conclusion
In this contribution, we discussed the system frame number (SFN) alignment in HetNet deployments consisting of macro and pico cells. This discussion was triggered by a RAN3 LS sent to RAN1 during RAN1#70. We described two different interpretations of the LS content and provided an analysis of UE and eNB requirements for different deployment types derived from the LS content interpretation.
The dependency between interpretation of the RAN3 LS, deployment types and UE capabilities in terms of required functions can be summarized by following figure.
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Figure 2: RAN3 LS interpretation, deployment types, and UE capabilities
References
[1] Draft Report of 3GPP TSG RAN WG1 #70
[2] R1-124055, “LS on System Number Synchronization”, sent from RAN3, RAN1#70, August 2012
[3] R1-124057, “Response LS on MIB detection in FeICIC”, sent from RAN4, RAN1#70, August 2012
[4] R2-124573, “SFN Synchronization and f-eICIC capability”, Panasonic, RAN2#79bis, August 2012

5
2
3GPP


_1410332761.vsd
LS Interpretation A: 
No subframe shift


LS Interpretation B: 
subframe shift is allowed


Deployment Type I
(without subframe shift)



