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1 Introduction
RAN 1 #69 [1] had discussed SIB-1 acquisition for pico CRE UEs where it was proposed that there is additional signalling mechanism for pico CRE UEs in order to guarantee SIB-1 detection under dominant interference from the macro eNBs. In this contribution, we discuss SIB-1 detection under this scenario and propose how to address the issue in Rel-11.
2 Methods to improve SIB-1 detection under dominant interference 
In order to guarantee SIB-1 detection of pico CRE UEs, it is necessary that macro and pico eNBs coordinate utilization of PDSCH resources so that macro eNB does not utilize resources used for SIB-1 in the neighbouring pico eNBs. It is not immediately clear if this simple coordination of PDSCH resources alone is sufficient to guarantee SIB-1 detection of the pico CRE UEs since the UE is required to read PDCCH in order to determine frequency resources and MCS used for SIB-1. In the following subsection, we discuss possible implication on PDCCH detection that different solutions may have. 
1.1. Configuration of ABS for macro eNB
In order to protect PDCCH resources in the pico eNB in subframes used to scheduled SIB-1 (subframes 5, 25, etc.), macro eNB may configure ABS in those subframes. This scenario for 25% ABS is illustrated in Figure 1.
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Figure 1: ABS configuration example for macro eNB that protects SIB-1 for pico eNBs

A practical implication of ABS configuration is that macro eNB will only schedule SIB-1 in those subframes. As frequency domain resources for SIB-1 transmission for macro and pico eNBs can be coordinated, PDSCH interference can be avoided. However PDCCH interference cannot, as macro eNB needs to transmission PDCCH that indicate PDSCH resources for SIB-1 and hence creates interference in PDCCH region of the pico eNB. The interference can be controlled though by configuration. 
UE implementation should be able to handle PDCCH interference having in mind that the REGs that have not been impacted by PDCCH interference from the macro eNB transmitting SIB-1 should have relatively good SNIR. REGs with low SNIR can be punctured/discarded. This scenario is illustrated in Figure 2, where we evaluate PDCCH decoding and partial REG collision accounting for 4 and 8 CCE aggregation and a range for collision probability from 10% until 80%.  The simulations assumptions are as follows:

· 2GHz carrier frequency 

· TU 3kmph

· PCFICH=3

· PHICH assigned: Ng=0
· Target cell ID = 0, interfering cell ID = 1

· PDCCH setting

· Common search space

· Aggregation level: 4 or 8

· Dominant  interfering cell geometry equals 16 dB 

· Vary the target cell geometry

As it can be seen from the results, satisfactory PDCCH performance can be achieved even when large fraction of REGs collides.  Power control of DL grants to schedule SIB-1 can further improve detection of SIB-1 for pico CRE UEs.
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Figure 2: Probability of PDCCH decoding under dominant PDCCH interference
In our view, this solution is effective as long as the collision rate is controlled.  This solution imposes some restriction on ABS configuration and PDCCH configuration. If that is not desirable, new signalling solution is needed to improve SIB-1 detection.  
Observation 1: ABS configuration at the macro eNB, frequency domain coordination of SIB-1 transmission and PDCCH power control could be effective tool in improving SIB-1 detection for pico CRE UEs. 
2.2 Duplicated transmission of SIB-1 
A simple a straightforward way to fully eliminate PDCCH interference for SIB-1 reception for CRE UEs is to duplicate SIB-1 transmission in protected subframes. Another alternative is to utilize unicast signalling to convey SIB-1 information to CRE UEs that may have issues detecting SIB-1 at subframes, 5, 25, 45 etc. 

The signalling option means that we need to handle two scenarios:
· Handover from macro eNB to pico eNB 

· Transition from cell center region to CRE region of pico eNB

Handover from macro eNB to pico eNB. In this scenario, it is necessary to signal relevant SIB-1 information from the source cell for the target cell when RRC reconfiguration (handover) message is transmitted to the UE. Note that such signalling is already present in Rel 8 [2]. 
Transition from cell center region to CRE region of pico eNB. In this scenario, UE can get SIB-1 information when in cell center. Since SIB-1 can change UE needs to reacquire SIB-1 upon system information notification change indication is received. If acquisition of SIB-1 is not reliable, unicast signalling could be used to convey relevant SIB-1 information to those UE. 

Note that per [2], UE is required to reacquire system information upon handover and other occasion including receiving notification of system information change, therefore signalling SIB-1 information at handover by the source cell alone cannot be sufficient. Therefore, dedicated unicast need to be utilized upon handover for all UEs that may not have reliable SIB-1 detection.
Proposal 1: Unicast signalling can be utilized to convey SIB-1 information to UEs that may not have reliable detection of SIB-1.

3 Conclusions
In this contribution, we provided our views with respect to SIB-1 detection for UEs in CRE region. We observe that SIB-1 detection for CRE UEs can be significantly improved with proper configuration of ABS, which imposes some constraints on network.  If added constraint is not desirable, our proposal is utilize unicast signalling to convey SIB-1 to UEs that may have reliable detection of SIB-1 in subframes 5, 25, 45, etc. 
Observation 1: ABS configuration at the macro eNB, frequency domain coordination of SIB-1 transmission and PDCCH power control could be effective tool in improving SIB-1 detection for pico CRE UEs.

Proposal 1: Unicast signalling can be utilized to convey SIB-1 information to UEs that may not have reliable detection of SIB-1.
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