3GPP TSG-RAN WG1 #79
R2-124048
August 13th – August 17th, 2012, Qingdao, China
Agenda item:
7.5
Source:



Qualcomm Incorporated
Title:
SIB-1 acquisition for pico CRE UEs
Document for:
Discussion/Decision
1 Introduction
RAN1 sent an LS on SIB-1 acquisition in feICIC [1], which addresses the issue of acquisition of system information, especially SIB-1, in presence of dominant interferers with 9 dB bias for pico CRE UEs. 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 the LS, RAN1 assumed the following as the working assumption for SIB-1 acquisition for pico CRE UEs [1];
· As a current working assumption, RAN 1 will assume: 

· eNB signalling solution to aid acquisition of SIB-1 contents in the presence of dominant interferers with 9dB bias 

· The victim cell may send its SIB-1 contents to the victim UE using higher layer signaling in the protected resources
· Exact signaling solution to be decided by RAN2
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  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.
2.1 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. 

Let’s take the following example: 

· 5 MHz system where it is reasonable to assume  40 CCEs per PDCCH region

· SIB-1 transmission with 4 or 8 CCEs

If we assume 4 CCEs for SIB-1 in the macro eNB, the average probability for REG collision with pico eNB SIB-1is 4/40 or about 10 %. The probability is doubled when 8 CCEs are used for the SIB-1, but it still remains relatively low. UE implementation should be able to handle this 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 will low SNIR can be punctured/discarded. This scenario is illustrated in Figure 2, where we evaluate PDCCH decoding and partial REG collision.  The simulations assumptions are as follows:

· 2GHz carrier frequency 

· TU 3kmph

· PCFICH=3

· PHICH assigned: Ng=0, ACK_SYM=1

· 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 for 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 number of the number of available CCEs is relatively large which can easily be achieved unless PCFICH is set to 1 and system bandwidth is very small (1.4 MHz). 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 Duplicate broadcast of SIB-1 

A simple a straightforward way to fully eliminate PDCCH interference for SIB-1 reception for CRE UEs is to duplication SIB-1 transmission in protected subframe. For example, one can define new SIB-x, which content is the same as SIB-1 (or part of it if certain IEs are not needed for connected mode UEs) and transmit that SIB-x which a configured window just like any other SIB other than SIB-1. Therefore, CRE UE would have a choice to look for SIB-1 either at subframes 5, 25, etc., or within a window where SIB-x is transmitted. The SIB-x reception window and how it differs from SIB-1 occasions is illustrated on an example in Figure 3.
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Figure 3: Illustration of SIB-x window.

What needs to be addressed in this approach is how UE receives the information about the time window where to look for SIB-x (periodicity and window length). Obviously, one method is to fix the SIB-x window location by standard and the other one is to signal the window to the UE. 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 the SIB-x window configuration (periodicity and length) from the source cell for the target cell when RRC reconfiguration (handover) message is transmitted to the UE. This also implies that SIB-x configuration needs to be signalled between two cells over the backhaul (X2 and/or S1 interface). 

Transition from cell center region to CRE region of pico eNB. In this scenario, UE can get SIB-1 information when in cell center. The only assumption that UE should be able to assume is that SIB-x window configuration signalled in SIB-1 does not change in the future. For example, if system information had changed (for example UE receives a page indicating system information change), UE may still assume that the old configuration for SIB-x window is unchanged. Alternatively, unicast signalling could be used to convey new SIB-x window configuration. 

Note that per [2], UE is required to reacquire system information upon handover and other occasion including upon receiving notification of system information change, therefore signalling SIB-1 information at handover by the source cell alone cannot be sufficient. Also the requirement of acquiring SIB-1 for the connected mode UE needs to be modified, so that it is allowed to acquire the SIB-x instead of SIB1.

Proposal 1: SIB-1 content is repeated in newly defined SIB-x in protected subframes. The connected mode UE is allowed to acquire the SIB-x instead of SIB-1 during the system information acquisition procedure.

Proposal 2: SIB-x window configuration may be conveyed in handover message from the source cell for the target cell and it is also included in SIB-1. 

Proposal 3: While in RRC connected UE may assume that SIB-x window configuration does not change.
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 to broadcast SIB-1 content in protected subframes as newly defined SIB-x. 

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: SIB-1 content is repeated in newly defined SIB-x in protected subframes. 

Proposal 2: SIB-x window configuration may be conveyed in handover message from the source cell for the target cell and it is also included in SIB-1. 

Proposal 3: While in RRC connected UE may assume that SIB-x window configuration does not change.
Qualcomm is willing to provide a CR if the proposals are agreed.
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