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1 Introduction
In Rel-10, eICIC performance requirements and tests in TS 36.101 were specified where PSS/SSS/PBCH/SIB-1 in ABS are deliberately omitting, which is not realistic and misaligned with the agreement to model a realistic aggressor cell. This happen mainly due to the lack of time in Rel-10 time frame. In Rel-11, these key control channels should be taken into account from very beginning.

In this paper, we make some analysis on the performance impact when PSS/SSS/PBCH/SIB-1 transmission is deliberately omitted in aggressor cells ABS subframes. 
2 The impact of deliberately omitting PSS/SSS/PBCH/SIB-1 transmission in aggressor cell ABS subframe
In Rel-10 eICIC discussion, the group agreed to model the aggressor cell explicitly. According to the agreements, all the necessary control channels shall be transmitted in ABS subframe. According to the specification, PSS/SSS/PBCH/SIB-1 shall be always transmitted in ABS subframe. In Rel-10, due to the misinterpretation of the simulation assumption, some companies didn’t model these important control channels in aggressor cells in the initial link level simulation. In order to avoid resimulating all the simulation results in a later Rel-10 stage, these control channels in aggressor cells are not modeled in eICIC. In Release 10, it was assumed that the UE receiver would not be capable of performing IC. Thus UEs would have to live with the interference from these control channels and would potentially have more difficulty to implement the time and channel estimation enhancements described in this document. However in Release 11 the interference levels are higher and it is more likely that the UE will need to cancel the PSS/SSS/PBCH/SIB-1 transmissions. Despite what was done in Release 10, it seems quite strange to deliberately omit a channel that is present in real operation, which the UE may need to cancel and which the UE can take advantage of, and which will be present with a higher power level than in Release 10. 

 In the following sections, we make some analysis on example impacts when PSS/SSS/PBCH/SIB-1 transmission is deliberately omitted in aggressor cells’ ABS subframes.  The impact analysis is not exhaustive, but the aim is to demonstrate that there is the potential that omitting these mandatory channels may impact the performance of some UE implementations in the tests.
2.1 Example impact when PSS/SSS is deliberately omitted in ABS
Given artificially no PSS/SSS is transmitted in ABS subframe, and 1/8 ABS pattern is used in the test, The timing relationship is given in Figure 1. After UE gets synchronization with the network, UE will always assume PSS/SSS transmission in the aggressor cells in the predefined location. For a UE using PSS/SSS for coarse time/frequency tracking, a PSS/SSS-IC-capable UE can first cancel the dominate PSS/SSS(s) and then use the residual signal for time/frequency tracking. In practical network, these UE works well. But in the test, in some subframe, e.g., subframe 0 of radio frame 0 as shown in the figure, PSS/SSS is artificially muted, and the standard-complied UE don’t know the muting. Hence, it will assume PSS/SSS is transmitted and cancel it. The interference will be aggregated and the cancelation will be excessive. In worst case, the timing and frequency tracking based on PSS/SSS will fail as shown in Figure 1, marked with “F” in the “Time and Freq tracking” row. From this point, we can see that artificial muted PSS/SSS transmission will penalized some UEs implementation. 
[image: image1.png]



Figure 1: The impact on timing and frequency tracking given artificially no PSS/SSS transmission in ABS subframe
Observation 1: When PSS/SSS is artificially muted in ABS subframe, it will penalize PSS/SSS-cancel-capable UEs for coarse timing/frequency tracking. 

The unexpected behavior shown above is just one possible impact. There still exist other potential impacts which are not discovered by the group. The impacts of omitting the PSS/SSS/PBCH/SIB-1 channels are potentially larger in Release 11 due to their higher power. One safe way is to strictly stick to the specification and model these signals as what it is.  
2.2 Example impact when PBCH is deliberately muted in ABS
Given artificially no PBCH is transmitted in aggressor cells’ ABS subframe, and 1/8 ABS pattern is used in the test. The timing relationship is given in Figure 3. After UE gets synchronization with the network, UE always assumes PBCH transmission in the aggressor cells in the predefined location. The PBCH transmission is shown in Figure 4. From Figure 4, we can see the CRSs in symbol 7 of the six center PRBs are always polluted by the aggressor cells’ PBCH, marked with blue and named as polluted CRSs. In practical product, in order to get accurate channel estimation, the whole bandwidth CRSs, including the polluted CRSs, will be employed for channel estimation. However, the polluted CRS experiences strong aggressor cell PBCH interference. According to Rel-11 FeICIC discussion, the interference may be maximum 9 dB stronger than serving cell signal. Without any PBCH-IC, the channel estimation in the center six PRBs worsen. It will deteriorate the whole channel estimation performance. As a result, the whole PDCCH/PCFICH, PDSCH and PHICH performance will be impacted. 
One efficient way is to first cancel the strongest aggressor cells’ PBCH and further use the residual signal for channel estimation. One problem comes from artificially no PBCH transmission in aggressor cells, as shown in Figure 2. In subframe 0 of radio frame 0, aggressor cells will artificially not transmit PBCH. The PBCH-IC-capable UE will cancel one signal which does not transmitted, marked as “F” in the “PBCH IC” row, but UE does not know, because PBCH shall be transmitted  according to the specification,. The cancellation will be excessive. It will greatly reduce the UE’s demodulation performance, although these UEs may achieve pretty good performance in practical network. It will penalize the PBCH-IC-capable UE. It is not desirable from the test point of view. 
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Figure 3: The impact on timing and frequency tracking given artificially no PBCH transmission in ABS subframe
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Figure 4: The RE mapping of PBCH and CRS
The above problem is only one problem that has been discovered, there are potentially other problems which are not explored in the current stage. A safe way to guarantee UE to be with proper behavior in practical network is to strictly stick to the specification and model these signals as what it is. 
Observation 2: When PBCH is artificially muted in ABS subframe, it will penalize PBCH-IC-capable UEs for demodulation. 
2.3 Example impact when SIB-1 is artificially muted in ABS
Given artificially no SIB-1 is transmitted in aggressor cells’ ABS subframe in the test, UE can successfully detect serving cell SIB-1 in ABS subframe in the test, since no any interference in the subframe where serving cell SIB-1 should be transmitted. However, in the practical network, UE may fail to detect SIB-1, since serving cell SIB-1 is always interfered by aggressor cells SIB-1. The interference strength is 9 dB higher than serving cell signal. From network, some scheduling may be possible to use to avoid the collision of PDSCH associated with SIB-1, but there is almost no way to avoid the collision of PDCCH associated with SIB-1, since SIB-1 shall be put in common search space. From this point of view, the UE behavior in the test may be inconsistent with that in practical network, which is not desirable. 
3 Proposals

In general, test conditions should represent operation in a real network and basic mandatory control channels should be included by default. If PSS/SSS/PBCH/SIB-1 are omitted, a strong justification should be provided as to why they should not be present in the test; in the absence of such a justification they should be present. This document adds some additional reasons why there could be issues if PSS/SSS/PBCH/SIB-1 are removed from the test signal.
Based on observation 1, 2 and the observation in section 2.3, we can see that artificially muting of PSS/SSS/PBCH/SIB-1 in ABS subframes in RAN4 test may potentially have great impact on the synchronization, demodulation and access, and it will penalize some UE implementation. Further, we can not see any beneficial to deliberately mute PSS/SSS/PBCH/SIB-1in ABS subframes in the performance requirement.  Hence, we propose:
· PSS/SSS/PBCH/SIB-1 shall be transmitted in ABS subframes in any simulation assumption and test setup for FeICIC performance requirements
4 Summary
In this paper, we make some analysis on the impact when artificially no PSS/SSS/PBCH/SIB-1 transmission in aggressor cells’ ABS subframes, we propose:

· PSS/SSS/PBCH/SIB-1 shall be transmitted in ABS subframes in any simulation assumption and test setup for FeICIC performance requirements
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