Page 8
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 #66 Meeting
R1-112380
Athens, Greece, August 22-26, 2011
Source: 
Nokia Siemens Networks, Nokia
Title:
Rel’11 considerations on common control channel performance in connection to TDM eICIC
Agenda item:
6.3.1
Document for: Discussion and Decision
1. Introduction

During the Rel’10 standardization, the time-domain enhanced inter-cell interference control (TDM eICIC) was introduced. Due to time limitations the primary focus of the TDM eICIC work was on facilitating proper operation for users in RRC connected mode. With the work item description on the enhancements for non CA based ICIC for LTE [1], RAN has opened the discussion of potential improvements to also take the idle mode and handover operation into account. The relevant text from the WI description is repeated here for easy reference [1]:

UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

In this contribution we will primarily consider the performance of the reception of the MIB (on the physical broadcast channel – PBCH). The reason for considering this channel is that it is essential for initial connection as well as for handover measurements – hence, in case the UE cannot receive and decode this channel it will not be able to maintain basic connectivity to the system as such. Similar considerations could be made for other common channels, but for initial studies we are considering the PBCH performance only.
The primary use cases when considering this concept are related to the normal eICIC cases, that is, the macro-pico case with range extension (RE), as well as the macro-CSG HeNB case. In this contribution we will focus on the macro-pico case with different RE values.

2. PBCH link performance when considering TDM eICIC
When considering the performance of the PBCH, we propose to use summarized results, such as the ones presented in [2], [3], [4], and [5], where overall simulations on the link performance of the PBCH are presented and evaluated. From thses, it is observed that in general, we should be able to have the PBCH reception divided into three generalized regions of operation:

· No PBCH reception is feasible. From the results of [2], [3], [4], and [5], we define this at a SINR level of -12 dB or below.

· Low-performance of PBCH reception: Again, from the results of evaluations, we define this as being covered by the range from -12 dB to -9 dB SINR. The low performance of PBCH reception will be reflected through increased time for correct PBCH decoding.
· Good performance of PBCH reception: This is defined for any received SINR value larger than -6 dB.

This categorization is of course a very rough generalization, where we disregard important aspects such as channel profile, UE speed, number of transmit and receive antennas. At the -9 dB SINR level, we expect to be operating at a PBCH decoding failure probability of 5-10% for the 2x2 antenna configuration and at low UE speed. For 4x2 transmit antenna configurations, the PBCH decoding failure probability increases to 30-40 according to the references. Hence, we see this SINR level of -9 dB SINR as delimiting the border for proper PBCH performance, and will use this in the following analysis. Correspondingly, published results on the PBCH performance such as [4] indicates that SINR levels of lower than -12 dB (shown in Figure 1) will basically cause no PBCH to be detected, and we denote this as the outage region.
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Figure 1: Plot of PBCH performance from [4], “1x2 PBCH 1.4MHz ETU70 low”.

Correspondingly, rough inspection of the results from the references indicate that PBCH SINR values larger than -6 dB will definitely ensure good performance, so we also use this as an evaluation point in the following analysis.
3. Mapping PBCH link performance to system level
As mentioned earlier, it is important to evaluate the scenarios where we would potentially see effects of the system configuration on the PBCH performance. As a starting point, we propose to evaluate the system over a relatively wide range of pico node range extension values. These should preferably capture the following scenarios:

· Normal coverage range: The SINR at the UE is at or above -3dB, and represents a UE that is within the handover region. This scenario is the reference case, as this is within the normal Rel’10 mode of operation.

· Medium range extension: The SINR at the UE (without muting using ABS) is lower than -3 dB and larger than -10 dB, and represents the case where a medium range extension is applied. Here, we would expect to see some benefits from applying protection of the PBCH with ABS. Whether it is a requirement to have all PBCH instants protected by ABS should be revealed by this evaluation.

· High range extension: The SINR at the UE is between -10 dB and -20 dB, and represents the expected upper limit cases for range extension. In such cases, we would expect that most, if not all PBCH needs protection to have proper detection reliability. Simulation studies would reveal more details.

The scenario for the CSG HeNB can be modeled in a similar fashion – with the difference that system level observed SINR distributions would potentially be different. The investigated cases above would then represent the UE being in different “depths” of the observed coverage hole and would also illustrate the ABS effort needed to reduce the impact of the coverage hole. However, such investigations have not been made for this contribution.

In the evaluations, we have made some assumptions, which are as follows:
· We assume that a UE searching for the PBCH will perform combining of the 4 PBCH instants containing the same information (combining over a 40 ms frame).

· ABS is assumed to be true ABS in the RAN1 sense, meaning that the aggressor node will not be transmitting non-needed channels such as PDCCH and PDSCH during the ABS – not even at reduced power. Only CRS, PSS/SSS, MIB, SI-1 and paging messages are assumed to potentially be transmitted here.

· We assume that whenever ABS is applied, there will be no interference to the UEs connected to the victim cell. That is, there will be a de-synchronization of PBCH transmissions from aggressor to victim cell. 

· We assume that there is a relatively high level of sub-frame synchronization such that PDCCH transmission from aggressor cell does not interfere with victim cell reception.
· The PBCH muting ratio will be disconnected from the muting ratio for the overall aggressor transmission, such that we are only considering the amount of ABS seen for the PBCH reception instants as shown in Figure 2.
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Figure 2 Illustration of the impact of ABS in terms of PBCH reception. In case evaluation of a given ABS fraction, we are considering the ABS muting amount for the subframes containing PBCH only. Hence, the PBCH muting percentage can be much different from the actual macro node muting percentage.

4. Scenarios and simulation assumptions

A set of various simulations campaigns have been run in order to evaluate the PBCH performance. Network and UE deployment is based on the macro+pico scenario description in [3]. Each scenario was a combination of the parameters given below:

· Macro inter site distance: 500m or 1732m

· Number of pico eNBs per macro sector: 1,2,4 or 10

· UE deployments: 1, 4a, 4b (see Table A.2.1.1.2-4 in [3])
· Range Extension bias: 0dB, 3dB, 5dB, 10dB, 15dB, 20dB

The simulations were performed using a semi-static simulator based on Monte Carlo approach. The statistics collected during each snapshot are:

· SINR of users connected to pico eNBs during normal transmission on macro layer

· SINR of users connected to pico eNBs during Almost Blank Subframes (ABS) transmitted by macro nodes.

For the sake of simplicity it is assumed that all the macro eNBs apply the same ABS pattern (i.e. use ABS at the same time instants) and that the UEs are able to suppress signals transmitted by the macro eNBs during ABS (like reference symbols and broadcast channel).

Since a fraction of PBCH transmission instants are interfered by the transmission on macro layer, whereas others are protected by the ABS, the SINR during the PBCH receptions will change as a function of time. For each UE the equivalent SINR is computed, depending on the SINR during ABS and non-ABS frames and the percentage of PBCH transmission instants protected by ABS. This is modeled through the assumption of ideal MRC with linear combining of received SINR values. 
5. Evaluation results
The main KPI derived from the simulation campaign is the fraction of UEs that are categorized into the following groups:

· Normal operation: PBCH equiv. SINR>-6dB

· Significant delays observed: PBCH equiv. SINR<-9dB

· Outage; PBCH SINR<-12 dB

The sample results for normal operation the network deployment with 4 pico eNBs per macro cell and UE deployment ‘4a’ is shown in Figure 3, where it is seen that the fraction of uses experiencing “normal” and non-delayed PBCH reception will change with the amount of PBCH reception instants being protected by ABS. In case of low ISD and large range extension bias (left-hand plot in Figure 3) 50% PBCH protection will provide a large degree of PBCH performance improvement, while increasing the ISD will potentially cause some users to experience problems without significant PBCH protection by ABS.
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Figure 3 Fraction of UEs with normal and non-delayed PBCH reception.
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Figure 4 Fraction of UEs with significantly delayed PBCH reception
From Figure 4 we can see that in addition to changing RE bias and fraction of protected PBCH instances also the network ISD influence the results in the way that for higher ISD more UEs observe problems with decoding PBCH. For both of the cases when RE bias rises above 5-8 dB protection of PBCH by ABS starts to be necessary. Note that Figure 3 and Figure 4 represent two different cases, as the SINR region between -6 dB and -9 dB are not considered here.
Considering only the outage (thus accepting delays in obtaining SI) we can observe a slight shift in the observed results, but the overall conclusion remains the same. This can be observed in Figure 5, where the effect of the different thresholds for “significantly delayed” and “outage” is seen. The 3 dB SINR difference between the two definitions shows in a shift of the maximum acceptable RE bias. When comparing the plots in Figure 5 it should be noted that the impacts of “outage” is much more severe compared to “significantly delayed”, and hence the fraction of UEs accepted to be in the different conditions should be different. With a 2% outage requirement, it is seen that the RE bias can potentially be set to 7 dB without any ABS protection, while providing ideal protection of the common channels (and assuming perfect interference mitigation of common channels and CRS) can increase the maximum possible RE bias to 14 dB for this scenario.
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Figure 5 Comparison of fraction of UEs in area of delayed PBCH reception with fraction of UEs in outage

Another factor impacting the PBCH reception are number of pico eNBs per macro cell area and UE deployment (i.e. density of UEs in pico hotspots). The impact of those factors is shown on the Figure 6 and Figure 7
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Figure 6 Comparison of PBCH outage for different UE deployments
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Figure 7 Comparison of PBCH outage for different number of pico eNBs per macro cell
As it can be observed on Figure 6 and Figure 7 the outage probability increases with more sparse UE deployments around pico eNBs and with lower number of pico eNBs per cell. 

5. Conclusions and recommendations
In this contribution we have presented some initial evaluation results on the PBCH performance in connection to ABS. From the results it is seen that whenever the pico node range extension is exceeding 5-8 dB, we will need to have coordination of the ABS patterns between aggressor and victim nodes, in order to ensure proper operation of common control channels. These evaluations presented were made under the assumption of ideal interference mitigation of aggressor node signals, so a strong recommendation would be that RAN1 looks further into interference mitigation techniques related to TDM eICIC in combination with range extension. Larger, more extreme range extension and thereby higher pico offloading from macro cells will be possible depending on the amount of achievable interference mitigation as well as the coordination of ABS between macro and pico layers.
Further, it is observed that some deployment scenarios will cause limitations in terms of maximum possible range extension bias. As shown in Figure 5, it is not possible to use a RE bias higher than 14 dB, while providing a PBCH outage of 2% and assuming perfect interference mitigation. This shows that there will be maximum values associated with the possible RE bias in connection to the macro-pico deployment scenario.
6. References
[1] RP-110420, ” Further Enhanced Non-CA Based ICIC for LTE”, RAN Plenary
[2] R4-103831, “LTE Rel’8/9 performance in face of HeNB TDM eICIC”, Nokia, Nokia Siemens Networks
[3] R1-090189, “LTE UE Alignment Results”, Nokia
[4] R4-090528, “FDD PBCH simulation results”, Huawei

[5] R4-090749, “PHICH and PBCH simulation results”, NEC

