3GPP TSG-RAN WG1 Meeting #74bis
R1-134207
Guangzhou, China, 7th – 11th October 2013
Agenda item:
7.2.2.2.1



Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
Coverage enhancement techniques for PBCH
Document for:
Discussion & Decision
1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  The coverage enhancement for PBCH was discussed in the previous meeting and the following is agreed:
· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB

· Can also consider 4dB loss for other downlink channels when needed

· Intermittent repetition / PSD boosting of PBCH could be applied to minimize the spectral efficiency loss

· UE behavior, impact on UE power consumption, and configurability are FFS

· Introducing new PBCH is FFS

This contribution tries to further discuss PBCH and address some of these FFS.
2 Discussions
2.1 “Keep trying” method

In [4] it was suggested that repeated attempts by the UE to decode the PBCH without any modification can provide the necessary coverage enhancement.
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Figure 1: PBCH link level performance (EPA 1Hz)
Based on the link level curves in Figure 1 for 2x2, the SNR for 1% BLER is -7.8 dB.  For CE MTC UE, an additional 10.7 dB is needed, which means the device has to operate at an SNR of -18.5 dB.  Without repetition, at SNR of -18.5 dB, the BLER is 90%.  In order to achieve a 99% probability of successful decoding of the PBCH at 90% BLER on each attempt, the UE would on average have to make 44 decoding trials, which takes 1.76 seconds. 

This seems an acceptable latency for initial acquisition for MTC devices, and the method has the significant advantage of avoiding any specification impact. However, further analysis is needed on the false detection probability, as well as the variance of this latency in different channel conditions. 

Proposal 1: Study further the false detection probability and variance of the acquisition latency, and revisit the working assumption if a significant problem is identified. 

2.2 Intermittent Repetition Parameters

In case the “keep trying” method cannot be adopted, then the details of intermittent intense repetition of PBCH would need to be finalised. 

Intermittent repetition of PBCH consists of an intense burst of PBCH repetitions followed by a long period of legacy PBCH transmission as shown in Figure 2 [2].  The rationale behind this approach is to reduce the amount of resources used for PBCH especially for small system bandwidth and that the MTC UE is delay tolerant.  We refer to PBCH that is repeated beyond that of legacy for coverage enhancement as CE-PBCH.  The characteristics of the intermittent repetition can be defined by two parameters as shown in Figure 2, namely:
· The short intense burst period, TS
· The intermittent repetition cycle, i.e., the period between the start of two intense burst of PBCH repetitions, TC
Firstly, it is assumed that the coverage enhancement mode operation is only activated within specific non-busy hour periods and that the MTC UE can be made to be aware of such operational periods [3].  

Secondly, it should be noted that these parameters are not available to the MTC UE operating under coverage enhanced mode since CE-PBCH is the first control channel that is available to the MTC UE.  The MTC UE would need to blind decode for the CE-PBCH when the eNB is operating in coverage enhanced mode.  If the MTC UE needs to read the CE-PBCH only once during a coverage enhancement mode period then there is no need to signal these two parameters to the UE.  NOTE that the MTC UE would need to blind decode for the CE-PBCH to obtain the SFN in the next coverage enhancement mode period since it is expected that the MTC UE would be in a dormant state (or switched off) when the eNB is not operating in coverage enhancement mode.  

Proposal 1: The MTC UE does not need to read the CE-PBCH more than once within a period where the eNB continuously operates in coverage enhancement mode.
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Figure 2: Intermittent PBCH transmission

Proposal 1 allows the eNB flexibility in configuring the parameters TS and TC.  TS would need to be a multiple integer of the CE-PBCH period (e.g. 40 ms).  The ratio TS/TC would indicate:

· The rate of CE-PBCH transmission.  A higher rate would allows the MTC UE to read the CE-PBCH faster and therefore reduce power consumption in detecting for CE-PBCH

· However this ratio also indicates the resource utilisation to transmit CE-PBCH, where a smaller ratio would be beneficial to the eNB.

One approach in setting these values would be to base it on the expected load in the cell.  If the load is expected to be small then the eNB can afford to use more resources for CE-PBCH, thereby improving CE-PBCH detection.  If the load is high, the eNB could reduce the resources used for CE-PBCH.  For example at the start of coverage enhancement mode, assuming traffic for normal UE is low, the overall loading would be low and the eNB can use a high CE-PBCH transmission rate and as the load increases when more CE-MTC UE connects to the eNB, the eNB can reduce the CE-PBCH transmission rate.  Since the CE-MTC UE only reads the CE-PBCH once, we can assume that those that are connected to the eNB would not be reading CE-PBCH and therefore the “demand” for CE-PBCH would reduce.
Proposal 2: Allow the eNB flexibility to configure the parameters TS and TC for intermittent PBCH repetition.
2.3 MIB Content

The legacy MIB carries the system bandwidth information, the number of symbols used for PHICH and the SFN. We consider below their usage in coverage enhancement operation:
· System bandwidth: Different operators may use different system bandwidth to support MTC UE operating in coverage enhancement region.  A single system bandwidth is an unnecessary restriction.

· PHICH information: A fixed PHICH size can be assumed for the control region RE mapping for MTC devices and so it is not required.
· SFN information is obviously needed but the number of bits used for SFN can depend on whether the PBCH period needs to be extended.

Proposal 3: The PBCH information transmitted with extra repetitions for MTC devices in a coverage extension region should include the system bandwidth and the SFN.

2.4 SIB scheduling

The SIB allocation is indicated in the PDCCH.  In coverage enhancement mode operation, the PDCCH needs to be repeated numerous times, which is spectrally inefficient.  Hence it is beneficial to avoid reading the PDCCH in determining the resource allocation for the SIB.  It is of course feasible to fix the location of the SIB in the resource space (or make it a function of the system bandwidth and Cell ID), which would limit the scheduling flexibility of the eNB.  Alternatively, the MIB can indicate the format of the SIB in terms of a predefined index indicating its resource allocation and the number of repetitions.

Proposal 4: The SIB repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID.
2.5 Scalable spectral efficiency

It has also been noted that large numbers of repetitions are spectrally inefficient.  Hence, part of the WI objective is to allow scalability of spectral efficiency whereby the number of repetitions required is dependent upon the radio conditions in the cell, i.e. several levels of coverage extension are to be introduced.  Since not all cells will require the full 15 dB coverage improvement, it is desirable that the repetition levels for the PBCH (and common control channels) are scaled according to the desired level of coverage extension.  The MTC UE can blind decode one of several repetition levels for the PBCH (e.g. 2 or 3 different levels), by starting with the lowest level of repetition and continuing to higher levels if the decoding of the lower levels fails.  It is of course feasible that an MTC UE that has a favourable radio condition can detect the PBCH using a smaller amount of repetition than that used in the cell.  The number of repetition levels needs to be decided; a maximum of three configurable levels seems reasonable. 

Proposal 5: Allow scalability of spectral efficiency for PBCH, with up to three different possible repetition levels.
3 Conclusion

In this contribution we discuss some characteristics of the PBCH channel used for coverage enhancement.  We propose the following:
Proposal 1: The MTC UE does not need to read the CE-PBCH more than once within a period where the eNB continuously operates in coverage enhancement mode.

Proposal 2: Allow the eNB flexibility to configure the parameters TS and TC for intermittent PBCH repetition.

Proposal 3: The PBCH information transmitted with extra repetitions for MTC devices in a coverage extension region should include the system bandwidth and the SFN.

Proposal 4: The SIB repetitions and resource allocation can be indicated by a predefined index in the MIB and/or be a function of the system bandwidth and Cell ID.
Proposal 5: Allow scalability of spectral efficiency for PBCH, with up to three different possible repetition levels.
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