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1 Introduction

At the RAN1 #74 meeting, the following were agreed regarding PBCH coverage enhancement for low cost MTC [1]:

· 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
In this contribution, we share our view on PBCH coverage enhancement for low cost MTC in LTE systems.  
2 Details on PBCH Repetition
According to the reference Maximum Coupling Loss (MCL) table in [2] and assuming 4dB SNR loss when employing single receive RF chain as captured above, the required coverage enhancement target for PBCH is 10.7dB for FDD LTE system. In order to achieve the PBCH coverage enhancement target, intermittent repetition and PSD boosting of PBCH could be applied. 

Repetition of PBCH transmission in the time domain is an effective way to improve the coverage for low cost MTC. As described in [3], one potential approach is to repeat the PBCH transmission in other OFDM symbols of any available subframes. Figure 1 illustrates the potential PBCH structure with repetitions in every subframe. For this option, in subframe #0 and #5 with 2 OFDM symbols allocated for PSS/SSS transmission, only 2 repetitions can be achieved, while in the remaining subframes, 3 repetitions can be achieved when 2 OFDM symbols are allocated for PDCCH.
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Figure 1. Potential PBCH structure with repetitions
According to this design pattern, the maximum number of repetitions would be 28. Furthermore, the impact on the legacy UE or non-MTC UEs could be limited due to the fact that legacy UE may still decode the PBCH from legacy PBCH position. The eNB may also schedule the PDSCH transmission for legacy UE or non-MTC UEs in the resource blocks other than 6 central PRBs if the system bandwidth is more than 1.4MHz. 
PSD boosting may be considered as a complement to the repetition to improve the coverage. PSD boosting may be applied on the resource elements used for either CRS only or both PBCH and CRS. Based on our link level simulation results [3], it can be observed that 10.7dB PBCH coverage enhancement target can be achieved with 28 repetitions and 3dB CRS boosting. However, it should be noted that PSD boosting may not be applied for the system with 1.4MHz bandwidth. In addition, RSRP/RSRQ measurement accuracy may be impacted if CRS boosting is applied only to the subframes conveying enhanced PBCH (denoted as mPBCH). In such case, UE may skip the subframes allocated for mPBCH transmission according to predefined or broadcast configuration for RSRP/RSRQ measurement after the initial access. 
In order to avoid the excessive resource consumption, intermittent transmission mechanism which allows for infrequent transmission of mPBCH could be considered. Note that during mPBCH transmission, repetition and/or PSD boosting would be employed in order to meet the coverage enhancement target. In the design of intermittent transmission for mPBCH, various periodicity levels may be considered and configured appropriately as illustrated in Figure 2. In this way, eNB may adjust the periodicity of mPBCH transmission depending on current MTC UE traffic. More specifically, taking into account the fact that MTC UEs are likely to be scheduled to transmit the data during quiet time, a lower duty cycle for mPBCH transmission (e.g., in the order of seconds) may be beneficial in the daily time in order to minimize the impact on legacy UE. During the quite time, however, eNB may transmit the mPBCH more frequently (e.g., in the order of milliseconds) to facilitate coverage limited MTC UEs to access the network more quickly. Hence, by employing different periodicity levels for mPBCH transmission, a proper balance between impacts on legacy UEs and access latency for coverage limited MTC UEs may be achieved.
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Figure 2. Intermittent PBCH transmission with various periodicity levels
Proposal 1
In order to achieve a proper balance between impacts on legacy UEs and access latency for coverage limited MTC UEs, various periodicity levels may be considered in the design of mPBCH intermittent transmission.   
Note that when acquiring MIB information, coverage limited MTC UEs would perform blind search for mPBCH decoding as mPBCH transmission position is not known a priori. In the worst case scenario, UE may search over the entire mPBCH transmission period range before it can successfully decode the mPBCH. Once the coverage limited MTC UEs made successful initial access, the configuration for the periodicity may be provided to the UEs – however, the use case needs to be studied. One example of such use case is during handover procedure if mobility is supported, where the configuration information can be used to facilitate the handover procedure to read mPBCH.
When repetition is applied for mPBCH transmission in every subframe, significant inter-cell interference would be introduced, which results in the degraded mPBCH decoding performance for coverage limited MTC UEs. Given that the legacy PBCH employs the cell specific scrambling on 40ms radio frames, the inter-cell interference can be reduced when a UE decodes PBCH and derives the two-bit LSB of SFN by four times blind decoding. However, due to the repetitions for mPBCH, the interferences among mPBCHs from the different cells in a radio frame are not time-varying, which would not help randomize the inter-cell interference for mPBCH. In order to address this issue, one potential solution is to apply additional level of randomization for the repetition blocks, e.g., the second level scrambling on top of the current existing cell-specific scrambling code for each repetition block or each subframe. To keep the same number of blind decoding attempts (i.e. 12 times) for 2-bit LSB of SFN and for TxD as the PBCH, it may be desirable to initialize the additional scrambling code as a function of subframe or repetition block index within a radio frame. For instance, the additional scrambling code 
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Proposal 2

Additional scrambling is applied for mPBCH transmission to effectively randomize the inter-cell interferences. 

3 Other Aspects for New PBCH Design
Based on our link level simulation results [3], it can be observed that 10.7dB coverage enhancement target cannot be met by applying repetition alone for legacy PBCH. In addition, as mentioned above, PSD boosting may not be applied for the system with 1.4MHz bandwidth. In this case, a new PBCH design may be necessary to provide additional performance gain in order to achieve the coverage enhancement target. As described in [2], reduced legacy MIB content and a longer period may be considered as new PBCH design to improve the coverage. 
For legacy PBCH, MIB contains 3-bit downlink system bandwidth, 3-bit PHICH configuration, 8-bit SFN and 10 spare bits. As specified in [1] for new UE category, (E)PDCCH is allowed to use the carrier bandwidth, which indicates that it may not be feasible to eliminate 3-bit downlink system bandwidth. If 10 spare bits are removed, the size of mPBCH after CRC can be reduced to 30 bits. Note that if all 10 spare bits are removed, the forward compatibility cannot be ensured for mPBCH anymore since the spare bits have been reserved for future usages. Therefore, the removal of some parts (not all) of the spare bits could be considered. Moreover, if PHICH can be removed or the PHICH configuration can be predetermined, the MIB content can be reduced to 11 bits, which results in 27 bits for mPBCH after CRC. Subsequently, if less CRC overhead is considered, e.g., 8 CRC bits, the size of mPBCH after CRC can be further reduced to 22 and 19 bits with and without PHICH configuration, respectively. It should be noted that the further discussions would be needed which information can be removed for mPBCH. 
Figure 4 illustrates the link level performance when reduced legacy MIB content is employed in conjunction with repetitions. It can be observed that with 28 repetitions, 10.7dB PBCH coverage enhancement target can be achieved when the size of mPBCH after CRC is reduced to 22 bits. Hence, in the case when PSD boosting is not applied, reduced MIB content may be considered as potential solution together with intermittent repetitions for PBCH coverage enhancement. 
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Figure 4. PBCH performance with reduced legacy MIB content
Observation 1

For FDD LTE system, 10.7dB PBCH coverage enhancement target can be achieved with 28 repetitions and 22 bit mPBCH after CRC.
Proposal 3
When PSD boosting is not applied, reduced legacy MIB content may be considered as potential solution together with intermittent repetitions for PBCH coverage enhancement. 

Another alternative for new PBCH design is to extend PBCH transmission from 40ms to a longer period, e.g., 80ms. In this regard, further coverage improvement could be provided by allowing more levels of repetitions. With longer PBCH transmission period, the number of SFN bits contained in MIB may be further reduced. Note that new PBCH design with longer period should be carefully studied with considerations for UE implementation cost, power consumption and specification impact. For longer PBCH transmission period, e.g., 80ms, a longer scrambling code would be expected. In this case, when utilizing each of the possible phases of the scrambling code to derive the 3-LSB of the SFN, coverage limited UE would likely perform more number of blind decoding attempts compared to legacy UE, and subsequently the UE power consumption would be increased. Furthermore, new PBCH design with longer period may not be backward compatible, which may introduce additional access latency for legacy UE.   
Proposal 4
New PBCH design with longer period should not be considered due to UE implementation cost, power consumption, specification impact and backward compatibility. 

4 Conclusions

In this contribution, we provided our views on PBCH coverage enhancement. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1

For FDD LTE system, 10.7dB PBCH coverage enhancement target can be achieved with 28 repetitions and 22 bit mPBCH after CRC.
Proposal 1
In order to achieve a proper balance between impacts on legacy UEs and access latency for coverage limited MTC UEs, various periodicity levels may be considered in the design of mPBCH intermittent transmission.   
Proposal 2

Additional scrambling is applied for mPBCH transmission to effectively randomize the inter-cell interferences. 
Proposal 3
When PSD boosting is not applied, reduced legacy MIB content may be considered as potential solution together with intermittent repetitions for PBCH coverage enhancement. 

Proposal 4

New PBCH design with longer period should not be considered due to UE implementation cost, power consumption and specification impact. 

References

[1] Chairman’s notes, RAN1 #74, Barcelona, Spain, Aug. 2013.

[2] 3GPP TR 36.888, v2.2.1, Study on provision of low-cost MTC UEs based on LTE
[3] R1-133157, “Discussion on PBCH Coverage Enhancement for Low Cost MTC”, Intel, RAN1 #74
PAGE  
4/4


Peak Time

Quiet Time
...








mPBCH

Legacy PBCH
Longer Period
Shorter Period



_1441633530.unknown

_1441633580.unknown

_1441633509.unknown

Slot 0
Slot 1
1PRB
In central 6PRBs
0
1
2
3
4
5
6
7
8
9
10
11
12
13
CRS: AP 0-1
CRS: AP 2-3
PDCCH/PHICH/PCFICH
PBCH Repetition Block #1
PBCH Repetition Block #2
PSS/SSS
Slot 0
Slot 1
0
1
2
3
4
5
6
7
8
9
10
11
12
13
1PRB
In central 6PRBs
PBCH Repetition Block #3
Unused or Pilot Symbols 
or PBCH
a) subframe #0/5
b) Remaining subframes



_1441611400.unknown

