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1. Introduction

In RAN#60 meeting, in order for support and provision of the MTC UEs equipping low cost features and requiring enhanced coverage under the LTE deployment, an MTC work item was approved [1]. In addition, focusing on coverage enhancement of PBCH for the MTC UEs, an agreement was achieved in the previous RAN1#74 meeting as the following [2].
Agreements:

▪  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 address and discuss possible designs and consideration points on the PBCH transmission to support coverage enhancement of the MTC UEs. Besides, some potential approaches for the support of coverage enhancement on the SIB transmission are also provided. 
2. PBCH coverage enhancement of MTC UEs
In RAN1#74, intermittent repetition of PBCH (as shown in Figure 1) was agreed to be introduced for coverage enhancement of the MTC UEs, in order to minimize the spectral efficiency loss. For the support of intermittent PBCH burst transmission, first of all, it is to be more specifically considered which subframes are used for PBCH burst transmission within a 40ms-duration and which symbols are used for additional PBCH transmission within a subframe. 
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Figure 1: An example of PBCH transmission for the coverage-limited MTC UEs

Firstly, regarding subframe candidates used for the PBCH burst within 40ms, following two options can be considered. 

▪ Option 1: all the subframes within 40ms

▪ Option 2: part of the subframes within 40 ms
In case of option 1, amount of resources usable for the PBCH burst transmission could be sufficiently reserved compared to option 2. However, configurability of MBSFN subframe to support MBMS service might be restricted with this option since additional PBCHs (including legacy PBCH) would be transmitted over every subframes within a 40ms-duration, even including all the MBSFN-configurable subframes (e.g. subframes #1, 2, 3, 6, 7, 8 for FDD). 
Unlike option 1, additional PBCHs (including legacy PBCH) would be transmitted though only a part of the subframes within a 40ms-duration in case of option 2. With this option, relatively smaller amount of resources might be reserved for composition of the PBCH burst, compared to option 1. On the other hand, MBSFN configurability could be guaranteed or less restricted than option 1 if all or some of the MBSFN-configurable subframes would be determined as the unused subframe for the PBCH burst. 
Meanwhile, PSD boosting was also agreed in RAN1#74, to be applied on the PBCH burst transmission for the spectral efficiency. Based on the observations on PBCH performance with repetition and PSD boosting (especially, considering the low-cost MTC UE with 1 Rx antenna) [3], it seems to be required that PSD boosting is to be applied on both PBCH part and CRS part. To make this kind of PSD boosting feasible, configuring fake MBSFN subframes (then, PSD boosting on CRS in those subframes) could be useful and reasonable since serious impact would be expected on legacy UE measurement if PSD boosting on CRS is applied in normal subframe. 
Proposal 1: To determine the subframes used for PBCH repetition, configurability of MBSFN subframe to support MBMS service and feasibility of PSD boosting by using the MBSFN setting are to be carefully considered. 
Secondly, regarding symbol/resource candidates used for the additional PBCH within a subframe, following three options can be considered. 

▪ Option 1: only the symbols used for legacy PBCH

▪ Option 2: all the symbols (except for PDCCH region and PSS/SSS)

▪ Option 3: part of the symbols/resources for option 2
In case of option 1, the only merit might be just a bit simple implementation from the UE reception perspective while it could not obtain sufficient resources for the additional PBCH transmission to provide required coverage enhancement of the PBCH. In case of option 2, on the other hand, largest amount of resources for the additional PBCHs could be obtained among all the options. However, configurability of common signals, especially CSI-RS to support associated operations (e.g. for TM 9/10), might be largely restricted with this option since additional PBCHs would be transmitted through entire subframe (except for PDCCH region and PSS/SSS), even including all the CSI-RS-configurable symbols/resources. 
Meanwhile, in case of option 3, additional PBCHs would be transmitted though only a part of the symbols/resources for option 2. Compared to option 2, relatively smaller amount of resources might be obtained for composition of the additional PBCHs with this option. On the other hand, configurability of common signals such as CSI-RS could be guaranteed or less restricted than option 2 if all or some of the CSI-RS-configurable symbols/resources would be determined as the unused resource for the additional PBCHs.

Proposal 2: To determine the symbols/resources used for PBCH repetition, configurability of common signals, especially CSI-RS to support associated operation (e.g. for TM 9/10), is to be carefully considered.
Furthermore, periodicity of the PBCH burst is to be properly determined with consideration of tolerable sync acquisition time consumed for PSS/SSS/PBCH detection as well as blind decoding complexity required for PBCH detection. Assuming a coverage-limited UE is not aware when PBCH burst occurs, it shall attempt to decode PBCH assuming PBCH burst may occur in every 40msec window until it can succeeds. For example, if PBCH burst is transmitted with long period, large number of blind decoding attempts may be required in the worst case for UEs requiring coverage enhancement. On the other hand, if PBCH burst is transmitted with short period to reduce blind decoding attempts in the MTC UEs, increase of system overhead (resource inefficiency) would be inevitable. Thus, periodicity of PBCH burst is to be set with consideration on the trade-off between UE complexity and system overhead. 
Moreover, considering system overhead and operational efficiency, it is reasonable to support scalable coverage enhancement where amount of additional PBCH within a PBCH burst is adjusted by eNB according to the coverage enhancement level supportable or required in a cell. In order to support this scalability, multiple sets of additional PBCH with different density (i.e. amount of additional PBCH) and location (e.g. subframe/symbol/resource combination used for additional PBCH) are to be predefined for different coverage enhancement levels. And based on this, PBCH burst with different additional PBCH density/location is to be blindly decodable from the UE side. 
Proposal 3: In order to support scalable coverage enhancement for network operational efficiency, amount of additional PBCHs within a PBCH burst can be adjusted according to the coverage enhancement level supportable or required in a cell.
3. SIB transmission for coverage enhancement
Regarding transmission of SIB for the coverage-limited MTC UEs, basically, applying time domain repetition/bundling (as for PDCCH/PDSCH) is also to be considered as baseline. Even for the SIB, similarly in the PBCH case above, intermittent transmission of SIB burst for the MTC UEs can be considered with some dependency/relationship with composition/transmission of the PBCH burst, by taking both system overhead and operational efficiency into account. 
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Figure 2: An example of SIB transmission for the coverage-limited MTC UEs
More specifically, timing of the SIB burst can be properly predetermined by having a dependency with that of the PBCH burst in order that the coverage-limited MTC UEs are able to receive intermittent PBCH/SIB burst sequentially (as shown in Figure 2). In addition to this, size of the SIB burst (i.e. amount of SIB repetition) can also be adapted by having a relationship with that of the PBCH burst, for the scalable coverage enhancement considering system efficiency. 

Proposal 4: For network operational efficiency, SIB burst can also be intermittently transmitted for the MTC UEs by having dependency with composition of the PBCH burst and relationship with timing of the PBCH burst. 
Furthermore, regarding composition of SIB burst transmission for the MTC UEs, following two options can be considered. 
▪ Option 1: enlarge SIB update window (e.g. multiple of 80ms)
▪ Option 2: additional SIBs within legacy SIB window (e.g. 80ms)
In case of option 1, impact on legacy operation and specification work can be minimized compared to option 2, by keeping legacy SIB-schedulable timings and transmitting SIB only via those timings. However, SI acquisition latency and network operational efficiency might be affected since SIB is to be continuously transmitted over long period for the MTC UEs without change. In case of option 2, similarly for the PBCH case above, additional SIBs are transmitted even via the timings non-schedulable for legacy SIB. With this option (by contrast with option 1), latency on SI acquisition could be kept same with that of legacy UEs while more standard impact might be expected.
Proposal 5: For transmission of the SIB burst, enlarging SIB update window by keeping legacy SIB-schedulable timings or additional SIB transmission within legacy SIB window can be considered.
Meanwhile, regarding introduction of new PBCH/SIB with reduced contents, it is expected to be involved with large impact on specification work. Besides, additional implementation for the MTC UE receiver would also be affected corresponding to potential change of PBCH/SIB contents. Therefore, it should be asked to RAN2 first whether repetition based coverage enhancement for the PBCH/SIB as in above would be feasible and acceptable from latency/overhead perspective before discussing on introducing new PBCH/SIB. 
Proposal 6: Ask to RAN2 first whether repetition based coverage enhancement for the PBCH/SIB would be feasible and acceptable from latency/overhead perspective before discussing on introducing new PBCH/SIB. 
4. Conclusion
We address and discuss possible approaches and consideration points on the PBCH/SIB transmission to support coverage enhancement of the MTC UEs. Finally, we suggest: 
Proposal 1: To determine the subframes used for PBCH repetition, configurability of MBSFN subframe to support MBMS service and feasibility of PSD boosting by using the MBSFN setting are to be carefully considered. 
Proposal 2: To determine the symbols/resources used for PBCH repetition, configurability of common signals, especially CSI-RS to support associated operation (e.g. for TM 9/10), is to be carefully considered.
Proposal 3: In order to support scalable coverage enhancement for network operational efficiency, amount of additional PBCHs within a PBCH burst can be adjusted according to the coverage enhancement level supportable or required in a cell.
Proposal 4: For network operational efficiency, SIB burst can also be intermittently transmitted for the MTC UEs by having dependency with composition of the PBCH burst and relationship with timing of the PBCH burst. 
Proposal 5: For transmission of the SIB burst, enlarging SIB update window by keeping legacy SIB-schedulable timings or additional SIB transmission within legacy SIB window can be considered.
Proposal 6: Ask to RAN2 first whether repetition based coverage enhancement for the PBCH/SIB would be feasible and acceptable from latency/overhead perspective before discussing on introducing new PBCH/SIB. 
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