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1. Introduction

At the RAN1#80 meeting, there were many options regarding the PBCH repetitions targeting the UE in enhanced coverage (EC) [1] – [8]. According to the discussion at the meeting, those options are narrowed down as follows.
Agreements:

· Narrow down the options for PBCH coverage enh as follows:
· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

· FFS until RAN1#80bis which REs should be excluded for PBCH repetition

· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”

· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:

· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

· Option C: Repetition based on pattern(s) across a given number of cycles.

· Choose among Option 1-A or 2-A or 3-B or 3-C or 4-B or 4-C in RAN1#80bis
Considering power consumption, latency, complexity, and overhead, the PBCH repetition scheme should be further decided. Although there are mainly four options as suggested, options for configuration of transmissions needs to be further clarified since different companies may have different understanding. In this contribution, we describe our understanding regarding the configurations and show our preference among the above options. Based on the discussion at the last meeting [9], we also provide our views on usage cases for spare bits in the MIB.
2. Options for PBCH Repetitions
As agreed at the last meeting, the PBCH repetition schemes should be selected among options 1-A or 2-A or 3-B or 3-C or 4-B or 4-C. These options are also shown in Fig. 1. It was also concluded that power consumption, latency, complexity, and overhead should be considered. There is a trade-off among power consumption, latency, complexity, and overhead. Taking into account those consideration points, there are two aspects to be discussed. One is transmission periodicity and the other one is configuration of the PBCH repetitions. 
From perspective of periodicity, there may not be so big difference in power consumption and complexity aspects among the options while latency and overhead would rather be the discussion points. In our view, the requirement for the delay highly depends on the usage cases and application scenarios of the LC-MTC. At this stage, we are not certain how much gain is achieved by reducing processing delay for the PBCH detection since the PBCH reception would not be the main factor in latency aspect compared to MTC-SIB receptions. For this reason, from perspective of periodicity, we would like to prioritize the overhead or spectrum efficiency over the other consideration points and have a slight preference for Option 1A.
Concerning the configuration of the PBCH repetitions, there were options to turn on/off repetitions (Option B) and to define and use the repetition patterns (Option C). On the other hand, the PBCH repetition configuration is fixed in Option A. However, there is one point to be clearer in Option 1A. In our view, even with Option 1A, the PBCH repetition shouldn’t be mandated in all the networks where such coverage enhancement is not needed. Therefore, our understanding of Option 1A is that only one PBCH repetition configuration, e.g., periodicity and subframe number, is fixed in the specifications and whether this configuration is applied or not is up to eNodeB implementation. In other words, the UEs in enhanced coverage need to have two hypotheses regarding the PBCH transmissions. We are not so sure if different companies consider that this kind of UE hypothesis should be classified into Options B and C. Other than the purpose of not mandating the PBCH repetitions, we do not see a strong benefit of controlling the PBCH repetition by eNodeB in Option B and C.
Proposal 1: One configuration of the PBCH transmission should be defined based on Option 1A. The UE in enhanced coverage should have two hypotheses regarding the PBCH transmission, i.e., normal PBCH transmission and the PBCH transmission with repetition.
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Figure 1 – PBCH repetition schemes.
3. Usage Cases for Spare Bits in MIB
At the RAN1#80 meeting, there were also discussions regarding whether or not to use spare bits in the MIB for the LC-MTC UEs and/or UEs in enhanced coverage. We consider that there are some usage cases for such spare bits in the MIB even though they should be used only for critical usage cases. 

The features for enhanced coverage (EC) may be supported for both normal LTE and LC-MTC UEs. The indication of the EC features in MIB may be helpful in order to suggest those UEs to operate in normal coverage or in enhanced coverage. However, the UEs supporting the EC feature do not yet know whether they are in normal coverage or enhanced coverage. The UEs may work as if they are in enhanced coverage and such a UE behavior would prolong the initial access procedure for the UE in normal coverage. Therefore, in addition to the indication, the UE behavior needs to be specified. One approach is to refer to the discussion for the PRACH repetition. Namely, the UEs decide on whether they are in normal coverage and enhanced coverage based on the RSRP or RSRQ measurement. Once the UE is found to be in enhanced coverage and knows that the NW supports the EC features, the UE works assuming the EC. In this case, the MIB indication of EC features may include scheduling information (the number of repetitions) and MCS for the SIB1.
Another usage case for the spare bits for MIB is to inform the UEs of the NW support for LC-MTC. However, this only helps the LC-MTC UEs to stop the initial access procedures earlier and is not critical usage case. 

Proposal 2: The signaling regarding the enhanced coverage features via MIB should be considered. 

Proposal 3: In order for the UEs to determine whether enhanced coverage features are applied or not, the method to allow UEs to decide whether they are in normal coverage or enhanced coverage based on RSRP/RSRQ should be also investigated.
4. Conclusion
In this contribution, we described our views on the PBCH repetitions and its configurations. Regarding the options, we would need further clarification on the configurations. We also presented our initial thoughts on the usage cases for spare bits in the MIB. The proposals of this document are summarized below. 
Proposal 1: One configuration of the PBCH transmission should be defined based on Option 1A. The UE in enhanced coverage should have two hypotheses regarding the PBCH transmission, i.e., normal PBCH transmission and the PBCH transmission with repetition.
Proposal 2: The signaling regarding the enhanced coverage features via MIB should be considered. 

Proposal 3: In order for the UEs to determine whether enhanced coverage features are applied or not, the method to allow UEs to decide whether they are in normal coverage or enhanced coverage based on RSRP/RSRQ should be also investigated.
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