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Discussion and Decision
1
Introduction
In RAN1#80, it was agreed that, for PBCH repetition,
· Choose among Option 1-A or 2-A or 3-B or 3-C or 4-B or 4-C in RAN1#80bis. 

· In subframes where PBCH repetition occurs, available REs in PRB pairs containing MIB are used for PBCH

· Available REs are REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS
· Handling of possible collision with CSI-RS in these PRB pairs is FFS
· Rel-13 low complexity MTC UE assumes the legacy control region is set to 3 OFDM symbols
· Working Assumption: RE mapping for FDD and TDD are different in at least SF#0
· NOTE: The PBCH repetition may not be an integer. 
In this contribution, we discuss PBCH transmission in coverage enhancement.
2
PBCH Transmission
In RAN1#80, it was agreed to choose among options 1-A or 2-A or 3-B or 3-C or 4-B or 4-C for PBCH transmission in RAN1#80bis. The options can be summarized as follow –
· 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 

· 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.

Furthermore, in subframes where PBCH repetition occurs, it was agreed that available REs in PRB pairs containing MIB are used for PBCH. This means all REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS are used for PBCH. When evaluating options, it was clarified that companies should clearly define the configuration of transmission across 40ms cycles and the network and UE behaviors. Furthermore, power consumption, latency, complexity, and overhead should be considered in the evaluation. 
Latency:
The acceptable latency for mobile originated traffic from event trigger to reception of reported application message by eNB is expected to be less than 5 seconds [1]. This delay budget comprises synchronization, MIB acquisition, M-SIB1 acquisition, RRC connection setup and payload transmission. At 155.7dB, the PDSCH and PUSCH data rates are approximately 2.0 kbps and 0.8 kbps, respectively when multi-subframe channel estimation and frequency hopping are used. To transmit a payload of size 100 bytes would require approximately 1 sec. Synchronization and SIB acquisition may require up to 3 secs depending on how frequently the MSIBs are trasnmitted, while random access and RRC connection setup would require approximately 1 sec. MIB acquisition times for the four options are shown in Figure 1 and summarizes in Table 1. Note that the results shown here are better than those shown in [2] due to (1) using all the REs in the PRBs and (2) longer channel estimation filter length (6 vs 3). 
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Figure 1. PBCH (MIB) acquisition time with multiple decoding attempts, SNR=-14.3dB.
Table 1 also shows the number of OFDM symbols used for PBCH Transmissions in 40ms. For this analysis, control region size of 3 OFDM symbols was assumed. In addition, subframes #0 and #5 contain two PSS/SSS symbols. Note that, in some cases, the number of PBCH repetition within 10ms is not an interger.
Table 1. MIB acquisition time at SNR=-14.3 dB (MCL=155.7 dB).
	Option
	No of OFDM symbols used for PBCH Transmissions in 40ms
	Acquisition Time (ms)

	
	
	90% Success Rate
	95% Success Rate
	99% Success Rate

	1
	36
	360
	600
	1480

	2
	54
	160
	360
	1000

	3
	80
	40
	160
	560

	4
	168
	40
	40
	220


From the table, it can be seen that option 1 has very long acquisition time and might not be able to satisfy the latency requirement in case of event triggered reporting. If option 2 is used, then the latency may still be an issue as approximately 1 sec will be required for 99% MIB acquisition success rate. Options 3 and 4 are acceptable from a latency perspective.

Observation: Option 1 results in long MIB acquisition time and might not be able to satisfy the latency requirement in case of event triggered reporting.
Overhead:
The overhead for the four options are shown in Table 2 for several system bandwidths of interest.  From the table, it is seen that options 1-3 have acceptable overhead, while the overhead for option 4 can be quite high, especially for smaller system bandwidth.
Table 2. PBCH overhead for various options.
	Option
	5 MHz
	10 MHz
	20 MHz

	1
	1.5%
	0.8%
	0.4%

	2
	2.3%
	1.2%
	0.6%

	3
	3.4%
	1.7%
	0.9%

	4
	7.2%
	3.6%
	1.8%


Observation: The overhead for option 4 can be quite high especially for smaller system bandwidth.
Power Consumption:
Power consumption analysis in [3] shows that MIB acquisition accounts for approximately 5-6% of the power consumption each time the UE wakes up to send uplink data report. This assumes regular reporting every {5min, 30min, 1hr}, hence the need to acquire the SFN from the MIB. SI acquisition, however, was not considered. If SI acquisition was also included, then PBCH power consumption as a percentage of total power consumption would be smaller.
In the power consumption analysis from [3], MIB acquisition time of 1600ms was assumed, which is similar to the acquisition time of option 1. Using the acquisition times for other options, the UE would be able to save 32%, 62%, and 85% in PBCH power consumption. This would translate into total power saving for the entire transmission of approximately 1.6%, 3.2%, and 4.4% for options 2, 3, 4, respectively. Although this is not expected to significantly affect battery life, a small reduction in total power consumption is possible.
Observation: Small reduction in total power consumption is possible with options 2-4.
Network Behavior:
The following network behaviour can be expected for the different options –
· Options A: If CE is supported, the network will always transmit repeated copies of the PBCH.
· Options B: If CE is supported, the network can dynamically decide within each 40ms PBCH period whether to transmit repeated copies of the PBCH. This allows full flexibility e.g. in case radio resource is needed for other uses, or if the network is not expecting access from MTC traffic.
· Options C: If CE is supported, the network will always transmit repeated copies of the PBCH based on one of the possible predefined patterns across a given number of cycles. Several patterns may be predefined (e.g. each with different amount of overhead), and the network will select one pattern.
Observation: Network behaviour is clearly defined for all options.
UE Behavior:

The following UE behaviour can be expected for the options –
· Options A: For initial access, the UE does not know whether CE mode is supported. Thus, it would have to try two different PBCH decoding hypotheses – one with repeated PBCH copies within 40ms and one without. For subsequent access, UE in CE may be able to assume that repeated PBCH copies are present.
· Options B: UE does not know whether PBCH repetition is there since it can be dynamically turned on or off by the network. Thus, it would have to always try two different PBCH decoding hypotheses – one with repeated PBCH copies within 40ms and one without.
· Options C: For initial access, the UE does not know whether PBCH repetition is there since it does not know the pattern (e.g. since it has no knowledge of the SFN or which pattern is being selected by the network). Thus, it would have to try two different PBCH decoding hypotheses – one with repeated PBCH copies within 40ms and one without. For subsequent access, UE in CE may be able to assume that repeated PBCH copies are present according to the predefined pattern.

Observation: For initial access, UE behaviour is the same for all options. For subsequent access, option B would require additional decoding hypothesis.
Table 3 provides a qualitative comparision of the different options. From the table, it is seen that option 3 represents a good compromise between overhead and acquisition time. For initial access, the UE does not know if eNB supports coverage enhancement feature or not, so it must anyway try two different PBCH decoding hypotheses – one with repeated PBCH copies within 40ms and one without. Thus, this must be supported at the UE and the overall UE design complexity is the same for options A-C. For subsequent access to the cell, it is reasonable to assume that the computation is similar for all methods with slightly less UE complexity if continuous transmission is assumed or a pattern is used. From the eNB implementation perspective, there should not be any different in term of complexity about the three options.
Table 3. Qualitative comparison of different options.
	Option
	Latency
	Overhead
	Relative Power Consumption
	Network Behavior - Repetition
	UE Behavior – Initial Access
	UE Behavior – Subsequent Access

	1-A
	High
	Low
	High
	Always on
	Blind decoding of hypotheses
	Known

	2-A
	High
	Medium
	Medium
	Always on
	
	

	3-B
	Medium
	Medium
	Low
	Dynamic
	
	Blind decoding of hypotheses

	3-C
	Medium - High
	Low - Medium
	Low - Medium
	Pattern
	
	Known

	4-B
	Low
	High
	Low
	Dynamic
	
	Blind decoding of hypotheses

	4-C
	Low - Medium
	Medium - High
	Low - Medium
	Pattern
	
	Known


Given the above observations and discussion, it is proposed that –

Proposal: Option 3-B is supported for PBCH transmission in enhanced coverage.
3
Conclusion
In this contribution, we evaluate different PBCH transmission in coverage enhancement and make the following proposal based on our observations –

Proposal: Option 3-B is supported for PBCH transmission in enhanced coverage.
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