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1 Introduction

This tdoc presents and analyses the performance of PBCH “option 1” as described in the Chairman’s notes from RAN1#75 below:

· 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 the next meeting 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.

The tdoc presents the PBCH acquisition time for “Option 1” for different PBCH coverage gains (10.7dB, 6dB, and 3 dB) and for different percentiles (99%, 90%, and mean). In addition, this tdoc analyses the PBCH acquisition time performance to determine if it is well proportioned (e.g. not over engineered) compared to other procedures (SIB acquisition, RACH, PDCCH, sending UL/DL data). Finally, the tdoc includes some discussion regarding the advantages of Option 1 over the other options.
2 Option 1 Acquisition Time Performance

For the repeat 2X option 1, the repetition is within the subframe #0. One example of such a scheme is shown in Figure 1:

 
[image: image1.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13

Legacy Control Region

Repeated

 PBCH

SSS PSS PBCH Continue Repeated PBCH


Figure 1: PBCH Legacy and one repeat within SF0

The following table shows the acquisition times for different percentiles (99%, 90% and mean) and for different PBCH SNRs (see appendix I for CDF graphs).  PBCH coverage gain is calculated based on a legacy 1% PBCH BLER at -3.5 dB SNR from [2, 3]. Simulation parameters were: EPA1 channel, 2x1 antenna configuration, CFO=100Hz, imperfect channel estimation.
	2X Repetition

Intermittency
	SNR
	Coverage 

Gain
	Mean 

Acquisition Time (ms)
	90%-tile

Acquisition Time (ms)
	99%-tile 

Acquisition Time (ms)

	repetition sent every frame
	-14.2 dB
	10.7 dB
	126
	240
	1400

	
	-9.5 dB
	6 dB
	47
	80
	160

	
	-6.5 dB
	3 dB
	41
	40
	80

	repetition sent every 2nd frame
	-14.2 dB
	10.7 dB
	171
	360
	1600

	
	-9.5 dB
	6 dB
	53
	80
	200

	
	-6.5 dB
	3 dB
	43
	40
	120

	repetition sent every 4th frame
	-14.2 dB
	10.7 dB
	223
	520
	2080

	
	-9.5 dB
	6 dB
	56
	80
	240

	
	-6.5 dB
	3 dB
	44
	40
	120


TABLE 1: Acquisition times for “Option 1”
Observation: Although the 99%-tile PBCH acquisition time is lengthy (1400ms), the 90%-tile (240 ms) and mean (126 ms) are much less.
Since battery consumption would not be calculated based on 99%-tile but the mean, the lengthy 99%-tile acquisition time has little effect on battery life. 

Conclusion: Option 1’s mean acquisition time performance should results in good power consumption

In contrast, the applications latency tolerance may be more concerned with the 99%-tile than the mean as some application may have to be designed for a worse case latency scenario. Since the application will need to be able to tolerate message latency as well as MIB acquisition latency, it is useful to consider the possible latency of other access procedures to see if the MIB acquisition latency is well proportioned to the latency of other procedures. From [4], it shows that excluding the MIB+SIB acquisition time, it will take at least ~10 seconds for a UE requiring 15 dB of coverage improvement to send a 1000 bit message, and receive a 400 bit ack. Given the analysis in [4] does not include control plane (e.g. PDCCH decode times) and system delays, this is a best case scenario.  Since the MTC application would need to be designed to handle a ~10sec message latency, a 1400ms PBCH latency @ 99%-tile for Option 1 appears to be well proportioned (i.e. Option 1 is not over engineered. It’s not just good … it’s good enough(). In addition, if shorter PBCH acquisition times are required, PSD boost or UE implementation specific methods (e.g. Correlation decoder) could be deployed.

Conclusion: Option 1’s acquisition time performance is well proportioned to other access procedures 

Observation:  The PBCH acquisition times drop sharply when < 10.7dB of PBCH coverage gain is required (e.g. 99%-tile for 6 dB is only 160 ms).
Conclusion: Given the above observations, only UEs in the deepest coverage holes will experience lengthy acquisition times and then only occasionally (e.g. 1% of the time).

3 Option 1 Advantages
The following section discusses several advantages for option 1 over the other three options.
Fewer specification changes: 
· Repeating PBCH within SF0 will minimize impact on cell search procedure, inter-frequency measurements  [1]
· Fewer subframes need to be specified

· Can be used for all TDD configurations 

Lower UE Implementation Complexity

· UE complexity is lower since less repeats are processed and combined.
More efficient scheduling 
· It is easier for the eNB to schedule smaller repeat burst (2X) 
Option 1 works better with Option A (always repeat)

· Less NW resources would be used and the UE would only need to do one decode per frame 

4 Observations, conclusions, and proposals
Conclusion: Option 1’s acquisition time performance is well proportioned to other access procedures 
Observation: The PBCH “option 1” has many advantages over the other options (fewer specification changes, lower UE implementation complexity, and more efficient scheduling).
Proposal:  RAN1 should specify “option 1” as the PBCH coverage enhancement solution. 
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