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1 Introduction

The following PBCH coverage enhancement methods are evaluated in this tdoc:

· Intermittent Repetition (defined in [3])

· Keep Trying Method(defined in [1]) 
· Correlation Decoding (defined in [4])

Each solution was evaluated against these criteria:

· Coverage Gain (FDD/TDD)
· Acquisition Time 

· UE Complexity

· System Efficiency

· Standard Changes

2 Brief Description of the Evaluation Criteria

Coverage Gain (FDD/TDD)

Does the method meet the required FDD coverage gain of 10.7 dB and likely meet the potential TDD gain?
PBCH Acquisition Time 

What is the maximum and average acquisition time required to correctly decode the PBCH with 1% error probability?
UE Complexity

How much additional UE complexity is required (e.g. new algorithms, RAM, CPU) to implement the method?

Additional PBCH resources
How much additional PBCH system resources are required to implement the method?
Standards Changes

Which 3GPP groups will need to make standard changes to implement the technique and generally how pervasive are the changes?
3 Evaluation of Coverage Enhancement Techniques 

3.1 Intermittent Repetition

Brief Method Description

This method is mainly defined in clause 2.2 of [3]. From [3], it concludes that 30 repetitions (120 transmissions) are required to achieve 10.7 dB of gain for FDD and these repetitions can fit into one PBCH Frame (40ms) for a 1.4 MHz FDD system. However if different coverage gain levels are required, then different levels of repetition would be necessary which has further UE complexity implication not considered in this evaluation so for this evaluation only 1 level of coverage gain would be supported.
Tdoc [3] suggests the repetition can be intermittently transmitted with a periodicity of 200 frames (2 seconds). Although it is understood that other intermittent periods can be supported, for the purpose of this evaluation a 200 frame intermittent period will be used.  
Evaluation:

Coverage Gain (FDD/TDD)

From [3], the required FDD coverage gain of 10.7 dB can be met using 30 repeats without PSD boosting.

If all TDD configurations are supported, according to [7] around 4 repetitions can be transmitted in a PBCH frame providing 3.5dB of gain. For more gain, the repeats above 4 would need to span beyond the PBCH frame for a 1.4MHz system. This would have additional UE complexity implications (e.g. increase RAM for storing PBCH soft symbols and multiple blind decoding attempts per PBCH frame) which are not considered in this evaluation.
Average PBCH Acquisition Time 

The maximum PBCH acquisition time will occurs if the UE starts PBCH decoding just after the repetition burst was sent so the maximum acquisition time is 2 seconds. 
The average acquisition time is 1 second (half the repetition period). 

UE Complexity

There has not yet been a thorough analysis done on the increase in MIPS or RAM required for this method. The following section briefly describes the main additional processes to be calculated every PBCH frame relative to a legacy UE:

1. 30 times more samples to process (e.g. Disassemble, de-precode, de-layer map, de-modulate, de-scramble, de-rate match) 
2. Combine the 30 repeats – new processing
3. 1 more convolutional decoding  
Additional PBCH resources

This method requires 30 additional PBCH transmissions every 2 seconds. For legacy PBCH, 50 PBCH frames are required every 2 seconds thus 60% more PBCH resource are used for this method.

Standards Changes

This method requires changes to RAN1, RAN2 and RAN4 specification.  The changes required to RAN4 would be minor, but more significant changes would be required to RAN1 and RAN2 specifications. 
3.2 “Keep Trying” method
Brief Method Description

The Keep Trying method was first introduced in [1] and further results were provided in [2]. The Keep Trying method requires the PBCH decoder to increase the legacy number of PBCH decodes that it attempts before considering failure (i.e. before giving up).  For example, increasing the number of decoding attempts from 1 to 20 will give the decoder 19 more chances to decode the PBCH correctly thus providing coverage gain. 

Evaluation:

Coverage Gain (FDD/TDD)

From [2], the required FDD coverage gain of 10.7 dB can be met without repetition or PSD boosting.

Although, not simulated, this method should apply equally well to TDD but no simulation results are available. 
Average PBCH Acquisition Time 

From [2], the maximum PBCH acquisition time occurs when maximum coverage is required which is 720 ms.

From [2], assuming the required UE coverage gains are distributed uniformly, the average acquisition time is 244 ms.

UE Complexity

The UE needs to extend the number of PBCH decoding attempts it tries before giving up. This will not increase RAM or CPU requirements on the UE. The increased number of decoding attempts will increase power consumption.
Additional PBCH resources

This method requires no additional PBCH system resources.
Standards Changes

This method requires no RAN1 or RAN2 standards changes. RAN4 limits may need to be adjusted.
3.3 Correlation Decoder

Brief Method Description

The Correlation decoder was first introduced in [4] and additional performance results were provided in [5] and [6].  In general, the correlation decoder correlates the PBCH frame’s received symbols against all possible PBCH frame symbol sequences and phases, then chooses the sequence with highest correlation as having been transmitted (see [1] for more details). 

Evaluation:

Coverage Gain (FDD/TDD)

From [4], the required FDD coverage gain of 10.7 dB can be met by correlating 9 frames or 90ms.
Although, not simulated, this method should apply equally well to TDD but no simulation results are available. 

Average PBCH Acquisition Time 

From [4], the maximum PBCH acquisition time occurs when maximum coverage is required which is 131 ms (90ms + 41 for process using a 400 MIPS CPU).

For this method, the maximum and average acquisition time are the same (although different length correlations are possible but at the cost of increased UE complexity).

UE Complexity

The UE needs to implement the correlation method. From [4], this method requires 16 MInstructions and requires 0.95KBytes of RAM. The 16MInstructions assumes the spare bits are known to be zero which is currently true for Rel 11 but this may change in future releases. For each spare bit that used in future releases, the number of instructions goes up by 2X.
Additional PBCH resources

This method requires no additional PBCH system resources.

Standards Changes

This method requires no RAN1 or RAN2 standard changes. RAN4 limits may need to be adjusted.

4 Evaluation Summary
	Coverage

Enhancement

Technique
	FDD Gain
	TDD Gain
	Acquisition Time
	Additional UE Complexity
	Additional PBCH Resources
	Required Standard Changes

	Intermittent Repetition
	Yes
	3.5 dB gain 1
	Max 2000ms
Ave  1000ms
	30X Sample Proc.
Combining Repeats
+1 Conv. decodes
	60% more PBCH Resources
	RAN1 –Moderate

RAN2 - Moderate
RAN4- Minimal

	Keep 
Trying method
	Yes
	Likely 2
	Max 720ms

Ave  244ms
	None
	0%
	RAN4- Minimal

	Correlation Decoder


	Yes
	Likely 2
	Max 131ms

Ave  131ms
	15 Minst3
0.95 KB 
	0%
	RAN4- Minimal


Note 1 – For TDD, the repeats beyond 4 (3.5 dB gain) would need to span beyond a PBCH frame which would have additional UE complexity implications.
Note 2 – The TDD gain has not been formally evaluated but the technique should work similarly for TDD so it is “likely” the TDD gain can be met. 
Note 3 – The number of instructions goes up by 2X for every spare bit used in future releases.

5 Conclusions

Observation 1: All methods provide the required 10.7 dB of gain for FDD.
Observation 2: The Intermittent Repetition method will not provide enough gain for TDD without additional UE complexities. 
Observation 3: The Keep Trying method and the Correlation Decoder methods may provide enough gain for TDD but further study is required. 
Observation 4: The Intermittent Repetition method requires the longest acquisition times.
Observation 5: The Keep Trying method is the only method with no added UE complexities.

Observation 6: The Intermittent Repetition method requires the most PBCH resources.

Observation 7: The Intermittent Repetition method requires the most standards changes.

Proposal 1: The Correlation Decoder method should not be used for initial PBCH acquisition when the spare bits in the PBCH are unknown.
Proposal 2: Given the advantages in terms of system efficiency, UE complexity, TDD support, standard changes, and acquisition time for the “Keep Trying” method, the gain provided by the “keep trying” method should be considered when determining the required number of PBCH repetitions and power boosting levels.”
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