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1. Introduction
In RAN1 #72bis, the following observations and agreements for PBCH have been made [1]:
Agreements:
· The coverage requirement for PBCH may be met with a combination of repetition of the current PBCH in each subframe and PSD boosting (e.g., 4dB) within 40ms (for FDD systems)

· Repetition alone cannot meet the coverage requirement for the current PBCH

· The coverage requirement for PBCH may alternatively be met with a new PBCH design (for TDD and FDD systems) 

· A new design can consider: a longer period, reduced MIB content, intermittent transmission. Repetitions and/or PSD boosting will be helpful for new design to meet the requirement

· Also other system information that needs to be broadcasted to enhanced coverage MTC UEs beside MIB contents can be considered in the new PBCH design

· Other low rate coding schemes or spreading can be considered for new design

· Further study could determine if there is a benefit of

· Using implementation-based solution such as new decoding techniques

Observations:

· To minimize system impact, it is important to only provide MTC UEs with the amount of coverage compensation that they need

· 36.888 sec 9.1 “Not all UEs will require coverage enhancement, or require it to the same amount. It should be possible to enable the techniques only for the UEs that need it.”

· The resources for the common channels (PBCH, PRACH) must target the worst condition MTC UE irrespective of the number of MTC UEs, and therefore are of significant importance for operational efficiency for operators

Agreements:
· The section 9.5 TPs addressing the common channels should include text on any observable diminishing returns for a technique

· Example: ~200 repetitions are required for 20dB, but ~50 repetitions are required for 17dB

· The RAN1#73 SI conclusion can capture diminishing returns with increase in resource utilization for coverage improvement

This paper analyzes the diminishing returns and resource utilization for repetition on PBCH coverage enhancement for low-cost MTC UEs.
2. Evaluation and Analysis on PBCH with Repetition
Repetition has been identified as a technique for PBCH coverage enhancement. Simulation results from different sourcing companies show that, without PSD boosting, as many as 36~95 repetitions of the current PBCH in a radio frame are needed to bridge 11.7dB gap for FDD [2]. 
Theoretical gain provided by repetitions can be calculated by 
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is repetition number. Therefore, to provide 11.7dB gain only needs around 15 repetitions and 10/5 dB gain only needs 10/4 repetitions respectively in theory.  However, considering the realistic channel estimation, the required repetition number will be larger than theoretical value. Figure 1 shows the coverage gains with different number of repetitions for both theoretical and actual values. Simulation assumption and detail simulation results can be found in the appendix. From the simulation results we see that ~80 repetitions  of current PBCH  are required for 11.7 dB enhancement, but ~40/6 repetitions are required for 10/5 dB enhancement respectively.
Observation # 1:  About 80 repetitions  of current PBCH  are required for 11.7 dB enhancement, but only 40 /6 repetitions are required for 10/5 dB enhancement respectively.
The gap between theoretical gain and actual gain increases with a decreasing target SINR value as Figure 2 shown. One main reason is that channel estimation accuracy degrades more with lower SINRs. For example, at SINR = -10dB, the gap between theoretical and actual gain is around 1.3dB, while at SINR = -15dB, the gap increases to 5.5dB. As a result, in low SINR region, a larger number of repetitions is needed to bridge this gap in additional to the theoretical value. In another word, in the low SINR region, to achieve the same gain, more resources are required. For example, in order to be able to reduce the target SINR from -16.9dB to -19.5dB (i.e., increase the coverage gain by 2.6dB more), the repetition number needs to increase from 40 to 100 (i.e., 2.5 times resources can provide 2.6dB gain); from SINR target of -6.8dB to -9.2dB, only 2 repetition (i.e., 1 retransmission) is needed, i.e., doubling resources can provide 2.4dB gain. 

Observation # 2:  In very low SINR region (e.g., SINR=-16.9dB ~-19.5dB), 2.5 times resources provide 2.6dB coverage gain compared with around 4dB gain theoretically. However, for SINR target of -6.8dB to -9.2dB, doubling resources can provide 2.4dB gain compared with the 3dB gain in theory.
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Figure 1 Gain for PBCH with different numbers of repetition
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Figure 2 Performance gap between theoretial gain and actual gain with different target SINR values
3. Text Proposal 

Text proposal for PBCH coverage improvement in TR 36.888
---------------------------------------------Start text proposal----------------------------------------------------------
9.5.2
PBCH
9.5.2.1 Coverage enhancement

The coverage requirement of PBCH may be addressed by

1) A combination of repetition of the current PBCH in subframe #0 of a radio frame onto every subframe of that radio frame  (i.e., a new PBCH structure) and PSD boosting (e.g., 4 dB) within 40 ms (for FDD systems)
· The repetition alone cannot meet the coverage requirement for the current PBCH where MIB changes every 40ms due to SFN update (e.g., as many as 36~95 repetitions of the current PBCH in a radio frame are needed).
2) A new PBCH design (for TDD and FDD systems)

· A new design can consider techniques such as: a longer period, reduced legacy MIB content, intermittent transmission. Repetitions and/or PSD boosting may be helpful for new design in order to meet the requirement.

· Also other system information that is required to be broadcasted to enhanced coverage MTC UEs beside MIB contents can be considered in the new PBCH design.

· Other low rate coding schemes or spreading can be considered for new design.

3) Further study could determine if there is a benefit of using UE implementation-based solutions such as decoding techniques. 

The coverage requirement for PBCH according to Sec 9.2 is 11.7 dB for FDD and 17.7dB for TDD. Observable diminishing returns include, as an example, with realistic channel estimation and no PSD boosting: 

· 80 repetitions  of current PBCH  are required for 11.7 dB enhancement, 

· 40 repetitions are required for 10 dB enhancement, and 

· 6 repetitions are required for 5 dB enhancement. 

---------------------------------------------------End text proposal-----------------------------------------------------
4. Conclusion
In this paper, we evaluated and analyzed the performance of PBCH with repetition. We observed that:

Observation # 1:  About 80 repetitions  of current PBCH  are required for 11.7 dB enhancement, but only 40 /6 repetitions are required for 10/5 dB enhancement respectively.

Observation # 2:  In very low SINR region (e.g., SINR=-16.9dB ~-19.5dB), 2.5 times resources provide 2.6dB coverage gain compared with around 4dB gain theoretically. However, for SINR target of -6.8dB to -9.2dB, doubling resources can provide 2.4dB gain compared with the 3dB gain in theory.

In addition, we proposed revision of text proposal for section 9.5.2 including the above observation.
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Appendix

Table A1 Simulation Assumption
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Antenna configuration
	2x2

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Performance target
	1% BLER

	PBCH payload
	24 bits

	Channel estimation
	Averaging over 2 subframes
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Figure 3 BLER vs SNR for PBCH with different numbers of repetition
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