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1 Introduction
PBCH coverage enhancement was discussed in the last meeting, and the following agreements were achieved: 
Agreements:
· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec

· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.

· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)

· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting

· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported

· Supporting all TDD DL/UL configuration is considered

This contribution will further evaluate performance of PBCH repetitions assuming implementation methods could be applied, and provide analysis in terms of overhead, complexity, latency, etc. 
2 Discussion
Performance evaluations on PBCH coverage enhancement for FDD and TDD were provided in [1] and [2], which were based on combining the repetitions of legacy MIB. It was observed that almost all of the subframes within the PBCH period of 40 ms are needed for repetitions to achieve the coverage extension target for FDD if PSD boosting is not applied. For TDD, in addition to every downlink subframe used for repetitions, PSD boosting would be needed to achieve the same MCL as FDD systems. Note that the 4 dB coverage loss by single antenna was assumed and relative 10.7 dB coverage enhancement to the performance of UEs with two receive antennas was targeted in evaluations. Considering minimizing the spectral efficiency loss, intermittent transmission was proposed to trade off between the spectral efficiency loss and UE power consumption or latency for acquiring MIB.
Implementation methods, such as “Keep Trying”, could potentially provide the ability to decode MIB correctly without any changes to the legacy PBCH transmission [3]. It was observed that the BLER drops quickly as the number of trials increases in the large SNR region. However, when UEs are located in a coverage hole (e.g., 15 dB penetration loss), many trials would be performed to ensure 1% BLER at the low SNR region [3] [4]. It was agreed that repetition should be specified to improve coverage, as keeping trying decoding using a repeated PBCH in contrast to using legacy PBCH is expected to achieve the target performance quickly. Considering combining repetitions and “Keep Trying”, several solutions for PBCH coverage enhancement are evaluated in terms of performance, overhead, complexity, latency, etc.
2.1 Solutions for PBCH coverage enhancement

The PBCH repetitions in all of the following solutions occur within 40msec and transmit only in center 6PRBs as it was agreed in the last meeting. In addition, two PBCH transmissions per subframe are assumed, which include the legacy PBCH in subframe #0. PBCH could repeat in the following ways during each radio frame within the 40msec period, but the repeated PBCH periods could be intermittent or continuous:
a) Solution 1: Only using subframe 0, and the repeated PBCH periods are continuous, 
b) Solution 2: Using two subframes ( e.g., 0, 5), and the repeated PBCH periods are intermittent,
c) Solution 3: Using two subframes ( e.g., 0, 5), and the repeated PBCH periods are continuous,
d) Solution 4: Using four subframes (e.g., 0, 1, 5, 6), and the repeated PBCH periods are intermittent.
UEs would keep trying decoding the repeated PBCH for each solution. 

2.2 Evaluations on performance, overhead, complexity, and latency

The four solutions will be evaluated and compared in terms of performance of UEs keeping trying decoding the repeated PBCH, overhead, complexity, latency for MIB acquisition, etc. 

1) Performance

It was observed from the TR that the required SNR for PBCH is -7.5 dB for FDD and TDD [5] by the MCL coverage analysis. For the requirement of 15 dB coverage enhancement and assuming the same achievable MCL, the target absolute SNR would be -14.2 dB for FDD and TDD. The target performance is set as 1% BLER. When examining performance, UEs with a single receive antenna are assumed in the simulations and other assumptions are summarized in Table 2 in Appendix. 
Simulation results show that UEs need to keep trying 72 times decoding the repeated PBCH to get the target performance at the SNR of -14.2dB for solution 1. Similarly, 25 and 9 repeated PBCH periods would be tried for decoding in solutions 2 & 3 and solution 4, respectively. 
2) Overhead
When examining overhead, a 1.4MHz carrier is assumed. Denoting the overall resources is Y and the amount of resource occupied by PBCH transmission (including the legacy PBCH) is X, then the overhead is X/Y. Under this assumption, the overhead for solutions 1 and 3 is 4.76% and 9.52% when the repeated PBCH periods are continuous, respectively. For solutions 2 and 4, the overhead is the same 4.76% as solution 1 when the intermittent periodicity is 80 ms and 160 ms, respectively.  
3) Latency

Latency depends on how many repeated PBCH periods will be needed for “Keep Trying” decoding to reach the target performance, and also needs to include the intermittent time between the repeated bursts. Hence, latency for solution 1 is 72×40 = 2880 ms. For solution 2, latency includes the time for trying 25 repeated PBCH periods and the intermittent time 40 ms between two PBCH bursts, i.e., 25×40×2 = 2000 ms. Similarly, latencies for solutions 3 and 4 are 1000 ms and 1440 ms, respectively. 
4) Complexity

The metric for complexity is number of the blind trials which is different in the meaning with the trial of one repeated PBCH period. For example, UEs need to try 72 repeated PBCH periods in solution 1 to get 1% BLER at the target SNR with latency of 2880 ms, during which time UE would perform 288 blind trials by sliding reception window one radio frame by one radio frame. Similarly, 200, 100, and 144 blind trials are envisaged in solutions 2, 3, and 4, respectively. 
5) TDD configurations supportability

For the first three solutions, up to two subframes are used for PBCH repetitions. If the two subframes are subframes # 0 and #5, all TDD configurations could be supported. For solution 4, all TDD configurations could be supported by a variant of 6 PBCH transmissions in subframes #0 and #5 with 3 per subframe and two PBCH transmissions in subframes #1 and #6 with one per subframes #0 and #5. Note that special subframe configurations 0, 5 and 9 are excluded.
6) Commonality for FDD and TDD

Up to two subframes are used for the first three solutions, so the solution could be common in use of subframes for FDD and TDD, e.g., subframes #0 and #5 are used for both FDD and TDD, but the RE mapping can vary due to different resource occupancy of PSS/SSS in FDD and TDD. For solution 4, the same four subframes could be used for both FDD and TDD, but the subframes could be different also if needed. 
Based on analysis as above, evaluations for the four solutions are summarized in Table 1. 
Table 1: Summary of evaluations for the four solutions

	Solutions

Metric
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	Performance

(BLER@-14.2 SNR)
	1%
	1%
	1%
	1%

	Overhead
	4.76%
	4.76%
	9.52%
	4.76%

	Complexity

(Number of blind trials)
	288
	200
	100
	144

	Latency (ms)
	2880
	2000
	1000
	1440

	TDD configurations supportability
	All
	All
	All
	All*

	Commonality for FDD and TDD
	Common in use of subframe and RE mapping
	Common in use of subframes.

RE mapping could be the same or different
	Common in use of subframes.

RE mapping could be the same or different
	Common or different**.

RE mapping is different.


*: The variant could support all TDD configurations, but special subframe configurations 0, 5 and 9 are excluded.
**: The same four subframes could be used for both FDD and TDD, but the subframes could be different also if needed. 
Observations are concluded from the summary in Table 1:
Observation 1: Solutions 1, 2 and 4 have the advantage of lower overhead over solution 3 at the cost of longer latency and larger complexity. 
Observation 2: Solution 4 has the advantage of lower complexity and shorter latency over solutions 1 and 2 at the same overhead. 
2.3 RE mapping for PBCH repetition

As discussed above, PBCH repetition mapping in subframes #0 and #5 could change in FDD and TDD systems considering the system specific resource occupancy of PSS/SSS. The common RE mapping for PBCH repetition would reduce specification changes. Specifically, the common mapping design for the PBCH repetition in subframe #0 wherein assuming there are two PBCH transmissions is illustrated in Fig. 1. 
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Fig. 1: PBCH repetition mapping in subframe #0 for FDD and TDD
If the PBCH repetition occurs in subframe #5, in which one common mapping design with one PBCH transmission is illustrated in Fig. 2 and the mapping is also as same as the legacy PBCH in subframe #0. Alternatively, the mapping design in Fig. 1 with two PBCH transmissions is also applied to subframe #5. 
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Fig. 2: PBCH repetition mapping in subframe #5 for FDD and TDD
In addition, one additional PBCH could be mapped onto the available OFDM symbols in subframe #0 in Fig. 1 and the same mapping is applied to subframe #5 in Fig. 2 assuming the first two OFDM symbols are used for PDCCH for TDD.

Based on analysis as above, the following proposals are presented:

Proposal 1: Intermittent repetitions using two or four subframes per radio frame are desirable for shorter latency and lower complexity.
Proposal 2: Specifying intermittent repetitions using four subframes per radio frame for better tradeoff between overhead and latency or complexity.
Proposal 3: The same PBCH repetition mapping for FDD and TDD is preferable if the same subframe is used. 
3 Conclusions

Further evaluations on PBCH repetitions based on UEs keeping trying decoding is provided in this contribution. Several solutions for PBCH coverage enhancement for both FDD and TDD are analyzed in terms of multiple aspects including overhead, complexity, latency, etc, which lead the following proposals:
Proposal 1: Intermittent repetitions using two or four subframes per radio frame are desirable for shorter latency and lower complexity.
Proposal 2: Specifying intermittent repetitions using four subframes per radio frame for better tradeoff between overhead and latency or complexity.
Proposal 3: The same PBCH repetition mapping for FDD and TDD is preferable if the same subframe is used. 
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Appendix
Table 2: Simulation assumptions for “Keep Trying” the repeated PBCH

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Modulation Mode
	QPSK

	Channel Estimation
	Realistic one subframe channel estimation

	Performance target
	1% miss probability
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