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Discussion/Decision
1
Introduction
In RAN1 #74bis meetings, a noticeable progress was made for PBCH coverage enhancement and options for the PBCH repetitions has been narrowed down in RAN1 #75 as followings:
Agreements in RAN1 #74bis:
· 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
Agreements in RAN1 #75:

· 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.
In this contribution, the remaining details of the enhanced coverage PBCH design will be discussed.
2
Discussion
It has been agreed that PBCH repetition is transmitted in the center 6 PRBs and the repetition is applicable only within 40ms window which is used for legacy PBCH. Therefore, the available resources for PBCH repetition are quite limited especially in TDD since only four downlink subframes including DwPTS available in TDD UL/DL configuration 0. In order to reduce the implementation complexity potentially for a coverage enhanced UE which is compatible with both FDD and TDD network, it is desirable to design a coverage enhanced PBCH which can be commonly used for FDD and TDD. In that sense, the limitation of the number of downlink subframes for PBCH repetitions seem to be reasonable and the following four options agreed are in line with the motivation of the common coverage enhanced PBCH design for FDD and TDD:
· 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

From the previous study, it has been observed that 10.7 dB coverage enhancement is required for PBCH in the case that a UE receiver is implemented with a single RF. However, any options mentioned above may not achieve 10.7dB performance enhancement itself from legacy PBCH due to the lack of repetitions which is evaluated in the figure 1. As seen in the figure 1, about 7.5dB coverage enhancement may be achieved from the option 4 which has the largest repetitions at 1% BLER. In this case, it is assumed that the rest of required coverage enhancement (e.g. 3.2dB for option 4) may be further achieved by so-called keep trying method which forces UE to keep try to receive PBCH until it succeeds. Therefore, there is a trade-off between PBCH detection delay and repetition overhead since using less downlink resources (e.g. option 1) may increase resource utilization as less PBCH repetition is used while it increases PBCH detection delay due to lower chance to succeed PBCH decoding in each decoding attempt. 
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Figure 1. BLER performance according to the PBCH burst option.
The figure 2 shows the detection probability according to the BLER performance which may be related to the PBCH detection delay. Given that the 10.7dB coverage enhancement SNR range is around -17dB based on 1% BLER, the BLER performance for each options at -17dB is {option 1: 45%, option 2: 35%, option 3: 15%, option 4: 4%}, thus one can approximately calculate the required number of attempts using the BLER performance at -17dB using the figure 2. As seen in the figure 2, the detection probability within the first attempt is as high as 99% with the option 4 and a UE will succeed to decode PBCH in the second attempt with 99.9% chance if the UE failed to receive it in the first attempt. The option 3 seems to provide reasonable detection probability as it may provide around 90% detection probability at the first attempt in the worst coverage limitation case. On the other hand, the option 1 and 2 may require much larger number of attempts as compared with option 3 and 4 as it shows low detection probability.
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Figure 2. PBCH detection probability according to the BLER performance.
Given that the PBCH repetition overhead may be significantly reduced by using intermittent transmission, the option 4 seems to be quite attractive as the most of coverage limited UE may succeed in the first attempt even in 10.7dB coverage limited case. Considering that the number of downlink subframe is limited in TDD case, the option 3 is also acceptable.

Proposal 1: adopt either option 3 or option 4 for PBCH repetition burst
Three options have been defined for the PBCH repetition cycle as following:
· 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.

As we discussed above, the intermittent transmission may significantly reduce the PBCH repetition overhead therefore option B and C seem to be appropriate as the intermittent transmission can be implemented in those options. Assuming that intermittent transmission is used, it is beneficial to inform that the location of PBCH repetitions for the UEs supporting coverage enhancement mode to handle the collision between PDSCH and PBCH repetitions which allows more flexible scheduling. In that sense, option C seems to be simpler choice as no signaling is required to inform the location of the PBCH repetition if a predefined repetition pattern is used. On the other hand, the option B may need to dynamically indicate the on/off of the PBCH repetitions which may require additional specification efforts from the control signaling perspective. 
Proposal 2: adopt option C for the PBCH repetition cycle
3
Conclusion
In this contribution, we discussed the remaining details of PBCH coverage enhancement including PBCH repetition burst and cycle. From the discussions, we propose followings:
Proposal 1: adopt either option 3 or option 4 for PBCH repetition burst
Proposal 2: adopt option C for the PBCH repetition cycle
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Appendix
Table 1. Simulation assumptions

	Parameter
	Setting

	System bandwidth
	1.4 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Channel estimation
	Realistic

	Doppler spread
	1Hz

	Performance target
	1% BLER


