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Discussion and Decision
1
Introduction
In RAN1#75, PBCH repetition burst and configuration for enhanced coverage mode were discussed. The following agreements were reached – 

· 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, we consider the performance and impacts from various options and provide our preferences for PBCH in enhanced coverage mode.
2
PBCH Performance
For the PBCH, the target SINR is -14.3dB corresponding to 10.7dB coverage improvement. At this target SINR, approximately 24 repetitions (or equivalently 96 PBCH transmissions) are required together with 3dB pilot boosting as shown in Figure 1. If 3dB pilot and PBCH boosting is used, 12 repetitions (or equivalently 48 PBCH transmissions) are required.
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Figure 1. PBCH performance with repetition (FDD).

From the results, it is seen that 4×4×24 = 384 OFDM symbols are required to transmit the PBCH if only pilot boosting is used. This translates into a transmission of approximately 32 subframes assuming the center 6 PRBs would be fully utilized for PBCH only and 2 symbols are used for the PDCCH in every subframe.
In addition to repetition and PSD boosting, implementation means such as multiple decoding attempts can also be used. This method relies on the UE to keep decoding as many of the PBCH transmissions as needed until it eventually succeeds. It relies on channel fading and noise variations to imply that the decoding will eventually be successfully. Note that even for a stationary UE, a Doppler of 1 Hz is reasonable due to changes in the environment and surroundings. 

Figure 2 illustrates performance of multiple decoding attempts. From the figure, it is seen that approximately 200 decoding attempts must be tried to ensure 99% decoding success rate. This corresponds to acquisition time of 8 seconds. With 3dB pilot boosting, the number of required decoding attempts is reduced to 120, corresponding to acquisition time of 4.8 seconds. Note that these times are for 99% decoding success rate which may be considered as a worst case scenario. In practice, most UEs will be able to acquire the PBCH much sooner than this.
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Figure 2. PBCH performance with multiple decoding attempts, SNR=-14.3dB.

The gain from multiple decoding attempts is directly dependent on the allowable PBCH acquisition time and is shown in Table 1 below. From the table, it can be seen that the PBCH acquisition time increases substantially as the target SNR decreases. Note that 3dB pilot boosting is used here. If repetition or PSD boosting is used, then the acquisition time can be reduced significantly.

 Table 1. PBCH acquisition time for 99% decoding success rate, 3dB pilot boosting
without employing PBCH repetition.
	Target SNR (dB)
	Gain (dB)
	No of PBCH Attempts for 99% success rate
	Acquisition Time (ms)

	-3.6 
	0
	1
	40 

	-6.6 
	3
	6
	240 

	-9.6 
	6
	20
	800 

	-14.3 
	10.7
	120
	4800 


3
Discussion

From the performance results shown in Section 2, it is clear that repetition is needed. In addition, it is desirable to have the same design that can satisfy the coverage requirement for both TDD and FDD systems. This means that at least repetition in SF#0 must be supported. In this case, one repetition factor can be supported for the PBCH. Whether additional repetition is needed depends on the latency requirement as the MIB acquisition is directly related to number of repetitions. 
From the guidance provided in [2], the latency for mobile originated traffic from event trigger to reception of reported application message by eNB is given to be 5 seconds. In light of the results from Table 1, it is seen that at least one additional repetition should be supported. If a common solution is desired across all TDD configurations, then SF#5 should be selected. Each SF#5 can support two additional repetitions of the PBCH. However, SIB1 is transmitted on SF#5 of every even radio frames, so only odd radio frames can be used. 

If SF#0 and SF#5 in odd radio frames are used, then 2 additional PBCH repetitions can be transmitted per 40ms. This corresponds to 4×4×3 = 48 OFDM symbols being used for the PBCH. This corresponds to an estimated acquisition time of less than 800 ms for the 99%-tile using a combination of repetition, PSD boosting, and multiple decoding attempts.
Proposal 1: PBCH is repeated in SF#0 of all radio frames and in SF#5 of odd radio frames.
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Figure 3. Mapping for PBCH repetition.

One common RE mapping for PBCH repetitions for TDD and FDD is shown Figure 3. In this case, the PBCH is repeated once in SF#0 of all radio frames and twice in SF#5 of odd radio frames.
Proposal 2: Aim for a common RE mapping for TDD and FDD (see Figure 3 for example).
Note from Figure 3 that there are some unused symbols in the subframes. For example, for FDD there is one unused OFDM symbol in SF#0 while for TDD there are two unused OFDM symbols (assuming 3 OFDM symbols are reserved for PDCCH). These remaining symbols may also be used for PBCH repetition, although the expected gain is small and the specification impact is non-negligible. Alternately, they can be used for other purposes such as additional reference signals to improve channel estimation performance. 
Proposal 3: Consider using remaining OFDM symbols in SF#0 and SF#5 for PBCH repetition also.

For PBCH configuration, both intermittent (either dynamic or via pattern) and continuous (always on) repetition have been proposed. The possible options under consideration are shown in Figure 4. Continuous means the PBCH repetition is always on if it is supported by the eNB. However, the UE does not know if eNB supports this feature or not. Dynamic means PBCH repetition can be dynamically configured every 40ms cycle. It is not known at the UE whether repetition is used or not. Pattern means that a pattern can be configured based on a multiple of 40ms cycle. It is also assumed that the UE does not know the pattern and will have to determine this blindly. The key advantage with dynamic or pattern-based configuration is that the amount of PBCH overhead can also be configured by the network. 
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Figure 4. PBCH configuration.

At the UE, it must make independent decoding decision on the MIB decoding every 40ms (since the MIB across the 40ms boundary cannot be combined). From a performance perspective, continuous transmission naturally has the smallest latency. In term of overhead, the additional overhead for continuous transmission is 9.52% for 1.4MHz carrier but only 1.1% for 10MHz carrier. In term of UE’s computation complexity, this depends on the receiver algorithm at the UE side. It is, however, reasonable to assume that the computation is similar for all methods with possibly slightly less UE complexity if continuous transmission is assumed. From the eNB implementation perspective, it is definitely easiest to always have PBCH repetition on. Since the repetition amount was already selected to balance between latency and overhead, continuous repetition is preferred to ensure that the latency requirement can be met.
Proposal 4: PBCH is either dynamically configured or always repeated in every 40ms cycle in enhanced coverage mode.
4
Conclusion
In this contribution, we consider the performance and impacts from various options and provide our preferences for PBCH in enhanced coverage mode. Based on our analysis, the following proposals are made –

Proposal 1: PBCH is repeated in SF#0 of all radio frames and in SF#5 of odd radio frames.
Proposal 2: Aim for a common RE mapping for TDD and FDD.
Proposal 3: Consider using remaining OFDM symbols in SF#0 and SF#5 for PBCH repetition also.

Proposal 4: PBCH is either dynamically configured or always repeated in every 40ms cycle in enhanced coverage mode.
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