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1 Introduction

In RAN1#74bis meeting, repetition for PBCH coverage enhancement was agreed as follows [1],
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
In the last meeting, PBCH repetition was agreed to be adopted to improve PBCH coverage of MTC UEs, and intermittent repetition or continuous repetition can be considered for PBCH repetition. To obtain the agreed gain of PBCH repetition, further study on the performance of repetition including potential decoding techniques was also agreed.

So, in order to evaluate the performance of PBCH repetition, we provide the simulation results of intermittent and continuous PBCH repetition with larger decoding latency in this contribution. We also show our view on PBCH repetition for coverage enhancement of MTC UEs.
2 Evaluation results for PBCH repetition
The target of enhanced coverage MTC UE is providing 15dB coverage enhancement (in case of FDD) with respect to their respective nominal coverage. For coverage enhancement of low-cost MTC UEs with single Rx, additional enhancement of 4dB would be required. Therefore, PBCH needs to enhance 6.7dB according to the coverage analysis in [2], and coverage enhancement of 10.7dB would be necessary for low-cost MTC UEs.
To enhance coverage of PBCH for MTC UEs, two repetition schemes, intermittent repetition and continuous repetition are being considered.

In legacy PBCH transmission, the PBCH is divided into 4 segments, and these 4 segments are transmitted through subframe #0, #10, #20, and #30 every 40msec as shown in Figure 1.(a). 
When PBCH is repeated intermittently, as depicted in Figure 1.(b), repeated PBCHs are transmitted additionally within 40msec and this 40msec PBCH bursts are transmitted intermittently.  During the period which does not transmit PBCH burst, only legacy PBCHs are transmitted.
For continuous PBCH repetition, additionally repeated PBCHs are transmitted continuously as shown in Figure 1.(c).

[image: image1.emf]10msec


(a) Legacy PBCH transmission
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(b) An example of intermittent PBCH repetition
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(c) An example of continuous PBCH repetition
Figure 1. PBCH repetition for coverage enhancement
In this section, we compare the PBCH resource overhead to achieve the target coverage gain, when intermittent repetition and continuous repetition are applied to PBCH transmission. For evaluation, it is assumed that UE may keep trying to decode PBCH during 1280msec or 2560msec. The detailed simulation assumptions are given in Table 3 in the Annex.

For 1280msec decoding period, performance of 2 times (i.e. 1 additional PBCH every radio frame) and 3 times (i.e. 2 additional PBCHs every radio frame) PBCH repetition are evaluated for continuous repetition. For intermittent PBCH repetition, 10 times PBCH repetition (i.e. 9 additional PBCHs every radio frame) in a PBCH burst with 320msec PBCH burst period and 5 times PBCH repetition (i.e. 4 additional PBCHs every radio frame) in a PBCH burst with 160msec PBCH burst period are considered.
Figure 2 shows the BLER performance for each PBCH repetition schemes. This simulation result shows that 3 times repetition is needed for continuous PBCH repetition to obtain 10.7dB coverage gain compared to legacy PBCH. According to Table 1, which shows overhead of continuous repetition in terms of required additional PBCHs, this repetition scheme requires 200% additional PBCH where amount of PBCHs for legacy PBCH transmission is regarded as 100%. 
On the other hand, when intermittent PBCH repetition is applied, 10 times repeated PBCH with 320msec PBCH burst period achieves 10.7dB coverage enhancement target. Intermittent PBCH transmission with 5 times repetition and 160msec period also almost obtains the required coverage gain. This repetition scheme requires 100~112.5% of additional PBCH according to Table 2 which shows overhead in terms of required additional PBCH when intermittent repetition is applied.
In case of 2560msec decoding period, 2 times repetition is evaluated for continuous PBCH repetition. For intermittent PBCH repetition, sparser repetition cases (with smaller amount of additional PBCHs) are considered compare to the case with 1280msec decoding period. Performances for 2, 3, and 4 times PBCH repetition in a PBCH burst with 160msec PBCH burst period and 10 times PBCH repetition with 640msec PBCH burst period are evaluated.
Evaluation result for 2560msec decoding period is shown in Figure 3. According to the simulation result, 2 times continuous PBCH repetition can achieve 10.7dB target performance gain since the UE can try to decoding PBCH during longer time compare to the case with 1280msec decoding period.
For intermittent PBCH repetition case, 10 times repeated PBCH with 640msec PBCH burst period achieves 10.7dB coverage target. For the case of 10 times repeated PBCH with 640msec burst period, 4 PBCH bursts are transmitted during the PBCH decoding period. And also, for the case of 10 times repeated PBCH with 320msec burst period considering 1280msec PBCH detection period above, same number (i.e. 4) of PBCH bursts are transmitted during the PBCH decoding period. So these two cases get similar performance gains even though their PBCH burst periods are different, and only 56.25% of additional PBCHs are required for the case of 10 times repeated PBCHs with 640msec burst period (with 2560msec PBCH detection period). 3 and 4 times of PBCH repetition with 160msec PBCH burst period, which have small number of PBCH repetitions in a 40msec PBCH burst, also meet the target PBCH coverage gain. Table 3 shows that 3 times and 4 times PBCH repetition with 160msec PBCH burst period requires 50% and 75% of additional PBCHs.
From these simulation results, we can observe that less PBCH overhead can be consumed by intermittent repetition compared to continuous repetition to achieve the target coverage gain. In addition, for intermittent repetition, the required number of repetition in a 40msec PBCH burst can be chosen or reduced by adapting PBCH burst period and/or PBCH detection period. In other words, intermittent repetition allows more system flexibility with lower overhead compared to continuous repetition.
Observation 1: Intermittent PBCH repetition requires about half of PBCH overhead compared to continuous PBCH repetition to achieve the target coverage gain.

Observation 2: For intermittent PBCH repetition, the repetition number can be selected/determined by adapting PBCH burst period and/or PBCH detection period. 
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Figure 2. Performance of intermittent and continuous PBCH repetition in 1280msec detection period
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Figure 3. Performance of intermittent and continuous PBCH repetition in 2560msec detection period

Table 1. PBCH overhead for continuous repetition (Cases meet the target gain are marked)
	Repetition
	Detection period
	Number of additional PBCH / Number of legacy PBCH

	X2
	1280msec
	128/128 (100%)

	X2
	2560msec
	256/256 (100%)

	X3
	1280msec
	256/128 (200%)


Table 2. PBCH overhead for intermittent repetition (Cases meet the target gain are marked)

	Repetition in 40msec burst
	PBCH burst period
	Detection period
	Number of additional PBCH / Number of legacy PBCH

	X2
	160msec
	2560msec
	64/256 (25%)

	X3
	160msec
	2560msec
	128/256 (50%)

	X4
	160msec
	2560msec
	192/256 (75%)

	X5
	160msec
	1280msec
	128/128 (100%)

	X10
	320msec
	1280msec
	144/128 (112.5%)

	X10
	640msec
	2560msec
	144/256 (56.25%)


3 PBCH repetition for MTC coverage enhancement
Assuming longer detection of PBCH is not a big concern, according to the simulation results, it is observed that overhead of both techniques can be reduced by allowing longer detection latency. In terms of overall overhead consumption, it is shown that intermittent repetition can achieve better spectral efficiency. Also, it allows better flexibility to adjust the period of burst transmission according to the system situation, which supports flexible control on the spectral efficiency and the coverage requirement that system wants to support. Yet, there is a concern whether the large number of repetitions (if required) can be accommodated within 40msec particularly with TDD system. Continuous repetition, on the other hand, can be simple. However, adding/prefixing PBCH resources for additional transmissions in every radio frame may not be so effective in terms of handling legacy UEs and system functionalities. Moreover, continuous transmission should be occurred regardless whether coverage enhanced MTC UEs exist or not. In general, it offers less flexibility and higher spectral efficiency degradation compared to intermittent transmission. 

For example, when 2 times of PBCH repetition is applied for PBCH coverage enhancement and PBCHs are transmitted through subframe #0 and #5 continuously, legacy UEs cannot receive data through center 6 PRBs in subframe #5. Then, it would restrict data scheduling for legacy UEs. It can be more serious for TDD system with small number of downlink subframes. This also does not allow system information acquisition (e.g. SIB1) in 1.4MHz bandwidth system. In addition, paging performance in small bandwidth TDD system is also considerably impacted. Putting the additional PBCH in subframe #0 can also impact the system performance for SIB and paging acquisition. Also, putting additional PBCH in subframe #0 in FDD system, particularly with extended CP, is not easily achievable due to the lack of good consecutive four OFDM symbols usable for additional PBCH. 
Furthermore, resource restriction for PDSCH can also be a problem for low-cost MTC UEs. When legacy SIB or paging signal is shared with low-cost MTC UEs, SIB or paging signal may be transmitted through center 6PRBs since downlink bandwidth for a low-cost MTC UE would be center 6PRBs in initial access stage. But, if SIB or paging signal always be transmitted in center 6PRBs, its scheduling resource would be restricted significantly if additional PBCHs are transmitted through subframe #0 and/or #5.
On the other hand, using intermittent repetition, a small number of repetitions within a 40msec burst can be selected by allowing larger decoding latency. As shown in the evaluation results (refer Table 2), 4 times repetition with 160msec burst period can meet the requirement which requires three additional PBCHs in 4 radio frames during 16 radio frames. Furthermore, 3 times repetition with 160msec burst period almost achieves the target as well in which case, only two additional PBCHs are necessary in 4 radio frames in every 16 radio frames. By limiting repetition to only a few radio frames in a burst period, intermittent transmission will limit the impact on the restriction of PDSCH scheduling for legacy UEs.
Furthermore, as described in Section 2, it is observed that intermittent repetition requires less PBCH resource overhead compared to continuous repetition to achieve the target coverage gain for a given PBCH decoding period. From our evaluation of comparison between intermittent and continuous repetition, about 2 times of PBCHs resources are required for continuous repetition compared to intermittent repetition. Smaller PBCH resource overhead would be another advantage of intermittent PBCH repetition. Furthermore, as mentioned before, intermittent transmission can allow flexibility in terms of coverage enhancement level that the system wants to support and the spectral efficiency control by adapting burst transmission period which can be determined by the network. If the network wants to provide low coverage enhancement level, it can enlarge the burst period and vice versa. One more benefit of intermittent transmission is to allow “fast” acquisition of PBCH after initial access as the network can configure UEs with the location of intermittent transmissions if needed. Additionally, less restricted PDSCH region in center 6PRB will also be beneficial for a low cost MTC UE. 

By comparing pros and cons of each approach, we prefer to adopt intermittent transmission over continuous transmission. Also, we propose to allow network flexibility to adjust PBCH burst period and/or PBCH repetition number considering UE decoding complexity.
Proposal: Coverage enhancement of PBCH is achieved via intermittent repetition. It is also supported that the network flexibly adjusts the period and/or repetition number of PBCH bursts considering UE complexity.
4 Conclusion
In this contribution, we evaluated the performance of intermittent and continuous repetition, and discussed appropriate PBCH repetition for coverage enhanced MTC UEs. Based on the discussion, we obtained following observations and proposal,

Observation 1: Intermittent PBCH repetition requires about half of PBCH overhead compared to continuous PBCH repetition to achieve the target coverage gain.

Observation 2: For intermittent PBCH repetition, the repetition number can be selected/determined by adapting PBCH burst period and/or PBCH detection period. 

Proposal: Coverage enhancement of PBCH is achieved via intermittent repetition. It is also supported that the network flexibly adjusts the period and/or repetition number of PBCH bursts considering UE complexity.
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6 Annex

Table 3. Evaluation assumptions 
	Parameter
	Setting

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1Hz

	Frequency tracking error
	100Hz 

	Performance target
	1% BLER
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