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1 Introduction
In RAN1#79, it was agreed that PBCH related agreements in Rel-12 are applied for Rel-13 low complexity UEs and coverage enhancement UEs [1]. 
Agreements:
· Agree that PBCH related agreements in Rel-12 captured in the background in R1-145400 are applied for Rel-13 low-complexity UEs and coverage enhancement UEs
· Working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage
· Note: FFS: utilize spare bits in MIB
In this contribution, we discuss the detailed design of coverage enhancement for PBCH in Rel-13 based on the agreements.
2 Discussion

2.1 Legacy PBCH utilization

It is a working assumption that legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage. It is proposed to confirm the working assumption so that legacy PBCH can be combined with PBCH repetitions. Whether/how to utilize spare bits in MIB can be considered later.
Proposal 1: Confirm the working assumption that legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage.
2.2 Coverage enhancement target

The MCL of PBCH is 149 dB for normal LTE coverage for both FDD and TDD in TR36.888. The target MCL was agreed to be 155.7dB in RAN1#79bis. Furthermore, the coverage loss of PBCH due to 1Rx antenna is assumed to be 4dB. Therefore, coverage enhancement target of PBCH is 10.7dB for both FDD and TDD.
Observation 1: Coverage enhancement target of PBCH is 10.7dB for both FDD and TDD.

2.3 Repetition option

It was agreed that repetition should be specified as a method to improve coverage. Furthermore, PBCHs are transmitted only in center 6 PRBs and PBCH repetition occurs within 40ms.

The candidate options for repetition burst within the 40ms PBCH cycle and configuration of transmission across 40ms cycles are as follows.
· 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 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 essence, different options provide different number of repetitions. It is obvious that option 4 provides the most number of repetitions within 40ms. However, the resource overhead is too high to use center 6 PRBs in 4 subframes to transmit PBCH. It is even worse for TDD that option 4 cannot be applied to some UL-DL configurations, e.g. 0, 1 and 6. In addition, CSI-RS may not be possible to be transmitted in these subframes depending on RE mapping design. Therefore, it is proposed to not consider option 4.
For option 1, 2 and 3, implementation based technique(s) need to be considered in addition to repetition in order to achieve 10.7dB coverage enhancement target for PBCH. Table 1 and Table 2 show the performance of PBCH repetition option 1 and option 3 with implementation techniques, i.e. “keep trying”, PSD boosting and cross-subframe channel estimation. The simulation assumptions are listed in appendix. Table 1 assumes PBCH repetition in subframe #0 while Table 2 assumes PBCH repetition in subframe #0 and #5. Both assume all the REs in the centre 6 PRBs other than 3 control region OFDM symbols, synchronization signals, legacy PBCH and CRS are used for PBCH repetition.
Table 1: Coverage improvement gains of PBCH with repetition in Subframe #0 and implementation techniques
	Repetition mode
	Intermittent  repetition period (ms)
	Number of 40ms PBCH keep trying decoding attempts

	
	
	2
	4
	8
	16
	32
	64

	No repetition
	
	3.9
	5.3
	7.0
	8.2
	10.2
	12.0

	Continuous repetition
	
	6.3
	8.0
	9.9
	11.0
	
	

	Intermittent repetition
	80
	5.6
	6.9
	9.1
	10.3
	12.1
	

	
	160
	4.5
	6.5
	8.5
	9.8
	11.8
	

	
	320
	4.2
	5.7
	8.1
	9.5
	11.3
	

	
	640
	4.0
	5.4
	7.3
	9.2
	11.0
	

	
	1280
	3.9
	5.3
	7.1
	8.7
	11.0
	

	
	2560
	3.9
	5.3
	7.0
	8.6
	10.3
	12.0


Table 2: Coverage improvement gains of PBCH with repetition in Subframe #0&#5 and implementation techniques
	Repetition mode
	Intermittent  repetition period (ms)
	Number of 40ms PBCH keep trying decoding attempts

	
	
	2
	4
	8
	16
	32
	64

	No repetition
	
	3.9
	5.3
	7.0
	8.2
	10.2
	12.0

	Continuous repetition
	
	8.2
	9.5
	11.2
	
	
	

	Intermittent repetition
	80
	7.4
	8.4
	10.8
	
	
	

	
	160
	4.7
	7.6
	9.7
	11.6
	
	

	
	320
	4.2
	5.8
	9.0
	11.0
	
	

	
	640
	4.0
	5.4
	7.4
	10.0
	11.7
	

	
	1280
	3.9
	5.3
	7.1
	8.8
	11.0
	

	
	2560
	3.9
	5.3
	7.0
	8.6
	10.3
	12.2


Option 1 provides additional 6 OFDM symbols for PBCH repetition while option 3 provides additional 17 OFDM symbols which is approximately 3 times compared to option 1. For continuous repetition and intermittent repetition with short period, the number of decoding attempts required for option 3 is halved compared to option1.  For intermittent repetition with long period, the required number of decoding attempts is the same for both options. From resource efficiency perspective, option 1 is preferred for PBCH repetition within 40ms.
Although tens of PBCH decoding attempts are needed to achieve the overall 15dB coverage enhancement, the following needs to be considered as well.
· Not all the cells target for a 15dB coverage enhancement

· Within a cell, PBCH needs to target for the worst UE but not all Rel-13 low complexity UEs would be in the worst locations, i.e. requiring the overall coverage enhancement of 15dB

· UE does not need to decode PBCH frequently

· Other common messages for bandwidth reduced Rel-13 UEs are expected to be transmitted and/or repeated in the center 6 PRBs which would limit the available resources for PBCH repetition

Option 1 is preferred from resource overhead perspective as well. Therefore, we propose to adopt option 1 for PBCH repetition within 40ms.
Proposal 2: Option 1 is adopted for PBCH repetition within 40ms.
Among option A, B and C, option A is preferred from UE power consumption perspective since less PBCH decoding attempts are required while option B is preferred from eNB flexibility perspective.
Proposal 3: Option A or B is adopted for PBCH repetition across 40ms cycles.

2.4 Available REs for PBCH repetition
Based on our proposal 2, PBCH is only repeated in subframe #0. We discuss available REs for PBCH repetition in subframe #0 as follows.

Within the center 6 PRBs in subframe #0, it is desired to use all the possible REs for PBCH repetition since we agreed that user data and MIB repetition are assumed not to be sent in the same PRBs. Meanwhile, it is recognized that some REs should not be used for PBCH repetition as analyzed below. 

Control region:
Considering dynamic control region size, maximum control region size should be assumed when considering available REs for PBCH repetition. The control region size is specified as follows in 36.211.

Table 3: Number of OFDM symbols used for PDCCH
	Subframe
	Number of OFDM symbols for PDCCH when 
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	Number of OFDM symbols for PDCCH when 
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	Subframe 1 and 6 for frame structure type 2
	1, 2
	2

	MBSFN subframes on a carrier supporting PDSCH, configured with 1 or 2 cell-specific antenna ports
	1, 2
	2

	MBSFN subframes on a carrier supporting PDSCH, configured with 4 cell-specific antenna ports
	2
	2

	Subframes on a carrier not supporting PDSCH
	0
	0

	Non-MBSFN subframes (except subframe 6 for frame structure type 2) configured with positioning reference signals
	1, 2, 3
	2, 3

	All other cases
	1, 2, 3
	2, 3, 4


It can be seen that the maximum control region size is 4 OFDM symbols for 1.4MHz bandwidth system and 3 OFDM symbols for larger bandwidth system. UE does not know the system bandwidth when initially decode PBCH, thus the assumption of control region size shall be the same for all the system bandwidths. For 1.4MHz bandwidth system, if PBCH is repeated in a certain subframe #0, there are no REs for PDSCH scheduling since the total 6 PRBs are used for PBCH transmission, i.e. only uplink grant may be transmitted in the control region in that subframe. In that case, 3 OFDM symbols should be sufficient thus it is reasonable to assume maximum 3 OFDM symbols for control region for 1.4MHz bandwidth system as well.

CRS:
It is reasonable to follow the current principle that REs for CRS antenna ports 0-3 are excluded in PBCH RE mapping irrespective of the actual configuration.

Synchronization signals:

The REs for synchronization signals shall be excluded in PBCH RE mapping. Note that PSS and SSS are transmitted in different OFDM symbols for FDD and TDD. Consequently, the RE mapping for PBCH repetition would be different for FDD and TDD. However, it is not a problem since the UE can distinguish FDD and TDD from synchronization signal due to different SS locations. 

Legacy PBCH:

The REs for legacy PBCH transmission, i.e. the first 4 OFDM symbols in slot #1, cannot be used for PBCH repetition for backward compatibility.

CSI-RS:

The CSI-RS resource is configured by higher layer signaling which is unknown to UE when decoding PBCH initially. If REs for CSI-RS transmission is excluded for PBCH repetition, all the potential REs for CSI-RS transmission shall be excluded. The available REs in a single subframe decrease a lot especially for extended CP case. Since the PBCH is only repeated in subframe #0, CSI-RS can be configured in other subframes, it is preferred that potential CSI-RS REs are NOT excluded for PBCH repetition.

In summary, we propose the available REs for PBCH repetition are REs in the center 6 PRBs in subframe #0 excluding:

· The first 3 OFDM symbols

· REs for CRS antenna ports 0-3

· For FDD, the last two OFDM symbols in slot #0; For TDD, the last OFDM symbol in slot #1

· REs for legacy PBCH, i.e. the first 4 OFDM symbols in slot #1

The available REs for PBCH repetition in one PRB of the centre 6 PRBs are illustrated in Figure 1 and Figure 2 for FDD and TDD respectively.
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Figure 1: Available REs for PBCH repetition for FDD (normal CP & extended CP)
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Figure 2: Available REs for PBCH repetition for TDD (normal CP & extended CP)

Proposal 4: Available REs for PBCH repetition are REs in the center 6 PRBs in subframe #0 excluding:

· the first 3 OFDM symbols; 

· the first 4 OFDM symbols in slot #1;

· the REs for CRS antenna ports 0-3;

· the last two OFDM symbols in slot #0 for FDD, the last OFDM symbol in slot #1 for TDD.
3 Conclusions

In this contribution, we discuss the detailed design of coverage enhancement for PBCH in Rel-13 with the following proposals:

Proposal 1: Confirm the working assumption that legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage.
Proposal 2: Option 1 is adopted for PBCH repetition within 40ms.

Proposal 3: Option A or B is adopted for PBCH repetition across 40ms cycles.

Proposal 4: Available REs for PBCH repetition are REs in the center 6 PRBs in subframe #0 excluding:

· the first 3 OFDM symbols; 

· the first 4 OFDM symbols in slot #1;

· the REs for CRS antenna ports 0-3;

· the last two OFDM symbols in slot #0 for FDD, the last OFDM symbol in slot #1 for TDD.
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5 Appendix
Table 5: Simulation assumptions on PBCH

	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2.6GHz 

	Channel model
	EPA

	Doppler spread
	1Hz

	Performance target
	1% BLER
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