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1. Introduction
In RAN1#75 meeting, the following agreements on PBCH were reached.

Agreements:
· 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 share our view on repetition burst within the 40ms PBCH cycle and configuration of transmission across 40ms cycles. RE mapping of PBCH repetition is also discussed.
2. Discussion
2.1. Repetition burst within the 40ms PBCH cycle
Four options were agreed to define the repetition burst within the 40ms PBCH cycle. One of the four options will be selected.

· 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 simulation results in our contribution [1], it is observed that with implementation techniques including PSD boosting, cross-subframe channel estimation and “keep trying” decoding technique, the PBCH coverage improvement target can be met within about 2 seconds. PBCH repetition can further reduce the PBCH acquisition time. For example, the PBCH acquisition time can be reduced to about 640ms if PBCH is repeated in subframe #0 continuously. On the other hand, it is observed that “keep trying” technique is essential to achieve the PBCH coverage improvement target no matter which option for repetition burst within the 40ms PBCH cycle is adopted [2].
Thus the option for repetition burst within the 40ms PBCH cycle shall be selected considering the trade-off between resource overhead and UE decoding attempts.

There are clear benefits if the PBCH is repeated in subframe #0 only (option 1). 

· Best cell spectral efficiency due to least resource overhead for PBCH repetition
· Minimal scheduling impact since PBCH is repeated in subframe #0 only
· Least UE implementation impact is expected since the legacy PBCH is transmitted in subframe #0 as well
· Maximal commonality for FDD and TDD
Considering the delay tolerant property of MTC UEs in enhanced coverage mode and all the benefits mentioned above, we propose to adopt option 1 to define the repetition burst within the 40ms PBCH cycle.
Proposal 1: Option 1 (repetition in SF#0) is selected to define the repetition burst within the 40ms PBCH cycle.

2.2. Configuration of transmission across 40ms cycles

There are three options 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.

From UE complexity perspective, both option B and option C require the UE to decode PBCH twice every radio frame/TTI assuming legacy PBCH and PBCH repetition respectively during the initial access. Whether option A can simplify the UE complexity depends on the UE implementation. For example, some UEs may still decode PBCH twice every radio frame/TTI assuming legacy PBCH and PBCH repetition respectively to reduce the PBCH acquisition time as much as possible. Other UEs may start decoding PBCH assuming PBCH repetition continuously only after it fails to decode legacy PBCH. Consequently, the PBCH acquisition time may increase.
From eNB flexibility perspective, it is obvious that option B is the best while option A is the worst. Different cells may have different coverage improvement targets. Therefore, option A is not palatable from cell spectral efficiency perspective. 
From specification impact perspective, option A and option B only impact physical layer specification. Option C impacts RRC specification in addition to physical layer specification. Correspondingly, RRC overhead is introduced if option C is adopted.
Considering the analysis above, we propose to select option B for configuration of transmission across 40ms cycles.

Proposal 2: Option B (Dynamic on/off of repetitions on a per 40x ms cycle basis) is selected for configuration of transmission across 40ms cycles. In other words, PBCH repetition pattern across 40ms cycles is transparent to UEs.

2.3. Available REs for PBCH repetition

Based on our proposal 1, PBCH is only repeated in subframe #0. We discuss available REs for PBCH repetition in subframe #0 as follows.

It is natural to follow the current principle that PBCH is transmitted in the center 6 PRBs regardless of the system bandwidth. 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:
Although the control region size is dynamic, 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 1: Number of OFDM symbols used for PDCCH
	Subframe
	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. For 1.4MHz bandwidth system, if PBCH is repeated in a certain subframe #0, there are no REs for PDSCH scheduling since there are 6 PRBs in total and user data and MIB repetition are not transmitted in the same PRBs. Therefore, 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:

For FDD and TDD, PSS and SSS are transmitted in different OFDM symbols. When considering available REs for PBCH repetition, there are two alternatives.

· Alternative 1: REs for FDD PSS, FDD SSS and TDD SSS are excluded for PBCH repetition for both FDD and TDD
· Alternative 2: REs for FDD PSS and FDD SSS are excluded for PBCH repetition for FDD; REs for TDD SSS are excluded for PBCH repetition for TDD
Alternative 1 keeps the commonality of PBCH RE mapping for both FDD and TDD. However, many REs are wasted since these REs cannot be used for user data either. Although the legacy PBCH RE mapping for both FDD and TDD is the same, it is not necessary since the UE can distinguish FDD and TDD from synchronization signal due to different SS locations. From the cell spectral efficiency perspective, alternative 2 is preferred.
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 number of REs available for PBCH repetition with and without potential CSI-RS REs is calculated in Table 2.
Table 2: Calculation of number of REs for PBCH repetition

	
	Normal CP
	Extended CP

	
	TDD
	FDD
	TDD
	FDD

	Legacy PBCH
	240 REs
	240 REs
	216 REs
	216 REs

	Available REs for PBCH repetition (including potential CSI-RS REs)
	384 REs
	312 REs
	264 REs
	192 REs

	Available REs for PBCH repetition (excluding potential CSI-RS REs)
	336 REs
	264 REs
	168 REs
	96 REs


It is observed that if all the potential CSI-RS REs are excluded for PBCH repetition, 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)

	
[image: image5.emf]Control region

SSS

Legacy PBCH

CRS

Available REs for PBCH repetition


	
[image: image6.emf]Control region

SSS

Legacy PBCH

CRS

Available REs for PBCH repetition




Figure 2: Available REs for PBCH repetition for TDD (normal CP & extended CP)

Proposal 3: 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.
2.4. PBCH RE mapping
The current PBCH Tx processing flow is depicted as follows in Figure 3. 
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Figure 3: PBCH Tx processing flow

In order to repeat MIB within 40ms TTI without affecting legacy PBCH, there are following candidate solutions.
· Solution 1: The procedures before RE mapping are exactly the same as legacy PBCH processing. The RE mapping to the available REs for PBCH repetition is newly defined while the RE mapping to the legacy PBCH region is not changed.
· Solution 2: The procedures before rate matching are exactly the same as legacy PBCH processing. From rate matching, two parallel coding chains similar as legacy procedures are defined for legacy PBCH and repeated PBCH respectively.
Comparing the two solutions, solution 1 has minor specification impact and UE implementation impact. Regarding the RE mapping to the available REs for PBCH repetition, there are two alternatives.
· Alternative 1: The set of complex-valued symbols mapped to that subframe according to the legacy RE mapping procedure is mapped to the available REs for PBCH repetition in the same subframe in increasing order of first frequency domain, then time domain.
· Alternative 2: All the complex-valued symbols mapped to that TTI is mapped to the available REs for PBCH repetition in that TTI in increasing order of first frequency domain, then time domain.

It is proposed to discuss the detailed PBCH RE mapping and decide the approach.
3. Conclusion

Based on the agreements in the last meeting and our analysis in section 2.1 and 2.2, we propose to select option 1 and option B to define the repetition burst within the 40ms PBCH cycle and configure transmission across 40ms cycles. PBCH is repeated in subframe #0 only within the 40ms PBCH cycle and the repetition pattern across 40ms cycles is transparent to UEs.

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.

Detailed PBCH RE mapping needs to be discussed and decided.
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