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1. Introduction
In RAN1#80b, the following agreements have been made regarding PBCH: 
Agreement: 

· PBCH repetition option is 3A for FDD and as a working assumption for TDD

· It is up to the network whether to configure PBCH repetitions in a cell or not

· The PBCH repetition configuration can be regarded as a long-term property of the cell

· UE can assume the PBCH repetition on/off is the same in subsequent wake-up as initial acquisition

· FFS the other subframe for repetition

· For TDD, can revisit if significant issues are found

In this contribution, we provide our view on the PBCH repetition options  

2. PBCH repetition options
Regarding the other subframe for repetition, we have the following observations:

Observation 1: The subframe can be different for FDD/TDD, since the UE knows if the cell is FDD/TDD after PSS/SSS detection.

Observation 2: If the working assumption for TDD is confirmed, the repetition has to be the same for different TDD configurations
There are some constraints with the collision of PBCH with other type of signals/channels. For example, if a subframe is configured for PBCH repetition it cannot be configured as MBSFN subframe. There is also the problem of collision of PBCH and CSI-RS, which cannot be properly detected by legacy UE that are configured with CSI-RS in the same subframe as the PBCH repetition. This collision does not happen when SIB1 is transmitted, or when a subframe is configured as a paging subframe.
In the following, we treat separately the FDD and TDD cases, and discuss the possible positions for the PBCH repetition subframe.
2.1. FDD

For FDD, all subframes can be potentially used for PBCH repetition. In table 1, we show the
Table 1 PBCH repetition options, FDD

	Subframe
	Observations

	0
	Agreed for repetition

	1
	MBSFN

	2
	MBSFN

	3
	MBSFN

	4
	Paging

	5
	SIB1, Paging

	6
	MBSFN

	7
	MBSFN

	8
	MBSFN

	9
	Paging


In FDD we have a lot of flexibility, and we should use one of the paging subframes to decrease the collision with CSI-RS, and also leave the MBSFN unused.

In the case of paging subframes, it is preferable to select a paging subframe with a lower priority, so the best options would be subframe 4 or 5 (in the case of selecting subframe 9 and low bandwith (e.g. 1.4MHz, 5MHz) the overhead would be too large to allow any paging opportunity in that subframe). In the case of subframe 5, the PBCH repetition will collide with SIB1 for 1.4 MHz, which will increase the overhead for that particular subframe, but will decrease the probability of CSI-RS collision. So for FDD, we propose to use subframe 4 for PBCH repetition. 
Proposal 1: For FDD, use subframe 4 for PBCH repetition.
2.2. TDD

In the case of TDD, not all subframes are available for DL transmissions. In Table 2 we summarize the potential issues with the different subframes

Table 2 PBCH repetition options, TDD

	Subframe
	Issues

	0
	Agreed for repetition

	1
	Partial DL

	2
	U

	3
	U (except 5)

	4
	U (0-3-6)

	5
	SIB1, Always D, Paging

	6
	Partial DL (0,1,2,6), Paging

	7
	MBSFN, U in (0-1-2-6)

	8
	MBSFN, U in (0-1-6)

	9
	U (0), MBSFN


To support the highest possible number of TDD configurations we rule out subframes 2, 3, 4, 7, 8. With partial DL subframes (1, 6) different TDD configurations would have different number of available RE, and the repetition level will not be enough in many cases to consider. If we choose to repeat in subframe 9, then TDD config. 0 will not have the possibility of repeating PBCH. Also, for TDD config. 0 we only have SF5 (used by SIB1 in even subframes) and partial subframes. In the case of 1.4MHz bandwidth it is not possible to transmit SIB1 and MIB simultaneously in subframe 5, so the same amount of repetitions is not possible in this case.
Subframe 5 was ruled out before because it includes SIB1 transmission in even subframes. A possible solution would be to choose option 2A for TDD, but this would give a different repetition level for FDD and TDD and, therefore, different coverage enhancement level.  In RAN1#80b it was observed that frequency hopping can improve the performance of SIB1, and that its location will be fixed by PCID/MIB/spec. Therefore, SIB1 can be transmitted outside the center 6RB so PBCH repetition is possible in subframe 5 for almost all bandwidth values except for 1.4 MHz. For 1.4MHz bandwidth, it is not possible to use subframe 5 for all radio frames due to SIB1 transmission. On the other hand, due to smaller bandwidth, there is natural PSD boosting if we transmit 43 dBm in 1.4 MHz comparing to transmitting 43 dBm in 10 MHz. There is approximately a 6dB gain in SNR (for the same MCL) with respect to a 10MHz bandwidth cell, which is roughly the same gain achieved by repeating PBCH 4 times, not accounting for channel estimation error. The alternative is to support PBCH repetition 2A, i.e. in subframe 5 of odd radio frames. 
Proposal 2: For TDD, we can either adopt 2A in subframe 5 of odd radio frame for all bandwidth, or adopt 3A in subframe 5 for all bandwidth execpt for 1.4 MHz (do not support PBCH repetition for 1.4MHz BW). 
3. Repetition signaling in MIB/SIB1

Even when a UE does not need PBCH repetition, it would be helpful to broadcast whether PBCH repetition is used for different purposes. For example, a UE might be in good coverage conditions at a given time, so it is able to decode PBCH without using the repetitions. If repetitions are enabled, they can be exploited the next time the UE wakes up. Also, this information is useful for rate matching purposes for both eMTC devices and future non-MTC devices scheduled in the same PBCH repetition region.
This PBCH repetition can be signaled in MIB or SIB1. If it is signaled in MIB, then we can exploit that information to decode SIB1 (e.g. rate maching). The signaling options are:

· Signal in MIB. FFS if we can derive this information from other bits (e.g. if we signal coverage enhancement in MIB then we are repeating PBCH). All channels rate match around PBCH repetitions.
· Signal in SIB1. All channels rate match around PBCH, except for SIB1 that is punctured by PBCH.

Proposal 3: FFS: signal whether the eNB is repeating PBCH for rate matching purpose. 
4. Summary

Proposal 1: For FDD, use subframe 4 for PBCH repetition.

Proposal 2: For TDD, we can either adopt 2A in subframe 5 of odd radio frame for all bandwidth, or adopt 3A in subframe 5 for all bandwidth execpt for 1.4 MHz (do not support PBCH repetition for 1.4MHz BW). 

Proposal 3: FFS: signal whether the eNB is repeating PBCH for rate matching purpose. 
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