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Introduction
In RAN1#80bis meeting, repetition for PBCH coverage enhancement was agreed as follows [1]:

· 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

The option 3A is that PBCH repetition is always transmitted in SF #0 and repetition in 1 other SF in all frames with 40 ms period. In this contribution, we discuss remaining details of PBCH repetition for MTC.

Subframe for PBCH repetition
According to the agreement in the previous meeting, PBCH repetition will be in one subframe in all radio frames in addition to subframe #0. Therefore, we should decide which subframe in addition to subframe #0 should be used for PBCH repetition. Since PBCH should be firstly decoded to access the network without any information on the network service and configuration, it may not be suitable to transmit PBCH repetition on subframes possibly affected by network service (e.g., MBMS). In that sense, it is very straightforward to transmit PBCH repetition on a non-MBSFN subframe (e.g., subframe #4, #5, and #9 in FDD, and subframe #1, #2, #5, #6). 
Proposal 1: PBCH repetition should be transmitted on a non-MBSFN subframe.

The legacy SIB1 is transmitted subframe #5 in every even radio frame. If we support 6 RBs system bandwidth, there may be no room for PBCH repetition in subframe #5. In addition, since subframe #2 in TDD is defined for uplink transmission, it can’t be used for PBCH repetition. In that sense, PBCH repetition should be transmitted on subframe #4 or #9 in FDD, and subframe #1 or #6 in TDD. Otherwise, it is desirable to transmit PBCH repetition on subframe #5. 
Proposal 2: If we support 6 RBs system bandwidth, PBCH repetition should be transmitted on subframe #4 or #9 in FDD, and subframe #1 or #6 in TDD. Otherwise, PBCH repetition should be transmitted on subframe #5.

[bookmark: _GoBack]PBCH repetition rate matching
Regarding the relationship with CSI-RS, we consider that the mapping can be different depending on the subframe where repeated PBCH is transmitted. 
In subframe #0, CSI-RS configuration colliding with legacy PBCH is not expected. In FDD, since the first slot last two OFDM symbols are used for SSS/PSS, CSI-RS configuration possibly in the second slot last two OFDM symbols may collide with repeated PBCH. For TDD, CSI-RS configurations in the first slot last two OFDM symbols may collide with repeated PBCH. For the second last OFDM symbol of the second slot, since CSI-RS configuration collide with SSS, a UE can assume that there will no CSI-RS transmission in that OFDM symbol. If repeated PBCHs are not mapped to any possible CSI-RS REs of CSI-RS configurations 0-19, for FDD, OFDM symbol 3, 4 in the first slot and OFDM symbol 4, some REs (DM-RS REs) in OFDM symbol 5 and 6 are available. For TDD, OFDM symbol 4, some REs (DM-RS REs) in OFDM symbol 5, 6 in the first slot and OFDM symbol 4 and 5 in second slot are available. 
For other subframe other than subframe #5 in even frmaes, a UE may assume that all CSI-RS configurations which are common between FDD and TDD (i.e., configuration 0 – 19) are not mapped to the repeated PBCH transmission. 
For subframe #5 in even frames, if used for PBCH repetition, a UE may be able to assume that CSI-RS may not be configured in that subframe. As CSI-RS will not be configured to conflict with legacy SIB1, it could be considered to have assumption that the repeated PBCH can be mapped to possible CSI-RS REs in those subframes. Though mapping PBCH repetitions on those subframes may impact legacy SIB1 transmission, thus, it is not desired. 
Proposal 3: The repeated PBCH(s) will not be mapped to all CSI-RS configurations which are common between FDD and TDD. 
	
Regarding PBCH repetition, more than 4 OFDM symbols can be used and data will not be multiplexed with repeated PBCH transmission. According to current specification, the total number of encoded bits of PBCH is 1920 bits for normal CP and it is divided into four 420 bit PBCH sub-packets. Then, each PBCH sub-packet is transmitted on 240 REs in subframe #0 with 40 ms periodicity. Considering CSI-RS configurations and more than 4 OFDM symbols for PBCH repetition, the available REs for PBCH repetition may not be equal to 240 REs, which may result from different PBCH sub-packet size. One possibility is to fix the PBCH sub-packet starting position as in similar approach of RV definition for PDSCH and PUSCH transmission. 
Since PBCH repetitions will be occurred in other subframe than subframe #0, at least 4 PBCH transmissions will be possible. Since there are four PBCH sub-packets (e.g., SP #0, #1, #2, and #3), it is desirable to transmit all PBCH sub-packets within one radio frame while maintaining the legacy PBCH transmission. The following table 1 shows an example to complete all PBCH sub-packets within one radio frame where highlighted part represents PBCH sub-packet of legacy PBCH transmission and PBCH repetition is in subframe #x.

Table 1. Example of PBCH sub-packet transmission across radio frames
	Radio Frame #
	n
	n+1
	n+2
	n+3
	n+4
	n+5

	Subframe #
	0
	0
	x
	x
	0
	0
	x
	x
	0
	0
	x
	x
	0
	0
	x
	x
	0
	0
	x
	x
	0
	0
	x
	x

	PBCH sub-packet #
	0
	1
	2
	3
	1
	2
	3
	0
	2
	3
	0
	1
	3
	0
	1
	2
	0
	1
	2
	3
	1
	2
	3
	0



Proposal 4: We should further investigate the aspects of PBCH sub-packet transmission.

Conclusion
This contribution discussed remaining details for PBCH repetition. We propose as followings:
Proposal 1: PBCH repetition should be transmitted on a non-MBSFN subframe.
Proposal 2: If we support 6 RBs system bandwidth, PBCH repetition should be transmitted on subframe #4 or #9 in FDD, and subframe #1 or #6 in TDD. Otherwise, PBCH repetition should be transmitted on subframe #5.
Proposal 3: The repeated PBCH(s) will not be mapped to all CSI-RS configurations which are common between FDD and TDD. 
Proposal 4: We should further investigate the aspects of PBCH sub-packet transmission.
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