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1 Introduction
The following agreements were achieved in the last meeting:

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
Considering the TDD configurations and the SIB transmission, option 3A was agreed as a WA for TDD. This contribution discusses how option 3A works for TDD, the “other subframe” for repetition and PBCH repetition mapping. 
2 Discussion

Although it was agreed it is up to the network whether to configure PBCH repetitions in a cell, option 3A is still needed to be defined in specification for the case when eNB configures the PBCH repetition. 

2.1 Option 3A for TDD

Subframes #0 and #5 are always downlink for TDD, subframe #1 is a special subframe and subframe #6 is downlink or a special subframe dependent on TDD configurations. There was a worry MTC SIB1 can only be transmitted in subframes #0 and #5 if the TDD configuration is included in MTC SIB1. However, as analyzed in [1] and [2], if assuming subframe #6 is a special subframe irrespective of the TDD configuration and assuming a default special subframe configuration irrespective of the exact one the network is supporting, then subframes {0, 1, 5, 6} can be used for MTC SIB1 transmission in TDD. It may not be a significant issue for TDD not supporting the special subframe configurations #0 and #5 for normal CP nor #0 and #4 for extended CP if the DwPTS length is too short for MTC SIB1 transmissions [1].  
Option 3A takes two subframes for PBCH. If PBCH is not frequency division multiplexed with MTC SIB1, the two other subframes can be used for MTC SIB1.
Proposal 1: Confirm the working assumption of option 3A for TDD.
2.2 The other subframe for repetition
Subframes {0, 1, 5, 6} for TDD and {0, 4, 5, 9} for FDD cannot be configured as MBSFN subframes [3] and can be used for PBCH and MTC SIB1 transmission as analyzed in [2]. In addition, they can be paging subframes configured by eNB [4], on which UEs assume there is no CSI-RS. However, paging subframe configuration is included in SIB2, so UEs have no knowledge of the paging subframe configuration when decoding PBCH and MTC SIB1. The subframes patterns for paging are as in Table 1 and Table 2 [4], for example, if Ns (2) is configured for FDD, only subframes #4 and #9 are paging subframes in the cell. 
Table 1: Paging subframes patterns for FDD

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


Table 2: Paging subframes patterns for TDD (all UL/DL configurations)
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


If minimizing the possibility of collision between PBCH and CSI-RS, the other subframe is subframe #9 for FDD and subframe #5 for TDD. However, subframe #5 for TDD is also used for SIB1 transmission for legacy UEs, so it may collide with PBCH repetition in subframe #5 in the 1.4MHz carrier. Hence, if the bandwidth of 1.4MHz carrier is deployed to support both legacy UEs and MTC UEs, using subframe #5 for PBCH repetition is not recommended for TDD and subframe #1 or #6 can be considered instead. Note the special subframe configurations #0 and #5 for normal CP and #0 and #4 for extended CP, respectively, will be exceptions, for which there are only 3 OFDM symbols in DwPTS when using subframe # 1 or #6. 
Proposal 2: PBCH takes subframes {0, 9} for FDD. 
Proposal 3: PBCH takes subframes {0, 1} or {0, 6} for TDD with exceptions of the special subframe configurations #0 and 5 for normal CP and #0 and #4 for extended CP, respectively.
2.3 PBCH repetition mapping

In subframes where PBCH repetition occurs, available REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS in the center 6 PRBs are used for PBCH, so the PBCH repetition in a subframe may not be integer.
Subframe #0 is used for PBCH repetition in both FDD and TDD, but the PBCH repetition mapping will be different when using all available REs due to different system specific resource occupancies of PSS/SSS. Specifically, the PBCH repetition mapping in subframes #0 and #1 for TDD is illustrated in Fig. 1, and in subframes #0 and #9 is illustrated in Fig. 2, respectively. Note that the special subframe configuration #1 is illustrated for TDD, but the PBCH repetition mapping applies to other special subframe configurations except the configurations #0 and 5 for normal CP. CSI-RS collision is not considered here, for which issue [5] can be referred to. It was noted in RAN1#80 chairman notes that the PBCH repetition may not be an integer in subframes where PBCH repetition occurs [6]. 
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Fig. 1: PBCH repetition mapping in subframes #0 and #1 for TDD normal CP 
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Fig. 2: PBCH repetition mapping in subframes #0 and #9 for FDD normal CP
It is observed from Fig. 1 and Fig. 2 that the PBCH repetition in each subframe is non-integer, and the mapping in the second subframe is continuing from the last subframe, which can obtain as many integer repetitions as possible to benefit decoding performance. 
Considering that UEs would blindly decode the PBCH repetition bursts by sliding the reception window according to the radio frame boundary, it is beneficial to keep the RE mapping of the PBCH repetitions per radio frame the same. Hence, the rate matching per radio frame could be performed over all the available REs of all candidate subframes. 

Proposal 4: Keep the PBCH repetitions mapping the same across radio frames.

3 Conclusions
Subframes for PBCH repetition and the mapping is discussed in this contribution, which leads to the following proposals:
Proposal 1: Confirm the working assumption of option 3A for TDD.
Proposal 2: PBCH takes subframes {0, 9} for FDD. 
Proposal 3: PBCH takes subframes {0, 1} or {0, 6} for TDD with exceptions of the special subframe configurations #0 and 5 for normal CP and #0 and #4 for extended CP, respectively.
Proposal 4: Keep the PBCH repetitions mapping the same across radio frames.
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