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1 Introduction

This contribution discusses the remaining issues related to SIB and PBCH for MTC UEs.
2 Remaining details on SIB transmission

In terms of SIB transmission, and its associated information carried in PBCH, the following information needs to be indicated by PBCH: TBS size of SIB1bis, the repetition number of SIB1bis. When the repetition number can be changed, it is also necessary to define the possible location to transmit SIB1bis. 

To minimize the size of bits used in reserved bits to indicate such information, we think restriction of selections via a table is acceptable. When table is constructed, we consider the following things are considered.
· Number of TBS: though it is desired to allow variable TBS for SIB1bis, more than 3 sizes seems too much overhead from the signaling perspective. We like to restrict the number of TBS to 3 (e.g., around 100, 200, 300). 

· Number of R: for this, also, three level may be sufficient. Assuming the legacy interval (one in every 20msec) as a baseline, it would be good to support two times more (one in every radio frame), the same interval (one in every 20msec), and half interval (one in every 40msec). The reason we consider the last one is needed is to allow the network flexibility to reduce SIB1bis transmission overhead. Different from legacy SIB1 which are dynamically scheduled, SIB1bis is rather statically configured/transmitted. Thus, a UE may expect periodic SIB1bis transmission from the resource consumption perspective. In that sense, it would be desirable to allow less frequent transmission. Moreover, since 6PRBs are utilized always by SIB1bis transmission, less frequent transmission would be okay from the performance perspective as well. 

· Possible location of SIB1bis: For FDD, {#0, #1, #4, #9} are available and for TDD {#0, #5} are available. Given that #5 are generally used for legacy SIB, when repetition is more than one in every 20msec, we like to consider different subframe from #5. Another question is whether we will restrict the number of subframe used in 10msec as one or allow more subframes to be used per radio frame. At least in FDD, subframe #9 and #0 can be used continuously which could help cross-channel estimation. Thus, we like to support {#9, #0} transmission opportunity at least in some repetition cases. For example, in case R = 8, the possible location of SIB1bis transmission is {#9} in SFN % 2 =0, {#0} in SFN %2 = 1. As it may collide with PBCH, in terms of hopping, it is desirable to avoid collision with center. As it may not be perfectly work in small system bandwidth, for small system bandwidth, {#1} in every radio frame with R = 8 can be also considered. In case SIB1bis collides with PBCH repetition, some discussion seems necessary. One approach is that a UE assume that PBCH is repeated such that SIB1bis will be rate matched around PBCH regardless of actual PBCH transmission. This may be needed in case of small bandwidth, especially in TDD. Alternatively, in addition to 1.4Mhz, in TDD, PBCH repetition on 3Mhz may not be supported. In such case, a UE can assume that SIB1bis will be scheduled per signaling.
· If table is used, the bits of all ‘0’ should not be mapped to any entry. 

In general, our proposal is as follows:

· In TDD, only {#0, #5} is used. 

· In FDD, only one subframe per radio frame is used regardless of R

· In FDD, subframe {#9, #0} over two radio frames can be considered at least for some R values

· The number of TBS of SIB1bis is 3

· The number of R is 3

· The total size of bit size used to indicate SIB1bis is desired to be 4. 
3 PBCH contents and mapping
3.1 PBCH Contents for Reserved Bits

As discussed, we think 4 bits are used to indicate SIB1bis scheduling information. One possible table would be as the followings. 

	Index
	TBS

(TBS1—100,, 

TBS2 – 200, 

TBS3 – 300)


	R

(R1 – 2

R2 – 4, 

R3 – 8)
	Subframe location (FDD)

#5 in odd radio frame – 1, 

#9 in even radio frame, #0 in odd radio frame – 2 

#1 (#5 in TDD) in each radio frame – 3
#4 in each radio frame –4)

	0
	Reserved
	Reserved
	Reserved

	1
	TBS1
	R1
	1 (SFN % 8 = 1, SFN % 8 =3 SF#5 transmits)

	2
	TBS1
	R2
	1 

	3
	TBS1
	R3
	2 (system bandwidth >= 5Mhz), 3 (otherwise)

	4
	TBS2
	R1
	1 (SFN % 8 = 1, SFN % 8 =3 SF#5 transmits)

	5
	TBS2
	R2
	1 

	6
	TBS2
	R3
	2 (system bandwidth >= 5Mhz), 3 (otherwise)

	7
	TBS3
	R1
	1 (SFN % 8 = 1, SFN % 8 =3 SF#5 transmits)

	8
	TBS3
	R2
	1 

	9
	TBS3
	R3
	2 (system bandwidth >= 5Mhz), 3 (otherwise)

	10-15
	Reserved
	Reserved
	Reserved


In addition, PBCH may need to transmit the followings 

· Support of low complexity UE: This can be inferred from SIB1bis table, so we do not see explicit signaling for this.

· Support of enhanced coverage: though SIB1bis table can be understood for this, it may be not directly related. So, we consider this can be signaled. In terms of signaling, 2 bits can be used to indicate the maximum coverage class that the network supports such as low, medium, extreme. Two bits can be used for this purpose. Alternative approach is to jointly code this information to SIB1bis table to reduce the bit size. 

Thus, total 5 or 6 bits may be used. 

3.2 PBCH Mapping
One possible PBCH mapping in FDD is to take different approach in subframe #0 and #9. In subframe #0, since legacy mapping cannot be changed, repetition is done as proposed in [1]. In subframe #9, since new mapping is possible, two OFDM symbols close each other may use the same mapping as shown in below in normal CP. 
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To make the same mapping, virtual CRS as proposed in [1] can be used for subframe #9 as well. Those virtual CRS actually can be used for additional CRS for low complexity UE PBCH decoding. In other words, the UE can expect that the network will transmit CRS in such additional REs as well. The same mapping corresponding the pair can be used in the virtual CRS. 

Proposal: Consider different mapping between subframe #0 and #9, and in #9, consider placing two OFDM symbols with the same data mapping as close as possible. 

4 Conclusions
For SIB1bis transmission and PBCH design, we have the following proposals.
For SIB1bis transmission, our proposal is as follows:

· In TDD, only {#0, #5} is used. 

· In FDD, only one subframe per radio frame is used regardless of R

· In FDD, subframe {#9, #0} over two radio frames can be considered at least for some R values

· The number of TBS of SIB1bis is 3

· The number of R is 3

· The total size of bit size used to indicate SIB1bis is desired to be 4. 
For PBCH repetition:

· Proposal: Consider different mapping between subframe #0 and #9, and in #9, consider placing two OFDM symbols with the same data mapping as close as possible. 
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