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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#70, the NB-IoT WID [1] was revised based on the agreed WF from RAN1#83 (see [2]) to state:
· Downlink transmission with 15 kHz subcarrier spacing for all the modes of operation (with normal or extended CP).
Regarding master/broadcast information broadcast, it was also agreed in RAN1#83 that (see [3])
· Master information broadcast and system information broadcast are supported for NB-IoT
· Master information broadcast is carried by a first physical channel 
· The first physical channel has no accompanying control channel
· System information broadcast is carried by a second physical channel 
· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 
And that:
· For in-band operation, it shall be possible for NB-IoT UE to decode NB-PBCH without knowing the legacy PRB index
· i.e. a single fixed predefined PRB location NB-IoT is precluded. 
This document proposes a design for NB-IoT physical broadcast channel (NB-PBCH). Evaluations can be found in [4].
General description
It is proposed to define NB-PBCH channel to carry master information broadcast for NB-IoT (NB-MIB). The TTI of NB-PBCH transmission is 640 ms. Each TTI comprises 8 blocks. Each block contains identical coded bits, is transmitted over 80 ms and can be independently decoded.
A unique scrambling code is applied to each block. Since the UE already knows the timing of 320 ms after synchronization (by the 40-ms NB-SSS periodicity and 3 bits carried by NB-SSS to index the NB-SSS cycle, see [5]), the UE can acquire the timing of the 640 ms NB-PBCH TTI and derive the 6 least significant bits (LSBs) of the system frame number (SFN) with a maximum of 2 hypotheses of the 8-block boundary.
Proposal 1: [bookmark: OLE_LINK1]The TTI of NB-PBCH transmission is 640 ms.
Proposal 2: Each NB-PBCH transmission comprises 8 independently decodable NB-PBCH blocks. 
Contents of NB-MIB
The NB-MIB comprises 34-bit payload, as follows:
· 6 bits for the most significant bits (MSBs) of the SFN.
· 1 bit to indicate LTE bandwidth (based on the differentiation of 10/20 MHz or 5/15 MHz by a bit carried by NB-SSS).
· 4 bits to indicate the NB-IoT specific PRB index where only the PRBs available for NB-IoT are taken into account (18 in maximum for each LTE bandwidth, see [9], but the number of values that needs to be indicated is only 9 because there is a bit carried by NB-SSS to indicate which half of the LTE bandwidth the NB-IoT PRB is located, see [5]). A special PRB index value can be used for “guard-band operation” (indication of whether it is standalone operation or not is done by a bit carried by NB-SSS).
· 1 bit to enable/disable access control.
· [bookmark: OLE_LINK3]3 bits for SIB1 configuration information (e.g. TBS, number of repetitions, etc).
· 5 bits for system information change tag. Other values for the number of bits are also possible, depending on RAN2 discussions.
· The rest of bits are reserved for future use.
Proposal 3: The NB-MIB contains information at least for SFN, LTE bandwidth, PRB index, access control, SIB1 configuration, and system information change tag.
Modulation and coding
[bookmark: _Ref129681832]As agreed in RAN1#83 (see [3]), “TBCC as in LTE is used for NB-IoT in all downlink channels”. Specifically, for NB-PBCH, the same modulation and coding process as in LTE is proposed to be followed:
1. CRC generation. A 16-bit CRC is generated as described in sub-clause 5.1.1 of TS 36.212 [6].
2. CRC attachment to NB-MIB. The generated CRC is attached to the NB-MIB payload as described in sub-clause 5.3.1.1of TS 36.212 [6].
3. Convolutional encoding. A tail biting convolutional encoding is performed as described in sub-clause 5.1.3.1 of TS 36.212  [6].
4. Rate matching. The encoded bits are rate matched to the number of available resource elements for NB-PBCH in the given operation mode, as described in sub-clause 5.1.4.2 of TS 36.212  [6].
5. Scrambling. The coded bits are scrambled with a cell-specific reference sequence as defined in subclause 6.6.1 of TS 36.211 [7].
6. Modulation. Each block is modulated with QPSK.
Proposal 4: The same modulation and coding process as LTE PBCH is used for NB-PBCH.
Resource mapping
In-band operation
For in-band operation, the proposed resource mapping for NB-PBCH is shown in Figure 1. NB-PBCH uses subframe 9 of each radio frame in order to avoid collision with LTE MBSFN subframes. Within the NB-PBCH subframe, collision with LTE PDCCH and LTE CRS is also avoided.
Downlink NB-RS (see [8] for the detail design) should be introduced to ensure accurate channel estimation for NB-PBCH in extreme coverage conditions. The available resources for NB-PBCH transmission are 100 REs per NB-PBCH subframe for normal CP, with an overhead of about 10%.



[bookmark: _Ref437438934]Figure 1: NB-PBCH resource mapping 1

Guard-band operation
For guard-band operation, the resource mapping in Figure 1 is reused, except that the resource elements for LTE PDCCH and LTE CRS in the NB-PBCH subframe are used by NB-PDSCH.
Standalone operation
For standalone operation, there are two possible options: 
[bookmark: OLE_LINK6]Option 1: use all OFDM symbols within an NB-PBCH subframe, and have a lower NB-PBCH subframe density than for in-band/guard-band operations, as shown in Figure 2.
This option exploits the higher BS transmit power in the standalone case in order to achieve a much lower overhead (5%) than the in-band case.


[bookmark: _Ref438473448]Figure 2: NB-PBCH resource mapping 2



Option 2: reuse the resource mapping for guard-band operation.
This option takes account of the potential limitation in some of the legacy base stations that the transmit power may be a few dB less than 43 dBm even in standalone operation. 
As shown in [4], both options can meet the target MCL of 164 dB. Although option 1 achieves lower overhead than option 2, option 2 has the benefit of providing a single NB-PBCH resource mapping for the three operation modes. In the interest of completing the Rel-13 work in time, the sourcing companies support NB-PBCH resource mapping following option 2.
Proposal 5: The same resource mapping is used for NB-PBCH in standalone, guard-band and in-band operations.
Note that option 2 does not necessarily mean the operation mode should be indicated by NB-PBCH. As also shown in [4], there will be significant link level performance degradation for NB-PBCH if the operation mode is not known by the UE prior to NB-PBCH demodulation.
Conclusions
In this contribution, a design for NB-PBCH is described aiming for a constant NB-MIB transmission periodicity, minimized overhead, and reuse of LTE functionalities as much as possible in each operation mode. The key design principles are summarized through the following proposals:
Proposal 1: The TTI of NB-PBCH transmission is 640 ms.
Proposal 2: Each NB-PBCH transmission comprises 8 independently decodable NB-PBCH blocks. 
Proposal 3: The NB-MIB contains information at least for SFN, LTE bandwidth, PRB index, access control, SIB1 configuration, and system information change tag.
Proposal 4: The same modulation and coding process as LTE PBCH is used for NB-PBCH.
Proposal 5: The same resource mapping is used for NB-PBCH in standalone, guard-band and in-band operations.
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