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1. Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1]. This contribution discusses NB-PBCH transmission mechanism for NB-IoT carrier. 
2. NB-PBCH Transmission
As captured in [2], it has been shown that one NB-PBCH transmission in every 10msec with 640msec periodicity can meet the coverage target in all scenarios. If we consider inband scenario assuming only non-MBSFN capable subframes are available for NB-IoT operation, the total overhead of NB-PBCH transmission becomes about 25 % of the overall available resource in downlink. To reduce the overall overhead on NB-PBCH, either the size of payload is reduced (such that the repetition can be reduced) or relaxation in terms of detection latency or target MCL can be considered. Another approach is to consider multiple NB-IoT carrier or more subframes usable for NB-IoT operation. If latency can be relaxed, NB-PBCH can be transmitted rather intermittently to reduce the overall overhead. Reducing payload size of NB-PBCH may increase the payload size in SIB1, thus, it may not address the overall overhead issue. In that sense, either relaxation of requirement in terms of latency or intermittent NB-PBCH transmissions can be further considered. 
Proposal 1: Intermittent NB-PBCH transmission can be further considered to reduce overall overhead of NB-PBCH transmission at least in inband scenarios.

2.1. NB-PBCH Mapping

It has been discussed whether a common NB-PBCH mapping/structure is used in all scenarios or different NB-PBCH mapping/structure is used in each scenario. Whether the same structure can be used or different one is necessary may depend on the following aspects. 
· Content of NB-PBCH in each operation mode

· RS pattern used for NB-PBCH decoding in each operation mode

· The feasibility of operation mode indication by synchronization signals

(1) NB-PBCH content

For all scenarios, at least SFN or some frame number index and scheduling information of SIB1 (if SIB1 is not scheduled by control channel) seem necessary. 

Additionally, for inband scenario, the following information can be considered. Though, the information can be transmitted in SIB1 instead of NB-PBCH. 

· The PRB index or frequency information of NB-IoT carrier in the legacy system bandwidth. At least NB-IoT carrier transmitting SIB1 or other SIs may be indicated in NB-PBCH such that legacy CRS can be also used for SIB1 demodulation.

· Valid subframe information for SIB1 or other SIs transmission. Different from standalone or guard band scenarios, inband scenario needs to address MBSFN subframes. Please refer our companion contribution [2] for further information. 
(2) RS used for NB-PBCH decoding
As discussed in our companion contribution [4], for data demodulation, it is proposed to adopt legacy CRS pattern with additional RS based on CDM-ed cell specific RS transmission in inband scenario. For stand-alone scenario, it can be also considerable to use CDM-ed cell specific RS pattern only. As legacy CRS in inband may not be available for NB-PBCH decoding, a different RS pattern may be necessary for NB-PBCH decoding at least in inband scenarios. For the new pattern, we propose CDM-ed cell specific RS pattern to provide sufficient RS density, which can be a common pattern between inband NB-PBCH and stand-alone NB-PBCH. Figure 1 shows the proposed CDM-ed cell specific RS pattern for two antenna ports. For inter-cell randomization, Vshift value could be still used (e.g., Vshift = cell ID % 3). 
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Figure 1. RS pattern for NB-PBCH in inband scenario

We show some evaluation results with different RS pattern in inband and standalone in Section 2.2. 
(3) The feasibility of operation mode signalling
Based on some design proposals and performance, it seems feasible to have about 4096 hypothesis differentiated by SSS. For 504 cell IDs, it gives about 8 remaining additional values to be carried in SSS. If operation mode types are 3 or 4, it gives only two values left for other purposes such as frame index of SSS transmission, which could increase UE blind detection on SSS and degrade the detection performance. Thus, if operation mode is considered, it seems more natural to differentiate between inband and other scenarios as they could have different NB-PBCH mapping and contents. 
Proposal 2: Resource mapping of NB-PBCH may be different between inband and other scenarios. RS pattern used in NB-PBCH decoding can be common.  
2.2. NB-PBCH Simulation

To evaluate transmission scheme and RS pattern for NB-PBCH, we have evaluated the following cases in inband scenarios assuming 1 NB-PBCH transmission in every 10 msec with 640 NB-PBCH interval. 
(1) Patterned precoding: assuming a single antenna port transmission with code diversity, we have used legacy DM-RS with single port for the simulation. 

(2) SFBC with shifted CRS pattern: assuming two antenna port transmission with SFBC, we have used time-shifted legacy CRS pattern (i.e. OFDM symbol 0 ( OFDM symbol 5, OFDM symbol 4 ( OFDM symbol 6).

(3) SFBC with CDM-ed CRS pattern: assuming two antenna port transmission with SFBC, we have used CDM-ed CRS pattern as shown in Figure 1. 

More detailed simulation assumptions are captured in Annex. 
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Figure 2. NB-PBCH results in inband scenario
As shown in Figure 2, it has been shown that patterned precoding achieves the better performance compared to SFBC. However, as discussed in our companion contribution [4], SFBC shows better performance in higher SINR cases. Also, the performance gap between SFBC and pattern precoding is not significant in other cases. For the commonality between NB-PBCH and data/control transmission, we thus propose to adopt SFBC with CDM-ed RS pattern for NB-PBCH in inband scenario. 

For stand-alone, we have evaluated three RS patterns: (1) legacy CRS pattern (2) shifted CRS pattern same with inband scenario case (3) CDM-ed CRS pattern same with inband scenario. As there is no legacy CRS transmission in standalone, we have also evaluated RS pattern based on legacy CRS pattern using single antenna port. 
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Figure 3. NB-PBCH results in stand-alone scenario
As shown in Figure 3, CDM-ed CRS pattern achieves the better performance compared to other 2 alternatives in stand-alone scenario. Based on the observations and for a common design, we propose to adopt CDM-ed CRS pattern used for NB-PBCH demodulation in all scenarios. 

Proposal 3: CDM-ed CRS pattern shown in Figure 1 is used for NB-PBCH in all scenarios. 

2.3. Antenna port and legacy CRS handling
As the network may have single or multiple antenna ports, similar to legacy PBCH, a UE may need to blindly search the number of antenna ports. When blindly search the antenna port, the number of antenna ports can be limited to 1 or 2 with consideration of RS overhead compared to performance gain with additional antenna ports. 

Proposal 4: A UE blindly search single or two antenna ports in NB-PBCH decoding. SFBC is used if two antenna ports are used. 

In legacy PBCH, it is assumed that the network supports up to 4 antenna ports. In terms of NB-PBCH mapping, transmission scheme and the number of supported antenna ports need to be clarified. For legacy CRS, if a UE can assume that the cell ID is same between NB-IoT and legacy carrier, it may be able to identify the frequency location of legacy CRS though it may not be able to decode CRS. In this case, rate matching may be considered. However, if rate matching is considered, rate matching assuming 4 antenna ports need to be considered which can be higher overhead compared to puncturing. Moreover, if operation mode is not known before NB-PBCH decoding, rate matching in inband scenario is not feasible. In that sense, we propose puncturing mechanism used for legacy CRS. 
Proposal 5: Legacy CRS punctures NB-PBCH transmission if necessary. 

If brute-force puncturing impacts the performance, we can consider applying Walsh code between two PBCH transmissions. For example, if NB-PBCH is transmitted in every 10msec at the same subframe index, it’s expected that legacy CRS pattern is exactly the same in each NB-PBCH transmission. Then, we could apply Walsh-code [1 -1] over 2 consecutive radio frames for NB-PBCH data and NB-RS REs.When a UE receives NB-PBCH, it can cancel out legacy CRS between two consecutive NB-PBCH receptions as illustrated in Figure 3.
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Figure 3. Example of legacy CRS cancellation

Proposal 6: Consider Walsh-code over two consecutive NB-PBCH transmissions to cancel out legacy CRS transmission. 

3. Conclusion

This contribution discusses NB-PBCH transmissions. The followings are our proposals. 
Proposal 1: Intermittent NB-PBCH transmission can be further considered to reduce overall overhead of NB-PBCH transmission at least in inband scenarios.

Proposal 2: Resource mapping of NB-PBCH may be different between inband and other scenarios. RS pattern used in NB-PBCH decoding can be common.  
Proposal 3: CDM-ed CRS pattern shown in Figure 1 is used for NB-PBCH in all scenarios. 

Proposal 4: A UE blindly search single or two antenna ports in NB-PBCH decoding. SFBC is used if two antenna ports are used. 

Proposal 5: Legacy CRS punctures NB-PBCH transmission if necessary. 
Proposal 6: Consider Walsh-code over two consecutive NB-PBCH transmissions to cancel out legacy CRS transmission. 
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Annex : Simulation Parameters and Assumptions
	Parameter
	value

	System bandwidth
	10MHz

	Carrier frequency
	900kHz

	Antenna configuration
	2x1, low correlation for Inband scenario
1x1 for Stand-alone scenario

	Channel model, Doppler spread
	TU 1Hz

	TB size
	50bits

	Modulation
	QPSK

	Frequency tracking error
	Uniformly selected within [-50 Hz, 50 Hz]

	Frequency drift rate
	22.5 Hz/second

	Legacy PDCCH
	3 OFDM symbols

	Performance target
	10% BLER


