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1. Introduction
Agreements on NR-PBCH in RAN1 NR adhoc are as follows:

	Agreement:

· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuation of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters
Agreement:

· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
· For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 
· For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS 
· NOTE: It does not preclude additional channel estimation aid from synchronization signal.
· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
· Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88
Agreements:
· Companies are encourage to provide evaluation results based on the following assumptions:
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· Companies should provide exact values for following parameters:

· Payload size with CRC & Required number of REs (w/o reference signal) 
· DMRS overhead assumption if used
· Number of OFDM symbols for NR-PBCH
· Number of OFDM symbols for SS block
· Transmission bandwidth for NR-PBCH
· Periodicity for NR-PBCH
· Multiplexing of NR-PBCH in the SS block

· Subcarrier spacing

· Companies should mention if NR-PBCH implicitly convey other information, e.g. SS block timing

· Companies should provide frequency and time estimation error

· Note that above simulation assumption will not affect the decisions of channel coding scheme of NR-PBCH

· 


In this document, we propose transmission scheme, DM-RS option for NR-PBCH based on the simulation results and contents to be included in NR-PBCH. 
2. Discussion
NR PBCH Contents
Based on the response LS [1] from RAN2 on minimum SI delivery, it is expected that the payload size of MIB can be extended a bit. Payload size and the contents we have in mind are as follows: 
· Payload : 64 bits(40 bits information, 24 bits CRC)

· Contents : 

· At least part of SFN

· PDSCH configuration information (to receive remaining minimum SI)

· Possibly SS block index

NR-PBCH Design
NR-PBCH carries a part of minimum SI and the NR-PBCH is the first channel that UE has to decode to get accessed to a network, which should be decodable at low SNR ranges. Different from PBCH in LTE system, NR-PBCH can be transmitted with beam-sweeping manner, which might cause some initial access latency. In order to reduce the latency, NR-PBCH carries minimum information occupying less OFDM symbols, however that may ruin PBCH decoding performance. Therefore, NR has to find out balanced position in terms of overhead and PBCH decoding performance. 

We consider NR-PBCH should be transmitted rather wider bandwidth than PSS/SSS in order to occupy more REs within SS block. In addition, NR-PBCH should span at least two OFDM symbols for both PBCH decoding performance and frequency tracking using NR-PBCH DM-RS. 

Transmission Scheme and antenna ports

Since NR-PBCH is the first channel to decode, it is not expected to be provided any signalling assistance on NR-PBCH transmission scheme or antenna ports for UEs in idle mode, and no blind detection on the NR-PBCH detection or number of antenna ports at UE side is agreed as well. Therefore, single transmission scheme for PBCH is required to be decided. In previous meeting, it is agreed that RAN1 down-select PBCH transmission schemes among:
· Alt1 : Two antenna port based SFBC

· Alt2 : Two antenna port based precoder cycling

· Alt3 : Single antenna port based transmission scheme

Considering DM-RS overhead and the PBCH decoding performance at lower SNR ranges, single antenna port based transmission scheme is preferred and the respective evaluation results are shown in the following section. 
Proposal 1: Select single antenna port based transmission scheme for NR-PBCH transmission.

Self-contained DM-RS for NR-PBCH

As for the demodulation RS for NR-PBCH, RAN1 agreed to down-select among following options:

· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS
· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
PSS/SSS need to be transmitted with the same transmission bandwidth in order to guarantee detection performance and coherent detection for SSS. In addition, considering PSS detection complexity at UE side transmission bandwidth of PSS should be narrow, e.g 1.08MHz in LTE system. However, considering NR-PBCH design principle, PBCH should be transmitted over relatively wide bandwidth to achieve frequency selective diversity gain considering UEs at lower SNR ranges. In other words, SSS is not appropriate to use for NR-PBCH demodulation. Since PBCH occupies more time/frequency resources to carry more information than synchronization signal, it would be desirable that DM-RS is self-contained within PBCH to cover the same bandwidth with PBCH. In addition, this PBCH DM-RS with relatively wide transmission bandwidth and multiple symbols can also be performed as a tracking RS to compensate residual frequency offset. 

Proposal 2: Design self-contained DMRS and use it for NR-PBCH demodulation
3. Performance Evaluation

Evaluation assumptions

In the evaluation, NR-PBCH with 64 bits payload size is transmitted on 288 REs allocated on 0th and 3th symbol. DMRS pattern used for one port and 2 port based schemes are depicted in figure 1. For single antenna port based scheme, figure 1(a) pattern is used for DMRS pattern, and for two antenna port based scheme, (b-1) and (b-2) pattern in figure 1 is used for 1st DMRS port and 2nd DMRS port pattern, respectively.
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Figure 1. DMRS pattern used in evaluation
Note that same DMRS overhead is applied to both schemes. Simulation assumptions not specified are described in the appendix in detail.
Demodulation RS 
In the previous meeting, following alternatives are agreed for the RS for PBCH:
· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS 
In this section, we evaluate alternatives for RS for PBCH, with frequency offset. Evaluation results are shown as below:
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Figure 2. Evaluation results for RS for PBCH with 1-port transmission scheme
Note that 1-port based transmission scheme and 10ms period is used for this evaluation. With small frequency offset, SSS shows better performance than self-contained DMRS, due to its RS RE numbers and lower coding rate. However, self-contained DMRS shows superior performance when 10%, i.e. 1.5kHz of frequency offset remains, as observed in figure 2, because phase tracking is impossible for SSS due to the one-symbol structure of SSS, while self-contained DMRS does not require additional phase tracking technique because DMRS can be located on every NR-PBCH symbol. Therefore, self-contained RS is beneficial to NR-PBCH compared to SSS, or at least additional mechanism for phase tracking needs to be introduced when SSS is used for NR-PBCH demodulation.

Observation 1: NR-PBCH demodulation with SS shows superior performance over NR-PBCH demodulation with self-contained RS assuming zero residual frequency offset. 

Observation 2: In case with residual frequency offset after SS detection, self-contained RS for NR-PBCH demodulation outperforms NR-PBCH demodulation with SSS. 
Transmission Scheme 
We evaluated the following alternatives for NR-PBCH transmission scheme with the results shown in figure 3:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 
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Figure 3. Evaluation results for PBCH transmission scheme.
Note that precoders are cycled in every RB for alt 2, and every PBCH transmission subframe (e.g. 10ms) for alt 3. As observed in figure 3, performance of alt 3 is better than other alternatives. For PBCH, coding rate is small (e.g. 1/8) and the QPSK is used, therefore channel estimation performance and transmission power is important to increase performance. For transmission power, alt 2 and alt 3 have better beamforming gain than alt 1. For channel estimation performance, alt 3 have higher DMRS density per port, as explained above, therefore shows better channel estimation performance. All three alternatives have diversity gain, since alt 3 has enough time-wise diversity due to long PBCH transmission block. Therefore, alt 3 shows better performance than other 2-antenna port base schemes.
Observation 3: Single antenna port based scheme (alt 3) shows better performance over alt 1/2. 
In addition to above DM-RS for PBCH results, evaluation results for SFBC with residual carrier frequency offset are provided as figure 4 below:
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Figure 4. Evaluation results for RS for PBCH with SFBC
As observed in figure 4, if SFBC is used for transmission scheme, RS for PBCH does not compensate carrier frequency offset enough, resulting in performance loss at least about 2dB when self-contained RS is used. Because residual carrier frequency offset cause ICI, and ICI harms orthogonality of SFBC pair, SFBC is affected by carrier frequency offset more than 1-port transmission schemes. Therefore, 1-port based scheme is better than SFBC in terms of robustness against carrier frequency offset
PBCH detection performance 
Since PBCH payload is increased compared to LTE, larger transmit container for PBCH is required for NR to get lower coding rate. If frequency resource is difficult to increase, time-wise resource can be considered for PBCH transmission. Following evaluation shows performance with larger time container for PBCH, increasing PBCH transmission period to 5ms while maintaining PBCH block size of 80 ms:
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Figure 5. Evaluation results for PBCH transmission period

Note that 1-port transmission scheme is used for this evaluation. Evaluation results show that increased container size of PBCH increase FER performance, providing additional coding rate reduction. However, both scheme satisfy FER with 0.01 at -6dB, which implies that 10ms period is still enough for PBCH transmission.
Observation 4: With 10ms period of NR-PBCH transmission periodicity, it satisfies FER with 0.01 at -6 dB.
4. Conclusion
In this contribution, we discussed on NR-PBCH design options and evaluated the options. Our proposals and observations are as follows:

Proposal 1: Select single antenna port based transmission scheme for NR-PBCH transmission.

Proposal 2: Design self-contained DMRS and use it for NR-PBCH demodulation

Observation 1: NR-PBCH demodulation with SS shows superior performance over NR-PBCH demodulation with self-contained RS assuming zero residual frequency offset. 

Observation 2: In case with residual frequency offset after SS detection, self-contained RS for NR-PBCH demodulation outperforms NR-PBCH demodulation with SSS. 
Observation 3: Single antenna port based scheme (alt 3) shows better performance over alt 1/2. 

Observation 4: With 10ms period of NR-PBCH transmission periodicity, it satisfies FER with 0.01 at -6 dB.
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Appendix
Table 1. Simulation Assumptions

	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	ITU(UMA, NLOS, 70km/h)

	System Bandwidth
	5MHz

	PBCH
	2 symbols, 0th and 3rd symbol

	DMRS
	96 REs

	Transmission Bits
	64 bits

	PBCH Periodicity
	10ms

	PBCH Repetition
	8 times in time domain (every 10ms)

	Subcarrier Spacing
	15 kHz

	Antenna Configuration
	2Tx & 2Rx

	Transmission Scheme
	Precoder cycling

	Channel Estimation
	Non-ideal

	Modulation Order
	QPSK

	Coding Scheme
	TBCC
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