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Introduction
In RAN1#88, the related NR-PBCH transmission schemes were specified as follows [1],
Agreements:
· For NR-PBCH transmission, NR supports a single transmission schemes selected from following schemes:
· A single antenna port based transmission scheme 
· Two antenna port based SFBC.
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.
· This simply provides guidance for potential minimum and maximum value.

In RAN1 NR ad-hoc meeting regarding transmission schemes for NR PBCH, the following agreement was reached [2]
Agreement:
· 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.

In this contribution we will provide our views on selection of a transmit diversity scheme and reference signal design for NR-PBCH based on the simulation results.

Discussion
Transmission scheme
In LTE, PBCH could be transmitted over single port or multiple antenna ports (e.g., 2 ports and 4 ports). Transmit diversity schemes such as SFBC and SFBC-FSTD are supported to improve the coverage performance of PBCH. UE performs blind detection on the number of antenna ports results in unnecessary PBCH decoding latency and complexity.
Similar to LTE PBCH, For NR-PBCH, transmit diversity schemes such as SFBC and precoder cycling are also applied both single beam and multi-beam based operation to enhance robust reception even in worst deployment scenario. In general, SFBC outperforms precoder cycling especially when the coding rate is high (equivalently for low aggregation levels given a target payload size). Otherwise it was observed that the performance gain of SFBC could be much smaller, and even down to practically same BLER performance as precoder cycling. However, since SFBC requires a pair of REs for the space-frequency code, a well known issue is the so-called orphan RE problem, where there may not be an even number of REs within an OFDM symbol. This however very much depends on the final DMRS design which is still under discussion, so in the end the impact to PBCH performance requires further study. In addition, as CRS is not present in the NR frame structure, self-contained RS or SS as DMRS for demodulation of NR-PBCH should support contiguous pairs of REs. In RAN1#88, for NR-PBCH transmission, two options are needed to be down selected since NR supports a single transmission scheme. One is 2-port SFBC as an example shown in Figure 1. It can be seen that the RS overhead is 4 REs per RB when the two antenna ports of SFBC are FDM-ed compared to per RB precoder cycling which only requires 2 RS REs (for 1 DMRS port) shown in right figure of Figure 1 (b). Then there is a 50% RS overhead saving with precoder cycling. If the two antenna ports for SFBC are CDM-multiplexed in middle figure of Figure 1 (b), DMRS overhead is the same for precoder cycling and SFBC. Hence whether precoder cycling has lower RS overhead depends on the final DMRS design.  


 

(a) SSS as DMRS of NR-PBCH demodulation


  
(b) Self-contained RS as DMRS of NR-PBCH demodulation
Figure 1 DMRS placement allowing pairs of contiguous REs for SFBC

For self-contained RS and NR-PBCH in fixed power allocation ratio within a PRB, there is a 3dB difference between the 1-port precoder cycling and 2-port SFBC. On the other hand per RB precoder cycling loses spatial diversity within a PRB. This loss can be avoided with PRB level precoder cycling. The tradeoff is that it requires 2-port DMRS similarly to SFBC and thus negates the 3dB power boosting of per RB cycling. Assuming SFBC requires two antenna ports while precoder cycling requires one antenna port, there is 3dB power boosting only if the two antenna ports of SFBC are CDM-ed. On the other hand, there is no 3dB power boosting if the two antenna ports of SFBC are TDM/FDM-ed.
For the performance of SFBC, the orthogonality of SFBC may be compromised if the channel is not the same between the pair of REs using the space-frequency code. This effect may be exacerbated for channels with a high degree of frequency selectivity. This may be further compounded for larger subcarrier spacing values in NR. For BLER performance from the next sub-section the 1-port precoder cycling would better than 2-port SFBC.
With aforementioned analysis and comparison of SFBC and1-port precoder cycling, 1-port precoder cycling is preferred transmission scheme compared to 2-port SFBC for NR-PBCH.
Proposal 1: 1 port precoder cycling is preferred transmission scheme compared to 2-port SFBC for NR-PBCH.

DMRS for NR-PBCH
In LTE, PBCH uses cell-specific RS for demodulation. However, CRS is not included in NR. For NR-PBCH, in single and multi-beam configuration, synchronization signal and self-contained RS can be considered as the demodulation reference signal of broadcast channel. Synchronization signals, such as PSS/SSS, are used for detection and channel tracking.  Synchronization signals could also be used as the reference signals for demodulation of PBCH.  
To enhance channel estimation accuracy self-contained RS are embedded in the NR-PBCH block for assistance in coherent demodulation. If transmission diversity is used as PBCH transmission scheme, different DMRS ports can be allocated in FDM or CDM manner as an example of two DMRS ports shown in Figure 2. Two DMRS ports are FDM-ed and embedded in broadcast channel with red and green color REs representing different DMRS ports in Figure 2(a). Two DMRS ports are CDM-ed and embedded in the broadcast channel with blue color gird representing RE with orthogonal cover as shown in Figure 2 (b). 
Therefore, self-contained RS is preferred as DMRS for NR-PBCH demodulation.



                              
(a) Self-contained RS of  two ports in FDM manner    (b) Self-contained RS of  two ports in CDM manner
Figure 2 Self-contained RS of two ports multiplexing manner

Proposal 2: Self-contained RS is preferred as DMRS for NR-PBCH demodulation.
.
Performance Evaluation
Transmission theme
In this section, we will evaluate and compare transmission themes between 1-port based precoder cycling and 2-port based SFBC.
For 1-port Precoder cycling, rank 1 RB-level precoding vectors are cycled in every RB. One port self-contained demodulation RS is designed as shown in right Figure of Figure 1 (b). For 2-port SFBC two ports self-contained demodulation RS is designed as shown in middle Figure of Figure 1 (b). For both NR-PBCH transmission themes, the DMRS density (or DMRS overhead) and efficient coding rate are assume to be the same. From Figure 3, we can observe that the performance results of 1-port precoder cycling are better than those of 2-port SFBC in cases with and without frequency errors. The 1-port Precoder cycling has accurate channel estimation compared to that of 2-port SFBC schemes due to 3 dB power boosting on DMRS. . 

[image: ]
Figure 3 BLER performances of 1-port precoder cycling and 2-port SFBC
Observation 1: PBCH with 1 port precoder cycling shows better performance than 2-port SFBC.

Demodulation RS
We compare the PBCH performance using NR-SSS or DMRS as the reference signals for channel estimation with 1-port precoder cycling.  In the evaluation, PBCH performance with and without frequency offset are both evaluated. As seen in Figure 4, PBCH using SSS for channel estimation shows better performance than that using self-contained DM RS for channel estimation due to high density of SSS signals in frequency domain. However, PBCH using self-contained DMRS for channel estimation shows better performance than PBCH using SSS for channel estimation with frequency offset at 1.5 kHz.  Self-contained RS allocated at both OFDM symbols of NR-PBCH allows accurate frequency offset estimation and compensation by comparing the difference of the phase of DM RS between 2 symbols.   The single symbol SSS could not estimate the frequency offset accurately.  Therefore, self-contained DMRS is better as the reference signal for NR-PBCH channel estimation and frequency offset compensation compared to SSS.    .
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Figure 4 BLER performances of SSS and self-contained RS as DMRS for NR-PBCH

Observation 2: Self-contained RS is better as the reference signals for NR-PBCH channel estimation with frequency offset compensation compared to SSS.  .

Conclusion
In this contribution we provided some analysis and performance evaluation of two proposed transmit diversity schemes for NR PBCH and DMRS design. Some proposals are following,

Proposal 1: 1 port precoder cycling is preferred transmission scheme compared to 2-port SFBC for NR-PBCH.

Proposal 2: Self-contained RS is preferred as DMRS for NR-PBCH demodulation.

Observation 1: PBCH with 1 port precoder cycling shows better performance than with 2-port SFBC.

Observation 2: Self-contained RS is better as the reference signals for NR-PBCH channel estimation with frequency offset compensation compared to SSS 
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Appendix

Table I: Simulation assumptions for NR-PBCH
	Attributes
	Value or assumptions

	Carrier Frequency
	4 GHz

	Channel Model
	TDL-C, 100ns

	Subcarrier Spacing(s)
	15kHz

	Frequency resource
	24PRB

	Time resource
	2 OFDM symbols

	UE speed
	3 km/h 

	Antenna Configuration
	2Tx2Rx

	Transmission theme
	a) 1-port precoder cycling
b) 2-port SFBC

	DMRS
	a) Self-contained DMRS
b) NR-SSS as DMRS

	Channel coding scheme
	LTE TBCC

	Periodicity
	5ms with PBCH block size of 80 ms

	Payload size
	100bits (including CRC)

	Channel estimation
	MMSE

	Performance Target
	1% BLER @ -6dB (average received SNR)
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