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1 Introduction
In the last RAN1 meeting, some agreements and working assumption for NR-PBCH have been achieved as following [1]:

Agreements:
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS

Working assumption:

· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Companies are encouraged to further evaluate NR-PBCH performance

In this contribution, we provide further considerations on NR-PBCH design, including transmission scheme, MIB content and RS pattern.
2 Discussion
2.1 NR-PBCH transmission scheme
In the last meeting, single antenna port based transmission scheme is agreed for NR-PBCH. The candidate transmission diversity schemes based on the single antenna port include the small delay CDD and the precoder cycling. In theory, the small delay CDD can obtain the frequency scheduling gain in the specific subband by artificially adding a fixed delay on the channel [2]. Such frequency scheduling gain is more visible for the UE with the small delay spread channel by adding the extra delay for the diversity in the frequency domain. And, the value of the small delay samples may be dependent on the frequency selective degree of wireless channel. For a unicast channel, small delay CDD may be good to obtain frequency scheduling gain based on the UE specific channel. However, for the broadcast channel such as NR-PBCH, it may be difficult to achieve the frequency scheduling gain for all UEs with diverse channel conditions. In addition, considering a relatively wide bandwidth (e.g. about 5MHz for NR-PBCH), it may also be difficult to obtain frequency scheduling gain using the small delay CDD since frequency fading of the realistic wireless channel may not be flat over the 5MHz bandwidth. 
Observation 1: Small delay CDD is not be suitable for NR-PBCH transmission.
Precoder cycling is another candidate of the single antenna port based transmission schemes exploiting transmit diversity. One of the solutions is precoder cycling in time domain, i.e. slot-level precoder cycling, in which each repetition within a NR-PBCH TTI can use different precoder. Assuming the physical transmitter antenna number is 2, there are four prcoders available, e.g. [1 1], [1 -1], [1 j] and [1 -j]. The four precoders can be applied for four NR-PBCH repetitions within 80ms PBCH TTI respectively, i.e., one repetition every 20ms using one of precoders. The disadvantage of the slot-level precoder cycling is that there is no transmitter diversity gain if only one PBCH repetition is transmitted or received. 
Observation 2: Slot-level precoder cycling cannot achieve the transmit diversity gain with one-shot reception of PBCH.
The other solution is precoder cycling in frequency domain, i.e. PRB-level precoder cycling, wherein the same precoder is multiplied for one or multiple continuous PRBs (PRB bundling). With a small PRB bundling size, the precoders can be more cycled more to achieve the better transmit diversity gain, as shown in Figure 3, wherein 3-PRB bundling can achieve better diversity gain than 6-PRB bundling in ideal CE case. However, a small PRB bundling size may impact performance of CE (Channel Estimation) since the number of PRBs for channel interpolation is restricted by the PRB bundling size. Thus, a trade-off between transmitter diversity gain and CE performance needs to be taken into account. Based on our study as shown in Figure 5 and 6 with realistic CE, 6-PRB bundling may be a good balance between the precoder cycling gain and CE performance assuming total 4 precoders for the case of 2 tranmsitter antennas over total 24 PRBs for NR-PBCH transmission as agreed. Even though there may not be much performance difference on the case with 4 repetitions between PRB-level precoder cycling and slot-level precoder cycling, the gain is significant for the case with only one repetition due to the full cycling for PRB-level precoder cycling than the slot-level precoder cycling. It means that PRB-level precoder cycling is beneficial for UE to have the early termination on PBCH reception.
In addition, PRB-level precoder cycling won’t affect the accuracy of RSRP if PBCH-DMRS is used. Actually, PRB-level precoder cycling can even perform better than the slot-level precoder cycling especially for the case using only one or two shots for measurements due to full cycling, which is verified in the companion contribution [3]. It means that the PRB-level precoder cycling with the bundling size of 6PRBs can even help to reduce the measurement time. 
One of the issues for PRB-level precoder cycling is that PBCH-DMRS may not be sufficient for timing tracking. However with the increased SSS sequence length compared to LTE, the timing accuracy is more secured by PBCH-DMRS. And the frequency offset tracking will not be affected by the precoded PBCH-DMRS. So there is not a big issue for PRB-level precoder cycling on timing/frequency tracking.

In addition, the different precoders can also be applied for the different repetitions within 80ms. This means the PRB-level precoder cycling can cycle the precoder in both frequency and time domain. For example, assuming 4 precoders and 6-PRB bundling, Figure 1 gives an illustration of precoder cycling in both time and frequency domain, wherein, 1-4 is the precoder index. Thus, transmit diversity can be achieved as far as possible. In other words, the slot-level precoder cycling is somehow a subset of PRB-level precoder cycling.
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                       Figure 1. PRB-level precoder cycling in both time and frequency domain  
Based on the above analysis, we recommend adopting PBR-level precoder for NR-PBCH transmission as proposed below:

Proposal 1: PRB-level precoder cycling with the bundling size of 6PRB is adopted as NR-PBCH transmission scheme. 
2.2 NR-PBCH content
Similar to MIB in LTE, NR-MIB should include some essential system configuration, such as the common bandwidth part as discussed in [4]. Different from LTE, the legacy PHICH configuration may not be needed in MIB since there may not be NR-PHICH. Besides, whether to include the whole SFN in NR-MIB may depend on the further discussion in RAN1/RAN2 on the usage and the SFN size. In general, SFN may include both the normal SFN and SFN extension by referring to LTE, which may need at least 18bits. In case the maximum NR-MIB size can be extended, it may be desirable to indicate the whole SFN in PBCH in the explicit and/or implicit way so that UE just needs to read PBCH for the whole SFN information. Otherwise, UE has to read both NR-PBCH and RMSI for the whole SFN information. Actually, the agreement for NR-PBCH in the last meeting with 2 symbols over 24 PRBs for 80ms TTI implies up to 80bits NR-MIB size supposing the similar coding rate as LTE-MIB. So it is feasible to include whole 18bits SFN in PBCH.
Another potential NR-MIB content is the configuration of control resource set for UE-common (or UE-group-common) NR-PDCCH, which is discussed in detail in another companion contribution [3]. Control resource set is to configure time-frequency resource of NR-PDCCH and other parameters. It will be at least used for scheduling RMSI as agreed in RAN1. 
The common bandwidth part and the frequency offset between the sync centre and the centre of the common bandwidth part should be provided in NR-MIB as well for the reception of broadcast messages by IDLE UEs such as RMSI, which is further discussed in the companion contribution [5].

Additionally, as agreed, NR-PBCH should carry the information of SS block index which indicates the time location of a SS block within one SS burst set. Considering the NR-PBCH payload size can be up to 80bits (including CRC bits), SS block index can be directly indicated in NR-MIB since the implicit indication may lead to some mistake due to lacking of verification. More details on the analysis and the way of indicating SS block index is discussed in the companion contribution [6].
Table 1. Parameters in NR-MIB
	Parameter in NR-MIB
	bits
	Comments

	SFN
	18
	Refer to Extended SFN in LTE

	CORESET configuration
	10
	NR-PDCCH configuration at least for scheduling of RMSI (refer to [4])

	Common bandwidth part
	2
	A few bandwidths for the common bandwidth part (refer to [5])

	Frequency offset between sync center and common bandwidth part center
	2
	A few offsets to minimize the complexity and MIB overhead. (refer to [5])

	SS block index indication
	6
	up to 64 SS block in mmWave (refer to [6]

	CRC
	19
	19 bits supposing polar code (Refer to [7])

	Reserved bits
	10
	10 reserved bits as LTE

	 Total
	68
	 


Based on the above analysis, the following proposal is provided for consideration:

Proposal 2: NR-PBCH content is proposed in Table 1. 
2.3 Self-contained PBCH-DMRS pattern

To simplify specification effort, the similar LTE CRS pattern can be directly reused for self-contained DMRS of NR-PBCH, e.g. 1/6 RS density. If the self-contained DMRS is used for Carrier Frequency Offset (CFO) estimation, at least 2 OFDM symbols of PBCH-DMRS are needed. And, the location of 2 OFDM symbols may impact CFO tracking performance. For example, if the location of 2 OFDM symbols is too close, the CFO tracking accuracy may be impacted especially at low SNR. Thus, 2 dispersed OFDM symbols can be considered for NR-PBCH as shown in Figure 2. Here, PSS and SSS can be allocated between the 2 PBCH symbols. The PBCH-DMRS can refer to CRS port 0 at symbol 4 and 7 in LTE.
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Figure 2. Illustration of self-contained DMRS pattern for PBCH
Based on the above analysis, the following proposal is provided for consideration:

Proposal 3: Legacy LTE CRS port 0 at symbol 4 and 7 can be referred as the self-contained DMRS for NR-PBCH. 
3 Conclusion
In this contribution, we provided more discussion on NR-PBCH design. Based on the discussion, the following observations are provided: 
Observation 1: Small delay CDD is not be suitable for NR-PBCH transmission.

Observation 2: Slot-level precoder cycling cannot achieve the transmit diversity gain with one-shot reception of PBCH.

And proposals are presented below for consideration:
Proposal 1: PRB-level precoder cycling with the bundling size of 6PRB is adopted as NR-PBCH transmission scheme. 

Proposal 2: NR-PBCH content is proposed in Table 1. 

Proposal 3: Legacy LTE CRS port 0 at symbol 4 and 7 can be referred as the self-contained DMRS for NR-PBCH. 
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4 Appendix
Table 1. Simulation assumptions for NR-PBCH evaluation
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5 MHz

	Beam configuration
	Single-beam

	Transmission scheme
	Slot-level precoder cycling

PRB-level precoder cycling

	Data Res per PRB per symbol
	10

	DMRS Res per PRE per symbol
	2

	Time domain allocation
	2 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	EPA

	UE speed
	3km/h

	Channel coding
	Tail-biting convolutional code

	Modulation order
	QPSK

	Payload size
	24 bits

	CRC length
	16 bits

	Channel estimation
	Ideal, Real (2D-MMSE)

	Receiver algorithm
	2 RX MRC
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Figure 3. NR-PBCH performance with precoder cycling (1 repetition, ideal CE)
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Figure 4. NR-PBCH performance with precoder cycling (4 repetitions, ideal CE)
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Figure 5. NR-PBCH performance with precoder cycling (1 repetition, real CE)
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Figure 6. NR-PBCH performance with precoder cycling (4 repetitions, real CE)
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