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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
In last NR ad-hoc meeting [1], the following agreements on NR-PBCH have been made: 
	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


In this contribution, we will discuss considerations on NR-PBCH content and design.
2. Contents of NR-PBCH
The number of symbols carrying NR-PBCH should be small, e.g. 2 symbols, to keep down the SS block duration. Therefore, even if a larger bandwidth is used for NR-PBCH, the payload carried by NR-PBCH is still limited. This suggests that the total number of bits carried in NR-PBCH should be as small as possible. For example, the payload carried by NR-PBCH can be similar to or slightly larger than that in LTE PBCH. 
In [2], the following conclusion is agreed:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signalling.
· Other solution is not precluded
In this contribution, we call the search space obtained from MIB/system information/implicitly derived from initial access information as common control resource set (CCRS). In our companion contribution [3], we suggest that the remaining minimum SI is transmitted in shared downlink channel which is scheduled by NR-PDCCH. In this case, UE need blindly detect common NR-PDCCH based on the information of CCRS for the receiving of remaining minimum SI, so the CCRS information should be obtained before remaining minimum SI. Therefore, the time/freq. resource of the CCSR may be indicated in NR-PBCH when NR-PDSCH is adopted as the channel of remaining minimum. For example, some information of CCRS such as bandwidth, location, DC can be contained in NR-PBCH to indicate the CCRS.
Secondly, the most significant bits of the SFN should be also indicated in NR-PBCH and the number of bits used to indicate SFN depends on SS burst set periodicity. When a longer SS burst set periodicity is used in NR, fewer bits are needed than in LTE. In addition to the most significant bits of SFN contained in NR-PBCH, remaining least significant bits of SFN also need to be indicated for acquisition of all SFN information. 
As stated in [4], overloading of information on top of CRC, such as number of antenna port indication scrambling in LTE, may cause the miss-detection and false alarm probabilities of the CRC to change. When information indicated in CRC is not more than LTE, we think that the 16 bit CRC size, which is same as that of LTE, can meet the requirement of miss-detection and false alarm probabilities of the CRC in NR. Moreover, a larger CRC may result in worse demodulation performance of NR-PBCH due to larger payload size and higher code rate. 
Proposal 1: 16 bits are used as the CRC in NR-PBCH.
3. Design of PBCH
3.1  Transmission scheme
For transmission scheme design of NR-PBCH, robustness requirement for NR-PBCH should be considered. Therefore, we suggest that QPSK modulation and very low coding rate should be used to meet the requirement of robustness. As seen in [1], the following transmission schemes are agreed as candidate schemes of NR-PBCH transmission.
· Alt.1: Two antenna port based SFBC.
· Alt.2: Two antenna port based precoder cycling.
· [bookmark: OLE_LINK5]Alt.3: Single antenna port based transmission scheme.
In this contribution, we will evaluate and compare 1 port based precoder cycling and 2 port based SFBC schemes. For the former, both frequency domain precoder cycling and time domain precoder cycling will be simulated. More specifically, precoder ,, , are applied in four different continuous frequency locations in the simulation of frequency domain precoder cycling. For the evaluation of time domain precoder cycling, the above four precoder matrices are used in four different transmission versions of NR-PBCH. Regardless of time domain and frequency domain precoder cycling, the overhead of reference signal is assumed to be the same as that of 2 port based SFBC schemes in our simulations. As seen in figure 1, it seems that the performance of SFBC is better than that of precoder cycling.
Observation 1:  Compared to 1 antenna port based precoder cycling, the performance of 2 antenna port based SFBC is better in the most cases.
[image: ][image: ]
   (a) SFBC vs frequency domain precoder cycling(4GHz)   (b) SFBC vs frequency domain precoder cycling (30GHz)
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  (c) SFBC vs time domain precoder cycling(4GHz)       (d) SFBC vs time domain precoder cycling(30GHz)
Figure 1: Simulation results of 2 port SFBC and 1 port precoder cycling
3.2 Reference signal design
For the design of demodulation reference signal of NR-PBCH, there are the following three possible alternatives:
· 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.
For NR-PBCH, multi-antenna diversity technique can be considered for performance enhancement. 
When transmission diversity is applied together with Alt.1, the number of physical cell IDs will have to be reduced due to the support for dual port SSS transmission in a given sync bandwidth [5]. Additionally, the bandwidth of NR-PBCH may be different from that of NR-SSS, as discussed in our companion contribution [6], which implies that using NR-SSS as DMRS of NR-PBCH is infeasible. 
Regarding Alt.3, MRS is not recommended as DMRS for PBCH due to its lower density and MRS may not be always-on. 
Therefore, it is suggested to use Alt.2 for NR-PBCH demodulation, which allows higher flexibility in the NR-PBCH design. According to the description for Alt.2, it seems that both self-contained DMRS and SSS+DMRS may be used as candidate demodulation reference signal of NR-PBCH. According to our understanding, there are at least three ways when SSS+DMRS are used as demodulation reference signal. Next, we will illustrate the three possible ways in figure 2~4.
For the first way as shown in figure 2, the bandwidth of SSS and NR-PBCH is assumed to be identical to each other. Under this assumption, one port SSS is used as a port of demodulation reference signal of NR-PBCH, and one port self-contained DMRS is used as the other port of demodulation reference signal of NR-PBCH.
For the second way, the bandwidth of NR-PBCH is assumed greater than that of SSS. As shown in figure 3, 2 port SSS is used as demodulation reference signal of NR-PBCH in the frequency domain where SSS is located, and 2 port self-contained DMRS is used as demodulation reference signal in other frequency location of NR-PBCH.
In the last way, the bandwidth of NR-PBCH is assumed greater than that of SSS. As shown in figure 4, 1 port SSS and one port self-contained DMRS are used as two different ports of demodulation reference signal in the frequency domain where SSS is located. In addition, 2 port self-contained DMRS is used as demodulation reference signal in other frequency location.
Compared with two port SSS design in Alt.1, one port SSS design for SSS+DMRS method in Alt.2 is simpler. In addition, the supported number of Cell ID will be reduced due to 2 port SSS design in Alt.1, and this disadvantage will not appear in SSS+DMRS scheme. In particular, when the bandwidth of NR-PBCH is larger than that of SSS, only SSS cannot be used as demodulation reference signal for NR-PBCH.
In addition, the SSS+DMRS scheme has lower reference signal overhead than two antenna port based self-contained DMRS. When the bandwidth of NR-PBCH (2 symbols) and sequence length of SSS are assumed as 24 PRBs and 127, respectively, the overhead of self-contained DMRS can be reduced by 100% respectively in figure 2 and 3.


Figure 2: SSS and DMRS are used as different ports of demodulation reference signal


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 3: SSS and DMRS are used as different frequency of demodulation reference signal 


Figure 4: SSS and DMRS are used as different frequency of demodulation reference signal 
In figure 5, we show LLS simulation results of three schemes in which 2 port self-contained DMRS, 2 port SSS and SSS+DMRS are used as reference signals. For the evaluation of SSS+DMRS scheme, the bandwidth of SSS and NR-PBCH is assumed to be identical to each other and one port SSS is used as a port of demodulation reference signal of NR-PBCH, and one port self-contained DMRS is used as the other port of demodulation reference signal of NR-PBCH. As seen in figure 5, the performance of SSS+DMRS scheme is significantly better than 2 port self-contained DMRS scheme, and its performance is slightly worse than that of 2 port SSS scheme.
Considering acceptable simulation performance and above advantages in SSS+DMRS scheme, we suggest that SSS+DMRS scheme is used as demodulation reference signal of NR-PBCH. For the SSS+DMRS scheme, the stated “above advantages” are summarized as follows.
· The overhead of reference signal is lower than that of Alt.3.
· The supported number of Cell ID will be more than that of 2 port SSS design corresponding to Alt.1.
· Compared with two port SSS design in Alt.1, one port SSS design for SSS+DMRS is simpler in SSS+DMRS scheme when the bandwidth of SSS and NR-PBCH is assumed to be identical to each other.
· When the bandwidth of NR-PBCH is larger than that of SSS, only SSS corresponding to Alt.1 cannot be used as demodulation reference signal for NR-PBCH.
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Figure 5: SSS and DMRS are used as different frequency of demodulation reference signal 
Proposal 2: We suggest that SSS+DMRS scheme corresponding to Alt.2 is used as demodulation reference signal of NR-PBCH.
In LTE, CRS frequency domain shift is introduced to realize the orthogonal frequency domain of CRS in adjacent cells, and thus CRS interference between adjacent cells can be avoided and quality of CRS can be improved by this way. In order to improve the robustness of NR-PBCH, the above frequency domain shift can be reused in the DMRS of NR-PBCH. Besides, time domain shift of PBCH DMRS can also be introduced to further reduce the interference among NR-PBCH DMRSs of adjacent cells and improve the performance of NR-PBCH.
Proposal 3: Both time and frequency shift of NR-PBCH DMRS based on cell ID should be considered to improve the performance of NR-PBCH.
3.3  Subcarrier spacing, payload and bandwidth of NR-PBCH
The selection of subcarrier spacing (SCS) for NR-PBCH should consider the impact of phase noise and residual frequency offset. Additionally, larger subcarrier spacing will result in shorter CP length which implies higher requirement of NR-SS timing accuracy and poorer robustness to multipath. Phase noise, frequency offset and delay spread of radio channel are highly related to carrier frequency, therefore there should be a default subcarrier spacing which satisfies requirement of NR-SS and NR-PBCH within a certain frequency range. Furthermore, the performance of NR-SS should satisfy the requirement of these physical channels/signals for e.g. timing accuracy and residual frequency offset.
Proposal 4: The same default subcarrier spacing is used for both NR-SS and NR-PBCH within a frequency range.
In this section, we provide some LLS simulation results to estimate required transmission bandwidth of NR-PBCH. In our simulation, we assume that the SCS of NR-PBCH is 120 kHz for a 30 GHz NR system. In addition, 2 port DMRS is used as demodulation reference signal of NR-PBCH and the overhead caused by the additional DMRS is 1/6 for two symbols NR-PBCH. More specifically, more simulation assumption can be found in the appendix. Simulation results are showed in figure 6.
[image: ]
Figure 6: LLS simulation results of NR-PBCH in different bandwidth
As seen in figure 6, if we want to ensure that BLER is less than under the condition of -6 dB post beamforming and combining SNR, transmission bandwidth of 24 PRB corresponding to 34.56 MHz is needed under the condition of 120 kHz SCS.
Observation 2: For two symbols NR-PBCH, 34.56 MHz bandwidth is needed under the condition of 30 GHz system frequency and 120 kHz SCS. 


4. Conclusions
In this contribution, we have the following observations and proposals: 
Observation 1:  Compared to 1 antenna port based precoder cycling, the performance of 2 antenna port based SFBC is better in the most cases.
Observation 2: For two symbols NR-PBCH, 34.56 MHz bandwidth is needed under the condition of 30GHz system frequency and 120 KHz SCS. 
Proposal 1: 16 bits are used as the CRC in NR-PBCH.
Proposal 2: We suggest that SSS+DMRS scheme corresponding to Alt.2 is used as demodulation reference signal of NR-PBCH.
Proposal 3: Both time and frequency shift of additional DMRS should be considered to improve the performance of NR-PBCH.
Proposal 4: The same default subcarrier spacing is used for both NR-SS and NR-PBCH within a frequency range.
5. [bookmark: OLE_LINK59][bookmark: OLE_LINK60]References
[1] [bookmark: _Ref449620942]3GPP Chairman’s notes NR Ad-Hoc, 2017-01
[2] 3GPP Chairman’s notes RAN1 #87, 2016-11
[3] R1-1701578, ”Delivery of Remaining SI”
[4] R1-1700331, “Considerations for NR Physical Broadcast Channel”
[5] R1-1612027, “Single beam PBCH design”
[6] R1-1611443, “Issues Related to NR-PBCH”


6. Appendix
Appendix: Link-level evaluation assumptions
	 Parameter
	Assumption

	Carrier Frequency
	4/30 GHz

	Channel Model
	CDL-C

	Subcarrier Spacing
	15/120 KHz

	Delay spread
	30/100 ns

	Channel coding
	TBCC

	Payload size
	50 bit (include CRC)

	CRC size
	16 bit

	Multiplexing between SS and NR-PBCH 
	TDM

	Number of OFDM symbols for NR-PBCH
	2 symbols, if not specified

	Periodicity for NR-PBCH
	40 ms

	UE speed
	3 km/h

	Frequency Offset
	zero

	Phase Rotation Model
	Follow the PN model of [R1-165005]

	Number of interfering TRPs 
	0 TRP
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