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[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1 NR#3 meeting, the following proposals and agreements on NR-PBCH have been made [1].
	Proposals:
· For 5 ms SS/PBCH block periodicity
· The half-frame is indicated by an explicit bit in the NR-PBCH payload
·  For 10 ms and higher SS/PBCH block periodicity
· The SS/PBCH blocks are transmitted in the first half-frame of a frame 
· FFS: Use of half-frame bit in PBCH
Continue discussion next meeting
Agreements:
· The entire SS/PBCH block can offset from the resource block grid
· Indicate the offset of the SS/PBCH block in the BCH
· Offset is in the number of subcarriers of the SS/PBCH block numerology
· Send a reply LS to RAN4 – Asbjorn (Ericsson)

Agreements:
· The 1st PBCH scrambling is a Gold sequence initialized by cell ID. The 2nd and 3rd LSBs of SFN are used for determining a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length 4M where M is the number of bits to be scrambled
· Partition the generated sequence into 4 non-overlapping portions
· The 2nd and 3rd LSBs uniquely identify indices of each of the non-overlapping portion of the sequence
Agreements:
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alternatives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index

Agreements:
· Gold sequence generation for PBCH 1st and 2nd scrambling is identical to LTE PN sequence generation.
· Note that RAN1 may revisit the PN generator for PBCH scrambling if NR supports different PN generator for other usages.
Proposals:
· Alt 1: Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing
· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands
Continue discussion next meeting


[bookmark: OLE_LINK50]In this contribution, we consider remaining details of the NR-PBCH design, including half radio frame indication and PBCH contents and PBCH scrambling and discussion on necessity of PBCH redesign. 
Half radio frame indication
In NR, the half radio frame timing is required if the SS burst set periodicity is 5ms. 
As a method for half radio frame indication, we can consider below three alternatives:
· Alt.1: 16 different PBCH DMRS sequences
· Alt.2: different phase shifts of PBCH DMRS in the second PBCH symbol. Phase shift is 0 and π respectively for the first and second half radio frame. I.e. DRMS sequence is multiplied by 1 or -1 in the second PBCH symbol. 
· Alt.3: an explicit bit in the PBCH payload.
In case of Alt.1, half radio frame timing and 3 LSB bits of SBI is indicated by the 16 different Gold sequences initialized by SBI and 1 bit half frame information. 
ForAlt.1 and Alt.2, UE can obtain the indication of half radio frame without decoding PBCH. it is beneficial for soft combination of PBCH within a radio frame.
For Alt.3, 1 bit overhead is always needed. It is not needed if SS burst set periodicity is larger than 5 ms due to SS burst set half radio frame is always fixed in the first half radio frame. In addition, 5ms SS burst set periodicity leads to very high network power consumption, which was one of the motivations to adopt larger sync periodicity for NR. Therefore, practical deployments with 5ms sync periodicity is very unlikely to be deployed in NR. Therefore, utilization rate for this bit is very low.
We evaluate detection performance of three alternatives with PBCH BW 24 RBs. Detailed simulation assumptions are described Table 1 in the Appendix. Simulation results in Figure 1 show that Alt.1 and Alt.2 can provide better performance than Alt.3. In addition, Alt.1 shows the better performance than Alt.2 especially in high speed case because orthogonality of phases is impacted by higher Doppler frequency for Alt.2.
[image: ]
Figure 1 Detection performance of DMRS sequence and PBCH BLER
Proposal 1: Half radio frame index is indicated by DMRS sequences.
PBCH contents
RMSI subcarrier spacing (1 bit)
In RAN1#90, it was agreed to support configuration of RMSI subcarrier spacing, which is the same for RMSI control and data transmission. One bit for indicating RMSI numerology seems sufficient, where the meaning of the bit values should depend on the frequency range. For example, in the lowest frequency range the bit could indicate 15 kHz or 30 kHz, while in a higher frequency range, the bit could indicate 60 kHz or 120 kHz.
Initial active BWP containing CORESET for RMSI (3 bits)
In LTE, UEs obtain the information of system bandwidth, and then frequency domain position of PDSCH is informed to UEs. In order to simplify the design for the resource allocation of RMSI PDSCH, similar mechanism for the resource allocation of RMSI PDSCH should be adopted. 
More specifically, UEs can be indicated the relative frequency location of initial active DL BWP as described in our companion contribution [2] and 3 bits is needed. 
The bandwidth of initial active DL BWP can be determined based on RMSI SCS or frequency band. 
RMSI delivery structure (2bits)
For RMSI delivery, both slot based and mini-slot based transmission are adopted. For the case of mini-slot based RMSI transmission, 2, 4 and 7 OFDM-symbol duration are supported[1]. There are total 4 types of RMSI delivery structure to be indicated. So 2 bits will be needed. 
Time domain location of the RMSI (1 bit)
As defined in our companion contribution [2], two types of RMSI time domain resource, i.e. the type 1 resource is located within the slot mapped by SS/PBCH block, and the type 2 resource is located within the slot other than SS/PBCH block mapped. One bit is needed to distinguish RMSI time domain location. 
Association between SS/PBCH block and RMSI (1 bit)
[bookmark: OLE_LINK1]As discussed in our companion contribution [2] , a RMSI group including M RMSI resources will be associated to one SS/PBCH block when type 2 resource is used for RMSI delivery. Therefore, number of RMSI resources within a group is used to configure the value of M, and offset between neighboring RMSI groups is used to configure the time offset N between two adjacent RMSI groups. Two typical configuration can be defined, e.g. (M, N) = (3, 1) or (2, 2). 1 bit will be needed.
CORESET Bandwidth (1 bit)
A one bit CORESET bandwidth indication is proposed to allow some flexibility of the CORESET bandwidth. A larger bandwidth can be more efficient if it allows a smaller CORESET time duration, but in some coverage limited cases a more CORESET time duration may be needed, and a smaller CORESET bandwidth is adopted. In general, the CORESET bandwidth should not be larger than the minimum UE bandwidth of the frequency range since all UEs should be able to receive the RMSI. Also, at least one configuration should fit the CORESET bandwidth within the minimum channel bandwidth of the frequency range. One option could be to define one CORESET bandwidth to be equal to the SS/PBCH bandwidth and one CORESET bandwidth to be equal to the minimum UE bandwidth, which is presumably larger.
Proposal 2: The following RMSI relative configuration information should be indicated to UE via PBCH
· RMSI subcarrier spacing
· Initial active BWP containing CORESET for RMSI
· RMSI delivery structure
· Time domain location of the RMSI
· Association between SS/PBCH block and RMSI
· CORESET Bandwidth
PBCH Scrambling
In RAN1 NR#3 meeting, it was agreed that1stscrambling for NR-PBCH is a Gold sequence initialized by cell ID. The 2nd and 3rd LSBs of SFN are used for determining a sequential non-overlapping portion of the sequence. This is similar to LTE PBCH scrambling, Therefore, in NR, it is reasonable that the 1st scrambling for NR-PBCH is a Gold sequence initialized by .
For the 2ndscramblingfor NR-PBCH, in the last meeting, it have been agreed that support 2nd scrambling based on cell ID for NR-PBCH. To conclude one of the following alternatives:
Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index
In currently, the motivation of 1stscrambling for NR-PBCH initialized by cell ID and 2nd and 3rd LSBs of SFN and applied prior to encoding process randomizes the interference among cells and reduces numbers of blind decoding attempts for soft combining of PBCH transmission , and needs no blind detection for one shot detection. However, time granularity for scrambling by 1st scrambling based on cell ID and 2nd and 3rd LSBs of SFN is 20 ms. Therefore, interference among cells does not be randomized if soft combining of NR-PBCH transmission is done within 20 ms timing. If the 2nd scrambling for NR-PBCH is initialized by cell ID and 3 LSB of SS/PBCH block index, this issue will be solved due to the short time granularity for scrambling. Therefore, Alt.2 is better than Alt.1 for randomizing the interference among cells. Further, the 2nd scrambling for NR-PBCH is a Gold sequence initialized by   where  is 3 LSB bits of SS block index.
Proposal 3: The 1st scrambling for NR-PBCH is a Gold sequence initialized by. The 2nd scrambling for NR-PBCH is a Gold sequence initialized bywhere  is 3 LSB bits of SS block index.

Discussion on necessity of PBCH redesign
In RAN1 NR#3 meeting, there might be a proposal to redesign the SS block design, i.e., reduce PBCH BW to 12 RBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing. Currently, SS block structure and mapping SS blocks to slots in time domain almost have been finished after a long time of study and discussion.  Redesign PBCH BW to 12 RBs maybe results in a decline in PBCH performance if number of PBCH symbols is still 2 in one SS block.
We have compared the PBCH performance for PBCH BW 24 RBs and 12 RBs with the same number of PBCH symbols with evaluation assumptions as shown in Table 1 in the Appendix. For the case of PBCH BW 12 RBs, we provide the simulation results with DMRS and without DMRS. The result is presented in Figure 2. It shows that a better performance can be obtained by PBCH BW 24RBs. For example, PBCH BW 24 RBs can get about 2.75dB gain compared with PBCH BW 12 RBs without DMRS, and about 3.5dB gain compared with PBCH BW 12 RBs with DMRS, at BLER of 1% and speed of 3km/h. 
Therefore, in order to meet the performance requirement of PBCH receiving, reducing PBCH BW to 12 PRBs maybe need to increase the number of SS block symbols, which means completely redesign structure of SS block and mapping SS blocks to slots in time domain, etc. It is not realistic to that in such tight time.
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Figure 2 PBCH BLER for different PBCH BW

Proposal 4: PBCH BW in the SS block should not be redesigned to 12 RBs considering impacts on SS block design and PBCH performance.

Conclusions
Based discussion above, we have the following proposals:
Proposal 1: Half radio frame index is indicated by DMRS sequences.
Proposal 2: The following RMSI relative configuration information should be indicated to UE via PBCH
· RMSI subcarrier spacing
· Initial active BWP containing CORESET for RMSI
· RMSI delivery structure
· Time domain location of the RMSI
· Association between SS/PBCH block and RMSI
· CORESET Bandwidth
[bookmark: _GoBack]Proposal 3: The 1st scrambling for NR-PBCH is a Gold sequence initialized by.
The 2nd scrambling for NR-PBCH is a Gold sequence initialized bywhere  is 3 LSB bits of SS block index.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 4: PBCH BW in the SS block should not be redesigned to 12 RBs considering impacts on SS block design and PBCH performance.
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Appendix
Table 1 Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Subcarrier spacing
	30kHz

	UE speed
	3 km/h, 120 km/h,500 km/h

	Channel Model
	CDL-C, with delay scaling values of 100ns, 1000 ns 

	The mapping order of SS blocks
	PSS-PBCH-SSS-PBCH (PBCH: 12 RBs, 24 RBs)

	DMRS density
	3 REs per PRB

	PBCH DMRS detection
	one-shot detection

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 0.1 ppm

	Channel coding for PBCH
	Polar

	PBCH payload
	56 bits

	Number of interfering TRPs
	0 interfering TRP
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