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[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1 #90 meeting, the following agreements on NR-PBCH have been made [1]. 
	Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
Agreements:
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be selected by NR AH3)
· 3 LSB bits of SFN
· 2nd and 3rd LSB bits of SFN
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block


In RAN1 #89 meeting [2], the following agreements on NR-PBCH contents have been made.
	Agreements:
· Following contents are carried in NR-MIB
· (Part of) SFN: [7 - 10] bits
· At least 80 ms granularity
· FFS: indication within 80 ms
· [H-SFN: 10 bits]
· RAN1 will ask RAN2
· Timing information within radio frame: [0 - 7] bits
· E.g., SS block time index: [0 - 6] bits
· E.g., half radio frame timing: [0 - 1] bit
· RMSI scheduling information: [x] bits
· CORESET(s) information: [x] bits
· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered
· E.g., Time/frequency resource configuration of CORESET(s)
· [Numerology of RMSI: [0 - 2] bits]
· [Information regarding frequency resources for PDSCH scheduling: [x] bits]
· [Information regarding bandwidth part: [x] bits]
· [Information for quick identification that there is no corresponding RMSI to the PBCH: [0 - 1] bit] 
·  [Information for quick identification that UE cannot camp on the cell: [0-1] bit]
· RAN1 will ask RAN2
· [SS burst set periodicity: [0 - 3] bits]
· [Information on actual transmitted SS block(s): [0 - x] bits]
· [Area ID: x bits]
· RAN1 will ask RAN2
· [Value tag: x bits]
· RAN1 will ask RAN2
· [cell ID extension: x bits]
· RAN1 will ask RAN2
· [Information on tracking RS: x bits] 
· Reserved bits: [x > 0] bits
· CRC size for NR-MIB is [16 + y] bits


In this contribution, we consider remaining details of the NR-PBCH design, including the number of DMRS sequences design and half radio frame indication and PBCH contents.
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK50]Number of DMRS sequences
Sequence detection (e.g. synchronization signals) is normally done by using correlation detection algorithm due to its low implementation complexity. In [3], we have shown that using a non-coherent detection algorithm cannot meet the detection performance requirement for DMRS. This is under the assumption that a low complexity correlation detection algorithm is used. Therefore, we propose that the DMRS sequence is consist of a Type 1 sequence and a Type 2 sequence:
· Type 1 sequence: sequence initialization is based on cell ID.
· Type 2 sequence: sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS.
Type 1 and Type 2 sequences are mapped to different REs, as shown in Figure 1. Since Type 1 does not depend on the SS block time index, it can facilitate channel estimation for coherent detection of the Type 2 sequence (which carries the SS block time index), also on the RBs outside the SSS BW.
The detailed definition of the two types of sequence can be found in [4].


Figure 1: An example of Type 1 and Type 2 sequence mapping
If the DMRS consists of only one sequence, then one detection algorithm would be to use a combination on non-coherent and coherent detection. The part of the sequence that is outside of the SS BW uses non-coherent detection and for the other part coherent detection can be used. However, in [4] we have shown that it is not easy to get the same performance as using two DMRS sequences. Of course, by using a very complex detection algorithm (e.g. generalized likelihood ratio test ) the detection performance of the DMRS sequence can be improved. However, the detection complexity is much higher than the simple cross correlation detection algorithm.
Proposal 1: PBCH DMRS sequence consists of a Type 1 sequence and a Type 2 sequence:
· Type1 sequence: sequence initialization is based on cell ID, used to combine the SSS sequence for estimating channel coefficient and demodulating Type 2 sequence.
· Type2 sequence: sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS, used for indicating timing information.
.
Half radio frame indication
As we know, the transmission of SS blocks within SS burst set is confined to a 5 ms window. Regarding the position of SS burst set half radio frame in one radio frame when SS burst set periodicity is large than 5 ms, there may be two schemes: 
Scheme 1: it is always fixed in the first half radio frame and in the radio frame where MOD(SFN, SS burst set periodicity [frames]) = 0.
Scheme 2: it is up to the network to place the SS burst set in the first or second half radio frame.
For scheme 1, the SS burst set will be always located in the first half radio frame such that a UE can deduce the system timing up the SS burst set granularity without decoding PBCH below 6 GHz. E.g. if SS burst set periodicity is 80 ms, the UE can deduce the frame timing and 3 LSB of SFN by just detecting the DMRS-based SSB index. In synchronization scenario, if RRM measurement is needed, UE only needs to perform measurement within the same 5 ms measurement window for all neighbor cells with the same SS burst set periodicity. It is beneficial to reduce the power consumption of UE RX. In addition, inter-cell interference of SS burst sets can be avoided by setting different actual transmitted SSB position.
For scheme 2, by putting the SS burst set in the first or second half radio frame, inter-cell interference of SS burst sets can be avoided to some extent. However, UE needs to get SSB index and half radio frame indication to achieve the SS burst set granularity timing below 6 GHz. If half radio frame indication is carried by PBCH payload, UE needs to decode PBCH. In addition, in synchroned scenario, if RRM measurement is needed, UE needs to perform measurement with different 5 ms measurement windows for each neighbor cells. It will increase the power consumption of UE RX.
Proposal 2: SS burst set half radio frame is always fixed in the first half radio frame and in the radio frame where MOD(SFN, SS burst set periodicity [frames])=0 when SS burst set periodicity is larger than 5 ms.
Half radio frame index can be indicated by following options:
Option 1: PBCH payload (including used or not used for generating the PBCH scrambling code)
Option 2: different phase shifts of PBCH DMRS in the second PBCH symbol. Phase shifts 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. As shown in figure 2.
For option 1, 1 bit overhead is always needed. In addition, half radio frame index can be omitted for SS burst set periodicity larger than 5 ms if SS burst set half radio frame is always fixed in the first half radio frame. Therefore, utilization rate for this bit is very low.
For option 2, it is beneficial for soft combination of PBCH within a radio frame. Simulation results shown in Figure 3 that there are no problem using different phase shifts of PBCH DMRS indicates half radio frame timing under the condition of misdetection rate is less than 1 % and SNR not below -6 dB.


Figure 2 different phase shifts of PBCH DMRS

[image: ]
Figure 3 Detection performance of DMRS sequence (Type2)

Proposal 3: Half radio frame index is indicated by different phase shifts of PBCH DMRS.
PBCH contents
CORESET(s) information
For the configuration of CORESET, the configuration information is indicated by Y bits in PBCH payload. The detailed information related to CORESET(s) configuration can be found in [5].
Information for quick identification that UE cannot camp on the cell
[bookmark: _GoBack]In [6], RAN2's view is to have some information in MIB indicating that the UE can camp on the cell or not (at least to address the NSA cell case). It is under discussion in RAN2 if additional information is needed for this purpose. If additional information is needed then this information would be at most 2 bits. So far, we have not found it is necessary to indicate additional information. Therefore, it is sufficient to use 1 bit to indicate that if UE can camp on the cell or not.
In addition, this 1 bit can also be used to indicate the present of RMSI corresponding to the PBCH. If this bit indicates that the UE can camp on the cell, then RMSI has to be present. If this bit indicates that UE cannot camp on the cell, then the RMSI might not be present.
Information on tracking RS
[bookmark: OLE_LINK12][bookmark: OLE_LINK11]It is not necessary to contain information on tracking RS in NR-PBCH. If information on tracking RS need be configured in NR, it may be contained in RMSI whose payload is not so limited compared to that of NR-PBCH. Considering the payload carried by NR-PBCH is limited, we suggest that number of bits carried in NR-PBCH should be as small as possible. Therefore, we suggest that information on tracking RS should be not contained in NR-PBCH.
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]Reserved bits
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reserved bits need be contained in NR-PBCH in order to support forward compatibility of NR-PBCH. However, if reserved bits are not used to indicate any information in lower version of NR-PBCH, the PBCH overhead caused by these reserved bits will be a great waste. On the basis of supporting forward compatibility of NR-PBCH, how to use reserved bits in initial version of NR-PBCH needs to be studied further.
CRC
So far, polar coding and CRC size under discussion, and here we assume that CRC size is 19 bits. 
Table 1: PBCH payload
	Contents
	Size

	SFN
	7-10 bits

	3 MSB bits of SBI
	3 bits

	CORESET configuration
	Y bits

	Reserved bits
	23-Y to 26-Y bits

	CRC
	19 bits

	Information for quick identification that UE cannot camp on the cell
	1 bit

	Total
	56bits


Proposal 4: NR-PBCH payload is 56 bits (including SS/PBCH block index, SFN and CRC).

Conclusions
The following was proposed above:
[bookmark: OLE_LINK60][bookmark: OLE_LINK59]Proposal 1: PBCH DMRS sequence consists of a Type 1 sequence and a Type 2 sequence:
· Type1 sequence: sequence initialization is based on cell ID, used to combine the SSS sequence for estimating channel coefficient and demodulating Type 2 sequence.
· Type2 sequence: sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS, used for indicating timing information.
Proposal 2: SS burst set half radio frame is always fixed in the first half radio frame and in the radio frame where MOD(SFN, SS burst set periodicity[frames])=0 when SS burst set periodicity is larger than 5 ms.
Proposal 3: Half radio frame index is indicated by different phase shifts of PBCH DMRS.
Proposal 4: NR-PBCH payload is 56 bits (including SS/PBCH block index, SFN and CRC).
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Appendix
Table 2 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 1000 ns 

	SNR
	-10dB to -2 dB in 2dB step

	The mapping order of SS blocks
	PSS-PBCH-SSS-PBCH

	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

	Number of interfering TRPs
	0 interfering TRP
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