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Introduction
At the RAN1 NR-AH#3 meeting, NR-PBCH contents, NR-PBCH design and PBCH-DMRS design were discussed and RAN1 made following agreements and working assumptions [1].
	Working assumption:
· For indication in RMSI:
· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted

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), which is drafted in R1-1716834, which is agreed in R1-1716906

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

Agreements:
· The following working assumption is confirmed:
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
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· Note that power boosting is up to NW implementation
· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4
· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)
· Sequence modulation is QPSK
Agreements:
· UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied

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
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Agreements:
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alterantives 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.

Agreements:
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset 
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw



In this contribution, we discuss further on timing information indication, NR-PBCH contents, and the remaining details on NR-PBCH design and PBCH-DMRS design.

Timing information indication
2.1. Indication of 10-bits SFN
In NR, SS/PBCH block needs to carry the several timing information as shown in Figure 1. At the previous meeting, RAN1 made some of agreements related to the timing information indication, e.g. sequence initialization of 1st PBCH scrambling. However, we need further discussion on indication scheme of the timing information, i.e. SFN  and half radio frame  indication. 
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Figure 1: Timing information to be carried by SS/PBCH block

From the discussion so far, there may be two options on SFN indication scheme as follows.
· Option 1: 10-bits SFN  is carried by PBCH payload
· Option 2: 8-bits SFN  is carried by PBCH payload,
From past agreements, RAN 1 agreed that first PBCH scrambling based on cell ID and 2nd/3rd LSBs of SFN is applied to PBCH payload excluding the timing information, i.e. SS block index, half radio frame (if present) and the part of SFN, prior to CRC attachment and encoding process. In the case of Option 1, if we assume that PBCH payload includes all of such timing information, PBCH scrambling sequence can be determined by un-scrambled part of timing information and it can reduce detection complexity since if UE can obtain un-scrambled part (checked by CRC), no blind detection for PBCH de-scrambling is necessary. In that sense, Option 1 is most straightforward based on the last meeting agreements. On the other hand, another option is that 2nd/3rd LSBs of SFN are indicated only by 1st PBCH scrambling as in Option 2. Option 2 can reduce the required indication bits in PBCH payload. However, although PBCH payload size should be minimized to improve PBCH detection performance, we think that just saving two bits would not provide significant performance improvement, especially considering payload size alignment with octet.
Proposal 1: 10-bits SFN  should be carried by PBCH payload. 

2.1. Indication of half radio frame timing
In addition, we need to consider the indication scheme of half radio frame timing. At the previous meeting, multiple schemes were proposed as follows. 
Alt. 1: Half radio frame timing is carried only by PBCH payload. 
Alt. 2: Half radio frame timing is carried only by implicit indication. 
Alt. 3: Both Alt.1 and Alt. 2 are applied to carry half radio frame timing.
If PBCH payload includes the half radio frame timing (Alt. 1), UE detection effort in implicit indication, e.g. PBCH de-scrambling, can be reduced. However, since there would be a case where UE needs to identify half radio frame timing of target cell for handover, i.e., to identify RACH occasion, UE needs to read NR-PBCH of target cell if half radio frame timing is indicated in NR-PBCH payload only. It may cause handover delay issue due to PBCH reading based on combining reception to cope with low SINR at cell edge. On the other hand, if half radio frame timing is indicated only by implicit indication (Alt. 2), UE can derive half radio frame timing information without reading PBCH and hence there may be no handover delay issue. However, implicit indication has no way for verification. In the sense, we can consider Alt. 3 to solve the problem as mentioned above. We think that Alt. 3 should be applied only for specific band since Alt. 3 is redundant. In addition, we think that such handover delay is concerned particularly in mobility layers such as below 3 GHz frequency range. Therefore, possible way to handle this issue is to apply Alt. 3 only for below 3 GHz frequency range. In the case for below 3 GHz frequency range, current design of implicit indication based on PBCH-DMRS sequence assumes to carry only 2-bits of SS block index. So, assuming that up to 3 bits can be carried by PBCH-DMRS as in above 3 GHz frequency range without additional complexity, 1-bit half radio frame timing information can be carried by PBCH-DMRS sequence in addition to 2 bits of SS block index in below 3 GHz frequency range. In case of above 6 GHz, Alt.1 can be applied since PBCH reading would be anyway required when half radio frame timing needs to be derived from target cell signal, i.e., asynchronous case. In case of frequency range between 3 and 6 GHz, Alt.1 can also be applied, and if the handover delay is concerned, RACH configuration and/or SS burst set composition needs to be restricted e.g., to have RACH occasion periodicity less than 5 ms and/or to locate SS burst set at 1st half radio frame within SS burst set periodicity.
Proposal 2: NR supports following indication scheme of half radio frame timing.
· For all the frequency bands, 1 bit of half radio frame timing information is carried in PBCH payload.
· For below 3 GHz frequency range, in addition to indication in PBCH payload, 1 bit of half radio frame timing is also indicated by PBCH-DMRS sequence together with 2 bits of SS block index.

Discussion on NR-PBCH contents and payload size
Information provided by PBCH is minimum necessary information to decode PDCCH which schedules PDSCH carrying system information (SI). Even in NR, this principle should be held so that NR-PBCH transmitted by using limited amount of resource can be robust enough. 
3.1. NR-PBCH contents and payload size for below 6 GHz frequency range
For below 6 GHz band, following information should be carried in NR-PBCH.
· SFN: 10 bits
As mentioned in section 2, 10 bits of SFN should be carried in NR-PBCH to avoid blind detection for PBCH de-scrambling.
· Half radio frame timing indication: 1 bit
As mentioned in section 2, explicit indication of 1-bit half radio frame timing should be applied in all frequency range.  
· SS block index indication: 0 bit for below 6 GHz frequency range
RAN1 agreed that 3 bits (b5, …, b3) for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz. 
· SS block frequency offset indication: 4 bit
According to the agreement in RAN4 #84 meeting related to “floating sync” in NR, SS/PBCH block is not PRB aligned with the data PRB and there would be subcarrier offset(s) between the edge of the SS/PBCH block PRB and PRB grid for common PRB indexing [2]. 4 bits is needed since the offset can be from 0 to 11 subcarriers.
· Information of control resource set (CORESET) for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI: 4 bits
Different from LTE, UE would not need to know system bandwidth of the NR carrier from PBCH since CORESET (search space) for UE-common (or UE-group-common) NR-PDCCH can be smaller than carrier bandwidth in NR. In addition, CORESET time/frequency resource location can be indicated based on relative offset from SS/PBCH block so that UE does not need to be aware of central and edge positions of the carrier. 
This CORESET information includes bandwidth, duration, start timing and frequency position corresponding to the detected SS/PBCH block. More details are discussed in our companion contribution [3].
· Single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI: 1 bits
Single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI for below 6 GHz has 2 options (i.e. 15/30 kHz SCS) according to RAN4 agreements on mandatory/optional SCS [4, 5]. 
· Information of first DMRS position: 1 bit
RAN1 agreed that the first DMRS position either on 3rd symbol or 4th symbol is configured by PBCH as working assumption. This can be informed by using 1 bit.
· Information for quick identification that UE cannot camp on the cell: 1 bit
RAN2 agreed it as a working assumption that 1 bit is included in NR MIB to indicate that a cell cannot be camped on.
· CRC: [19] bits
According to RAN1 discussion in channel coding, CRC length is under discussion with range from 19 to 24 bits.
· Reserved: [7] bits
Even though RAN1 agreed to strive for supporting same payload size between below 6 and above 6 GHz, it would be reasonable that NR-PBCH in above 6 GHz carries more information than that in below 6 GHz considering large number of beams, wide bandwidth and forward compatibility. In addition, unnecessary increase of PBCH payload size for below 6 GHz would cause PBCH performance degradation. Therefore, reserved bit size for below 6 GHz should not be unnecessarily large.
· Total: 48 bits

Proposal 3: NR-PBCH for below 6 GHz frequency range carries following information.
· SFN: 10 bits 
· Half radio frame timing indication: 1 bit
· SS block frequency offset indication: 4 bits
· CORESET configuration: 4 bits
· Numerology: 1 bit
· Information of first DMRS position: 1 bit
· Information for quick identification that UE cannot camp on the cell/carrier: 1 bit
· CRC: [19] bits
· Reserved: [7] bits
· Total: 48 bits

3.2. NR-PBCH contents and payload size for above 6 GHz frequency range
For above 6 GHz band, following information should be carried in NR-PBCH.
· SFN: 10 bits
Same as below 6 GHz range. 
· Half radio frame timing indication: 1 bit
Same as below 6 GHz range. 
· SS block index indication: 3 bits for above 6 GHz frequency range
RAN1 agreed that 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz. 
· SS block frequency offset indication: 4 bits
Same as below 6 GHz range.
· Information of control resource set (CORESET) for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI: 4 bits
As in our companion contribution [3], we propose the same number of bits to indicate CORESET configuration between below 6 GHz and above 6 GHz cases.
· Additional information on CORESET such as relative time/frequency offset from detected SS/PBCH block location: [5 - 9] bits
As discussed in [3], we think it is beneficial to support additional information on CORESET in PBCH for above 6 GHz case. Since RMSI overhead issue would become significant in case with multiple SS/PBCH block frequency locations within a wideband CC and large number of beams for SS/PBCH block transmissions, RMSI transmission only on the part of frequency locations would be beneficial to relax the RMSI overhead issue. By using this information together with above CORESET configuration information, UE can identify CORESET time/frequency location even if it is different location from any of candidate locations indicated by the CORESET configuration information. For example, NR-PBCH in frequency location #a can indicate that corresponding reference SS/PBCH block location for CORESET configuration information is frequency location #b, and then CORESET configuration information can indicate relative time/frequency location of CORESET based on the reference SS/PBCH block location. More details are discussed in our companion contribution [3].
· Single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI: 1 bit
There are 2 possible options for above 6 GHz range (i.e. 60/120 kHz SCS) according to RAN4 agreements on mandatory/optional SCS [4, 5]. 
· Information of first DMRS position: 1 bit
Same as below 6 GHz range.
· Information for quick identification that UE cannot camp on the cell: 1 bit
Same as below 6 GHz range.
· CRC: [19] bits
Same as below 6 GHz range.
· Reserved: [3 - 7] bits
As well as below 6 GHz case, reserved bit size for above 6 GHz should not be unnecessarily large.
· Total: 56 bits

Proposal 4: NR-PBCH for above 6 GHz frequency range carries following information.
· SFN: 10 bits 
· Half radio frame timing indication: 1 bit
· A part of SS/PBCH block index: 3 bits
· SS block frequency offset indication: 4 bits
· CORESET configuration: 4 bits
· Additional offset information for CORESET: [5 - 9] bits
· Numerology: 1 bits
· Information of first DMRS position: 1 bit
· Information for quick identification that UE cannot camp on the cell/carrier: 1 bit
· CRC: [19] bits
· Reserved: [3 - 7] bits
· Total: 56 bits

NR-PBCH design
Remaining details on 2nd PBCH scrambling 
RAN1 agreed to down select the initialization factor for 2nd scrambling from two alternatives bellow.
· 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 both alternatives, UE can have only one hypothesis for de-scrambling since cell ID and 3 LSBs of SS/PBCH block index are already identified by NR-SS and PBCH-DMRS when UE performs NR-PBCH de-scrambling. Therefore, there would be no complexity issue at all. On the other hand, since 1st scrambling is based on cell ID and 2nd/3rd LSBs of SFN, multiple NR-PBCHs within 20 ms have the same scrambling pattern. In order to achieve interference randomization within 20 ms especially in case of collision between NR-PBCHs from multiple cells, 2nd scrambling based on Alt 2 may be preferable compared with Alt.1.
Proposal 5: The 2nd scrambling is initialized based on both cell ID and 3 LSBs of SS/PBCH block index.

Bandwidth and Number of NR-PBCH symbols within a SS/PBCH block
As discussed in previous section, we consider that NR-PBCH payload size would be 48 and 56 bits including CRC for below 6 GHz and above 6 GHz, respectively. According to our previous evaluation results regarding 48 and 56 bits of PBCH payload sizes, it was observed that combining reception of multiple NR-PBCHs within PBCH TTI is necessary to achieve sufficiently reliable detection performance such as <1% BLER performance at the targeted SINR of -6 dB. Considering the concern on handover and measurement delay due to PBCH reading, one-shot NR-PBCH performance should be improved as much as possible for the case where PBCH reading is required for handover and/or measurement such as in above 6 GHz frequency range.
For such purpose, we have proposed to increase the number of NR-PBCH symbols within SS/PBCH block to three only for above 6 GHz. As shown in Figure A1 in ANNEX, applying 3 symbols for NR-PBCH within SS/PBCH block can improve the BLER performance significantly so that required number of samples for combining reception and corresponding delay due to PBCH reading would be reduced. In addition, if 3 symbols are applied for NR-PBCH within SS/PBCH block, the number of PBCH-DMRS REs can also be increased and hence PBCH-DMRS sequence detection performance can also be improved as shown in Table A2 in ANNEX. SS block composition and SS burst set composition for five symbol SS block including 3-symbols of NR-PBCH are discussed and proposed in section 4.3.
Observation 1: NR-PBCH with three symbols within a SS/PBCH block can improve the BLER performance and SSB index detection performance significantly.
Proposal 6: The number of NR-PBCH symbols within SS/PBCH block in case of above 6 GHz is three.

At the last RAN1 meeting, there was a big debate regarding SS raster issue and corresponding proposal to reduce NR-PBCH bandwidth. The number of SS raster entries within a band is based on channel raster, minimum channel bandwidth and SS/PBCH block bandwidth. Reducing the NR-PBCH bandwidth can reduce the number of SS raster entries, however, just reducing NR-PBCH bandwidth causes NR-PBCH detection performance degradation and longer PBCH reading delay. In addition, as many companies concerned, reducing NR-PBCH bandwidth at this stage may cause some other RAN1 design changes.
As discussed in our companion contribution [6], we can consider two options to solve the issue on large number of SS raster entries. According to our analysis in [6], increasing minimum channel bandwidth seems more effective than reducing PBCH bandwidth. In addition, if minimum channel bandwidth cannot be increased, one potential solution to reduce SS raster entries is that multiple default SCSs are defined only for a part of the band.
Option 1: Reduce PBCH bandwidth
Option 2: Increase minimum channel bandwidth (min. CBW)
Based on above discussion, we prefer to keep current NR-PBCH bandwidth and to apply some other solution(s) to reduce the number of SS raster entries such as increasing minimum channel bandwidth.
Proposal 7: NR-PBCH bandwidth is not changed and other possible solution to reduce the number of SS raster entries e.g., increasing minimum channel bandwidth should be further investigated.

SS block/burst set composition in case of 3 PBCH symbols in SS block 
RAN1 had reached the agreement about SS block/burst set composition for 2-symbol PBCH case. However, as argued in section 4.2, from concern on PBCH detection performance, we propose 3-symbol PBCH for above 6 GHz frequency range. So we would like to consider SS block/burst set composition for 3-symbol PBCH case in this section. Based on the design for 2-symbol PBCH case, we have two options of SS block composition for 3-symbol PBCH case as shown in Figure 2. At the last meeting, it was discussed that PSS symbol mapped to first symbol within a SS block may cause a problem in terms of UE fast AGC especially in case of using higher SCS i.e., shorter symbol/CP length. Therefore, It may be better to put one PBCH symbol at the beginning of SS block in case of SS block including 3 PBCH symbols for higher frequency carrier and higher SCS. 
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Figure 2: Examples of SS block composition for the case of three PBCH symbols

Proposal 8: For above 6 GHz frequency range, NR-PSS is mapped to second symbol within a SS block, NR-SSS is mapped to forth symbol within SS block, and NR-PBCH and PBCH-DMRS are mapped to first, third, and fifth symbols within a SS block.

Regarding SS burst set composition within slot(s) for the case of five symbols SS block composition, we should apply the same manner as SS burst set composition for four symbols SS block composition, i.e., several number of symbols should be preserved for DL and UL control at the beginning/ending of the slot of 14 symbols. In NR, 60 and 120 kHz subcarrier spacing can be used for data while either 120 or 240 kHz subcarrier spacing will be used for SS block signals in above 6 GHz frequency range. If we assume that 4 or 8 symbols are preserved at beginning/ending of slot for 120 or 240 kHz  subcarrier spacing, 2 or 4 symbols can be preserved for 60 kHz and 120 kHz SS subcarrier spacing for data, respectively.  The proposed SS burst set composition for 120/240 kHz subcarrier spacing is shown in Figure 3.  
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Figure 3: Example of SS burst set composition for the case of five symbols SS block

Additionally, SS burst set composition within a half radio frame i.e., mapping of slots containing SS/PBCH blocks within a half radio frame can be kept as same as in case of SS/PBCH block consisting of four OFDM symbols.
Proposal 9: SS burst set composition for above 6 GHz frequency range should be defined as follows.
· For 120 kHz SS block subcarrier spacing
· 1st SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 4-8 in 1st slot
· 2nd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 9-13 in 1st slot
· 3rd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 0-4 in 2nd slot
· 4th SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 5-9 in 2nd slot
· For 240 kHz SS block subcarrier spacing
· 1st SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 8-12 in 1st slot
· 2nd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 13 in 1st slot and OFDM symbol 0-3 in 2nd slot
· 3rd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 4-8 in 2nd slot
· 4th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 9-13 in 2nd slot
· 5th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 0-4 in 3rd slot
· 6th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 5-9 in 3rd slot
· 7th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 10-13 in 3rd slot and OFDM symbol 0 in 4th slot
· 8th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 1-5 in 4th slot
· Mapping of slots containing SS/PBCH blocks within a half radio frame is same as that agreed for the case of SS/PBCH block consisting of four OFDM symbols

Remaining details on PBCH-DMRS sequence design 
· Power offset between SSS and PBCH-DMRS
At the previous meeting, SSS power offset to PBCH-DMRS was discussed and following alternatives are proposed. 
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset 
In current agreements, NR-SS consists of 12 PRBs, which includes 17 null SCs, and NR-PBCH consists of 24 PRBs for each OFDM symbol, respectively. If REs outside NR-SS is not used for any purpose, we can consider Alt. 2 for the improvement of NR-SS detection performance. However, for now, the purpose of REs outside NR-SS has not discussed and determined yet. In the sense, our preference is Alt.1. 
Proposal 10: SSS power offset to PBCH-DMRS is 0 dB. 

· Sequence Initialization of PBCH-DMRS sequence 
At the previous meeting, RAN1 made the agreements on sequence generation of PBCH DMRS such as type of sequence, generator polynomials, and RE mapping. As the remaining details of PBCH DMRS sequence design, we need to discuss the details of sequence initialization which includes the definition of output shift offset . Based on the discussion so far, we think there are two major options as follows. 
Option 1: ID mapping to 
Based on LTE-CRS sequence, NR cell ID  and SS block index  are associated with initial condition of second m-sequence as follows.
The first m-sequence is initialized with
.
The second m-sequence is initialized as follows.

In addition, output shift offset  is fixed as {1600}.
Option 2: ID mapping to 
As another option, NR cell ID and SS block index are associated with output shift offset  as follows.

In addition, first and second m-sequences are initialized as follows. 


As third option, we can also consider the combination of option 1 and 2 (e.g. option 2 in R1-1715038). However, such complicated mapping scheme makes it difficult to be reused easily for another purpose (if exist). Therefore, we make following proposal: 
Proposal 11: Sequence to ID mapping for PBCH-DMRS should be down-selected from two mapping schemes below.
· Option 1: NR cell ID and part of SS block index are associated only with 
· Option 2: NR cell ID and part of SS block index are associated only with 

Conclusion 
In this contribution, we discussed on timing information indication, NR-PBCH contents, and the remaining details on NR-PBCH design and PBCH-DMRS design. Based on the discussion, we made following observations and proposals.
Proposal 1: 10-bits SFN  should be carried by PBCH payload. 
Proposal 2: NR supports following indication scheme of half radio frame timing.
· For all the frequency bands, 1 bit of half radio frame timing information is carried in PBCH payload.
· For below 3 GHz frequency range, in addition to indication in PBCH payload, 1 bit of half radio frame timing is also indicated by PBCH-DMRS sequence together with 2 bits of SS block index.
Proposal 3: NR-PBCH for below 6 GHz frequency range carries following information.
· SFN: 10 bits 
· Half radio frame timing indication: 1 bit
· SS block frequency offset indication: 4 bits
· CORESET configuration: 4 bits
· Numerology: 1 bit
· Information of first DMRS position: 1 bit
· Information for quick identification that UE cannot camp on the cell/carrier: 1 bit
· CRC: [19] bits
· Reserved: [7] bits
· Total: 48 bits
Proposal 4: NR-PBCH for above 6 GHz frequency range carries following information.
· SFN: 10 bits 
· Half radio frame timing indication: 1 bit
· A part of SS/PBCH block index: 3 bits
· SS block frequency offset indication: 4 bits
· CORESET configuration: 4 bits
· Additional offset information for CORESET: [5 - 9] bits
· Numerology: 1 bits
· Information of first DMRS position: 1 bit
· Information for quick identification that UE cannot camp on the cell/carrier: 1 bit
· CRC: [19] bits
· Reserved: [3 - 7] bits
· Total: 56 bits
Proposal 5: The 2nd scrambling is initialized based on both cell ID and 3 LSBs of SS/PBCH block index.
Observation 1: NR-PBCH with three symbols within a SS/PBCH block can improve the BLER performance and SSB index detection performance significantly.
Proposal 6: The number of NR-PBCH symbols within SS/PBCH block in case of above 6 GHz is three.
Proposal 7: NR-PBCH bandwidth is not changed and other possible solution to reduce the number of SS raster entries e.g., increasing minimum channel bandwidth should be further investigated.
Proposal 8: For above 6 GHz frequency range, NR-PSS is mapped to second symbol within a SS block, NR-SSS is mapped to forth symbol within SS block, and NR-PBCH and PBCH-DMRS are mapped to first, third, and fifth symbols within a SS block.
Proposal 9: SS burst set composition for above 6 GHz frequency range should be defined as follows.
· For 120 kHz SS block subcarrier spacing
· 1st SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 4-8 in 1st slot
· 2nd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 9-13 in 1st slot
· 3rd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 0-4 in 2nd slot
· 4th SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol 5-9 in 2nd slot
· For 240 kHz SS block subcarrier spacing
· 1st SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 8-12 in 1st slot
· 2nd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 13 in 1st slot and OFDM symbol 0-3 in 2nd slot
· 3rd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 4-8 in 2nd slot
· 4th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 9-13 in 2nd slot
· 5th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 0-4 in 3rd slot
· 6th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 5-9 in 3rd slot
· 7th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 10-13 in 3rd slot and OFDM symbol 0 in 4th slot
· 8th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol 1-5 in 4th slot
· Mapping of slots containing SS/PBCH blocks within a half radio frame is same as that agreed for the case of SS/PBCH block consisting of four OFDM symbols
Proposal 10: SSS power offset to PBCH-DMRS is 0 dB. 
Proposal 11: Sequence to ID mapping for PBCH-DMRS should be down-selected from two mapping schemes below.
· Option 1: NR cell ID and part of SS block index are associated only with 
· Option 2: NR cell ID and part of SS block index are associated only with 
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Annex: Link-level simulation on NR-PBCH and PBCH-DMRS design 
Table A1 shows simulation assumptions for NR-PBCH evaluation, Figure A1 shows BLER performance results for NR-PBCH and Table A2 shows SSB index detection performance.
Figure A1 (a), (b), (c) and (d) show BLER performances with different number of symbols within a SS block and different bandwidth for NR-PBCH when the interfering TRP is not considered. NR-PBCH with 2 symbols and 24 PRB bandwidth can achieve below 1 % BLER at -6 dB SNR condition by using 3 shots combining. On the other hand, NR-PBCH with 3 symbols and 24 PRB bandwidth can achieve below 1 % BLER at -6 dB SNR condition by using 2 shots combining. NR-PBCH with 2 symbols and 12 PRB bandwidth cannot achieve below 1 % BLER at -6 dB SNR condition even by using 4 shots combining. On the other hand, NR-PBCH with 3 symbols and 12 PRB bandwidth can achieve below 1 % BLER at -6 dB SNR condition by using 4 shots combining.
Table A2 shows BLER and SSB index detection performance with different number of symbols for NR-PBCH within a SS block when the interfering TRP is not considered. PBCH-DMRS on 3 symbols can also improve SSB index detection performance thanks to longer PBCH-DMRS sequence mapped to 3 symbols. 

Table A1: Simulation assumptions for NR-PBCH evaluation
	Parameter 
	Value

	Carrier frequency
	4 GHz

	Transmission method
	1-port based transmission

	DMRS REs per PRB per symbol  (equal interval)
	3

	Time domain allocation
	2, 3 OFDM symbol

	Frequency domain allocation
	24/ 12 PRBs

	Sub-carrier spacing
	30 kHz

	Channel model
	CDL-C with 100 ns delay scaling

	UE speed
	3 km/h

	Channel coding
	Polar code

	Payload size
	48, 56, 64 bits 

	Reference signal transmission
	SSS + Self-contained DMRS

	Channel estimation
	2D-MMSE

	Receiver algorithm
	2 RX MRC

	Repetition
	1, 2, 3, 4 times

	SS block composition for 2 symbols 
	PSS-PBCH-SSS-PBCH

	SS block composition for 3 symbols 
	PBCH-PSS-PBCH-SSS-PBCH

	CFO
	Gaussian distribution with  σ= 0.24 ppm
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Figure A1: BLER performance of NR-PBCH with different number of PBCH symbols within a SS block and different bandwidth (No interference TRP)


Table A2: One-shot SSBI misdetection rate for different number of symbols
(PBCH bandwidth = 24 PRBs, Random cell ID mapping, SNR = - 6 dB)
	Num. of symbols
	PBCH BLER
	SSB index
misdetection rate

	2
	0.3745
	0.0920

	3
	0.1905
	0.0645
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