
3GPP TSG RAN WG1 Meeting #90bis

R1-1717460
Prague, Czech Republic, 9th - 13th October 2017                                          
Source:
vivo
Title:
Remaining aspects on NR-PBCH contents and payload

Agenda Item:
7.1.2.1
Document for:
Discussion and Decision 
1. Introduction
NR-PBCH content was discussed in previous meeting [1] and information for floating sync has been introduced into MIB [2]; the related agreement is attached in Appendix. In this contribution, we provide some views on the content and payload size of NR-PBCH.
Note: This contribution is revised from R1-1715607 submitted in RAN1 NR AH#3 meeting.
2. Discussion
2.1. Remaining aspects on NR-PBCH contents and payload
Timing information including SFN:
The timing information to be carried in SS block is illustrated as follows:
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Additional blind decoding attempts can be avoided by performing time-varying scrambling, i.e. 1st scrambling code prior to CRC attachment and encoding process. 1st scrambling sequence is a Gold sequence initialized by Cell ID and 2 LSBs of SFN {s1, s2} are used for determining a sequential non-overlapping portion of the sequence, that is, the half radio frame index and 10 bits of SFN {s0-s9} should be indicated by NR-PBCH explicitly. 
As for the 2nd scrambling, the scrambling sequence should be initialized based on cell ID only and identical in SS blocks, rather than initialized based on both cell ID and 3 LSBs of SS block index in which case the NR-PBCH combining within an SS burst set will be more complicated, since different 3 LSBs and 3 MSBs hypotheses of SS block index should be supposed in the 1st and 2nd descrambling, respectively.
In case of above 6 GHz frequency range, 3LSBs of SS block time index {b2, b1, b0} are implicitly carried by changing 8 DMRS sequences {a_0, …, a_7} within each 5ms period, the remaining 3MSBs {b5, b4, b3} are carried in NR-PBCH. In case of 3-6GHz frequency range, the entire index indication {b2, b1, b0} can be carried by DMRS sequences {a_0, …, a_7} completely. For below 3GHz frequency range case, 2 LSBs of SS block time index {b1, b0} are indicated by 4 different DMRS sequences {a_0, …, a_3}. In other words, 3 explicit bits are needed for above 6 GHz frequency range case, no explicit bit is needed for below 6 GHz frequency range case. 

Proposal 1: Part of timing information is carried by NR-PBCH explicitly:
· Half radio frame index: 1 bit
· 10 bits of SFN {s0, s1, s2, s3, s4, s5, s6, s7, s8, s9} 
· Indication of time index in NR-PBCH:
· in case of above 6 GHz frequency range, 3 bits are required to be included in NR-PBCH.

· in case of below 6 GHz frequency range, no explicit bit is needed.

Proposal 2: The 2nd scrambling sequence should be initialized based on cell ID only and identical in SS blocks.

Information for remaining minimum system information scheduling:

To provide RMSI CORESET configuration information for RMSI scheduling, the following information may be necessary:

· RMSI CORESET location
· 3 bits, both time and frequency location should be indicated.
· RMSI CORESET monitoring occasion 
· Monitoring window length
· Window offset.
· RMSI periodicity and transmission interval
In our companion contribution [3], the configuration for RMSI CORESET that scheduling RMSI is discussed. 3 bits are required to indicate the time/frequency location of RMSI CORESET. 

To further simplify UE complexity, RMSI CORESET monitoring occasion is suggested to be included in NR-PBCH to avoid unnecessary blind detection. Moreover, multiple configurable RMSI periodicities and RMSI transmission intervals would also be supported to meet requirements of different scenarios. 2 bits are needed to indicate the RMSI CORESET monitoring occasion, RMSI periodicity and transmission interval, details are analysed in [3].
The slot index, bundling size, interleaving mode, aggregation level of RMSI CORESET can be predefined and no bits are required in NR-PBCH. Thus, RMSI scheduling information requires 5 bits in total. 
Proposal 3: Following information can be configured for RMSI CORESET by NR-PBCH:
· RMSI CORESET T/F location: 3 bits

· Information on RMSI transmission and monitoring: 2 bits
· RMSI CORESET monitoring occasion including monitoring window length and window offset

· RMSI periodicity and transmission interval

CRC:

Based on the progress of channel coding section, 19-bit CRC is recommended.

DL numerology:

According to previous agreements, a single DL numerology is used for RMSI, Msg.2/4 for initial access and broadcasted OSI. Since there are two possible options for RMSI SCS (60/120 kHz) in above 6GHz case, 1 bit is sufficient to indicate that RMSI SCS is either 60 kHz or 120kHz. In below 6GHz case, 2 bits are required to cover the candidate SCS values (15/30/60 kHz). 
Two SS block mapping patterns of 30 kHz subcarrier spacing case are agreed in RAN1 NR AH#2 meeting, the first SS block mapping pattern is accepted for LTE-NR coexistence scenarios and the other mapping pattern is adopted for URLLC services. However, this may lead to ambiguity about which mapping pattern is deployed since UE may only detect one SS block within an SS burst set periodicity. In order to help UE identify the SS block mapping pattern and reduce blind decoding on SS block, information regarding the deployed SS block mapping pattern should be informed to UE. 
RAN1 has agreed before that it is up to RAN4 to decide the SS block mapping pattern (30 kHz) for each frequency band but received no response yet. If 30 kHz SS block pattern is not band-specific defined, the SS block mapping pattern should be indicated by NR-PBCH to avoid UE blind decoding and 1 additional bit may be introduced. Considering that the expected payload size of NR-PBCH should be as small as possible, this information can be implicitly inferred from the DL numerology indicator. 
NR system should support the multiplexing of SS block and data with different SCSs. As discussed in our companion contribution [4], three cases are excluded from the implication of this indicator1. The following table is an example for indicating the numerology of RMSI CORESET with the DL numerology information. By using this table, UE can infer the numerology of RMSI CORESET and SS block mapping pattern.
Table 1: DL numerology indicator
	<6GHz case

	
	SSB SCS = 15 kHz
	SSB SCS = 30 kHz
	DL numerology indicator (2 bits)

	RMSI CORESET SCS
	15 kHz
	15 kHz, pattern 1
	00

	
	30 kHz
	30 kHz, pattern 1
	01

	
	N. A
	30 kHz, pattern 2
	10

	
	N. A
	60 kHz, pattern 2
	11

	>6GHz case

	
	SSB SCS = 120 kHz
	SSB SCS = 240 kHz
	DL numerology indicator (1 bit)

	RMSI CORESET SCS
	60 kHz
	60 kHz
	0

	
	120 kHz
	120 kHz
	1


1: collision occurs in some combinations of data and SS block with different SCSs [4]: 60kHz data + 30kHz SS block pattern 1, 15kHz data + 30kHz SS block pattern 2, 60kHz data + 15kHz SS block, these combinations may not be appropriate to be deployed in typical scenarios.
Observation 1: In some cases, the multiplexing of data and SS block with different SCSs may not be appropriate to be deployed in typical usage scenarios:
· data (60kHz) + SS block pattern 1 (30kHz)
· data (15kHz) + SS block pattern 2 (30kHz)
· data (60kHz) + SS block (15kHz)
Proposal 4: During initial access procedure, UE should be able to identify the deployed SS block mapping pattern (30KHz) without multiple blind decoding hypotheses:
· SS block mapping patterns can be frequency band-dependent
· SS block mapping patterns can be implicitly or explicit inferred from NR-PBCH
Proposal 5: DL numerology indicator in NR-PBCH: 
· For below 6GHz case: 2 bits

· For above 6GHz case: 1 bit

Information on tracking RS:

Since CRS has been removed in NR, TRS is introduced to meet fine time/frequency tracking requirements. CSI-RS may be a good candidate for TRS framework considering its good performance in the wider bandwidth operation and multi-beam operations. Therefore, TRS pattern can be an aggregation of two or more CSI-RS patterns. 
Similar to CSI-RS configuration, the information on TRS pattern can be configured by RRC signaling. Besides, TRS pattern, including TRS pattern set, can also be predefined to simplify UE complexity and reduce signaling overhead. Information on the configured TRS pattern can be carried by NR-PBCH or implicitly indicated by grouping cell ID. Furthermore, for NR-PDCCH scheduling RMSI and the associated RMSI, default TRS pattern can be adopted. 

Simulation is needed to investigate whether the time/frequency tracking performance of NR-PDCCH for RMSI scheduling and NR-PDSCH for RMSI transmission can meet the requirement target, thus the information on TRS in NR-PBCH needs further study.

Proposal 6: Follow the evaluation results and agreements of TRS from MIMO session to determine whether including TRS information into MIB.
Information for quick identification that UE cannot camp on the cell:

From RAN2’s chairman note, 1 bit may be needed for quick identification that UE cannot camp on the cell [5]:
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In our view, this bit can prevent UE from camping on the cell and UE can quickly identify that the cell is not campable without RMSI PDCCH/PDSCH decoding, e.g., identify NSA cell. This identification can also be used to convey the RMSI presence flag.

Proposal 7: Information for quick identification that UE cannot camp on the cell conveys the corresponding RMSI presence flag; it helps UE to quickly identify that whether the cell is campable or not, e.g., identify NSA cell. 
PDSCH DMRS indication:

DMRS is used by UE for coherent demodulation of RMSI, therefore its position should be broadcasted to UE as early as possible. 1 bit is used to configure that the first position of PDSCH DMRS is either on the 3rd symbol or 4th symbol. 
Proposal 8: 1 bit is used to configure whether the first position of PDSCH DMRS is on the 3rd symbol or 4th symbol. 

QCL indication:
QCL relation between RMSI CORESET and SS blocks should be predefined in specs, so that UE can assume the transmission of RMSI CORESET is quasi-co-located with the corresponding SS block(s). By this way, the same RX beam(s) have been used SS block(s) reception can also be applied for receiving RMSI CORESET.
Indication of initial active bandwidth part:
It was agreed that there is an initial active DL/UL bandwidth part pair to be valid for a UE [1]. For simplicity, its bandwidth and frequency location can be derived from NR-PBCH, e.g. boundary and center frequency of the initial active DL BWP are aligned with that of NR-PBCH. In such case, explicit bits in MIB are unnecessary.
Floating sync:
4 bits are needed since there are up to 11 subcarriers offset between the edge of the sync block PRBs and data PRB grid [6]. 
Proposal 9: 4 bits information regarding floating sync is carried in NR-PBCH.
Bits reserved for future use:

In LTE, 10 bits are reserved in NR-PBCH to support forward compatibility. In NR, forward compatibility should still be ensured for smooth introduction of future services and feature. Since 10 bits are sufficient for LTE evolution, we suggest that there is no need for extra reserved bits at least for above 6Ghz frequency range case. On the other hand, to maintain the consistency of the NR-PBCH payload size in different frequency ranges, 2 extra bits will be reserved for below 6Ghz frequency range case, as 3 explicit bits are needed for time index indication for above 6 GHz frequency range case and 1 extra bits is needed for the indication of DL numerology for below 6 GHz frequency range case. These 2 extra bits may be used for other purposes in subsequent releases for the sub6GHz case. For example, they may be used in LTE-NR coexistence scenario and to indicate some related information.

Proposal 10: For above 6Ghz frequency range case, 10 bits are reserved as LTE, for below 6GHz frequency range case, 12 bits are reserved to support same payload size between below-6 and above-6 GHz. The 2 extra bits may be reserved for some specific usage for below-6 GHz case, for example, LTE-NR coexistence.
Table 2: Content of NR-PBCH

	Information element
	Size(bits)

	SFN
	10

	Half radio frame index
	1

	Information for remaining minimum system information scheduling
	5

	Reserved bits
	>6Ghz: 10

<6Ghz: 12

	CRC
	19

	DL numerology
	>6Ghz: 1
<6Ghz: 2

	Information on tracking RS
	FFS

	SS block time index
	>6Ghz: 3

<6Ghz: 0

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

	PDSCH DMRS indication
	1

	Floating sync
	4

	Total
	55

	Recommended NR-PBCH payload size including CRC
	56


From Table 2, the total size of information that must be included in NR-PBCH is 55 bits, since a design feature of the NR-PBCH content is that NR-PBCH payload should be byte aligned, we suggest that the total size of NR-PBCH payload is 56 bits.

Proposal 11: The total size of NR-PBCH payload including CRC is 56bits.
3. Conclusion

This contribution has discussed NR-PBCH content as well as NR-PBCH payload size with the following proposals:
Proposal 1: Part of timing information is carried by NR-PBCH explicitly:
· Half radio frame index: 1 bit
· 10 bits of SFN {s0, s1, s2, s3, s4, s5, s6, s7, s8, s9} 
· Indication of time index in NR-PBCH:
· in case of above 6 GHz frequency range, 3 bits are required to be included in NR-PBCH.

· in case of below 6 GHz frequency range, no explicit bit is needed.

Proposal 2: The 2nd scrambling sequence should be initialized based on cell ID only and identical in SS blocks.

Proposal 3: Following information can be configured for RMSI CORESET by NR-PBCH:
· RMSI CORESET T/F location: 3 bits

· Information on RMSI transmission and monitoring: 2 bits
· RMSI CORESET monitoring occasion including monitoring window length and window offset

· RMSI periodicity and transmission interval

Proposal 4: During initial access procedure, UE should be able to identify the deployed SS block mapping pattern (30KHz) without multiple blind decoding hypotheses:
· 
SS block mapping patterns can be frequency band-dependent
· SS block mapping patterns can be implicitly or explicit inferred from NR-PBCH
Proposal 5: DL numerology indicator in NR-PBCH:
· For below 6GHz case: 2 bits

· For above 6GHz case: 1 bit

Proposal 6: Follow the evaluation results and agreements of TRS from MIMO session to determine whether including TRS information into MIB.
Proposal 7: Information for quick identification that UE cannot camp on the cell conveys the corresponding RMSI presence flag; it helps UE to quickly identify that whether the cell is campable or not, e.g., identify NSA cell.
Proposal 8: 1 bit is used to configure whether the first position of PDSCH DMRS is on the 3rd symbol or 4th symbol.
Proposal 9: 4 bits information regarding floating sync is carried in NR-PBCH.

Proposal 10: For above 6Ghz frequency range case, 10 bits are reserved as LTE, for below 6GHz frequency range case, 12 bits are reserved to support same payload size between below-6 and above-6 GHz. The 2 extra bits may be reserved for some specific usage for below-6 GHz case, for example, LTE-NR coexistence. 
Proposal 11: The total size of NR-PBCH payload including CRC is 56bits.
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Appendix: Agreements on PBCH content
Agreements on NR-PBCH content in RAN1#90 meeting [1]: 

Agreements:
· NR strive to support same payload size between below-6 and above-6 GHz

· SS block time index:

· 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz (No scrambling)

· b5, …, b3 for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz

· 3 bits in NR-PBCH payload in below 6 GHz case may be used for other purpose(s)
Agreements:
· SS burst set periodicity is not carried in NR-PBCH payload.

Agreements:
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload.
· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI.
Agreements:
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition
· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}
· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID
Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X
Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda
Agreements on NR-PBCH content in RAN1 NR AH#3 [2]:
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
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

In RAN2 previous meetings, agreements related to NR-PBCH content were made as follows [5]

 REF _Ref493756599 \r \h 
 \* MERGEFORMAT [7]:
Agreements

1
For cell ID extension we can indicate to RAN1 that RAN2 understand this to be referring to physical cell ID extension (i.e. not related to GCI) and RAN2 has not identified a RAN2 need for Cell ID extension and leave the discussion and final decision whether this is needed to RAN1. Can further indicate that there will be a GCI in SIB1. Can also indicate that adding such an extension in future releases would be possible but it would not be understood by legacy UEs.

2
There is some indication in MIB that a cell is not campable (at least to address the NSA cell case). If additional information is needed then at most this information would be 2 bits. 

FFS whether the SIB1 presence flag (understood to be RMSI in RAN1's terminology) or omission of SIB1 scheduling information could be used for this purpose or an additional indicator (could be today's cellbarred bit) is needed. 

FFS whether an intra-freq Reselection indicator would be useful in MIB. 

3 
RAN2 will let RAN1 conclude how much of SFN to include in MIB and RAN2 can further discuss how much additional SFN should be carried in a SIB. Can discuss more offline whether RAN2 have a preference for the minimum number of SFN bits that can be determined by reading MIB.

Agreement

1
RAN2 will indicate to RAN1 that no value tag/area related info will be included in MIB

Working assumption 

1:
1 bit (final name FFS, but same UE behaviour as cellbarred in LTE) is included in NR MIB to indicate that a cell cannot be camped on. intraFreqReselection is 'not allowed' (not signalled). BarredTimer is specified, value FFS.


cellBarred and intraFreqReselection signalling in SIB1 (as in LTE)

Agreements

2:
Synchronisation information (1 bit) is provided to inform that the UE can utilise serving cell timing to derive the index of SS-block transmitted by neighbour cell (e.g. radio frame or SFN or symbol level synchronisation).

3:
The synchronisation information can be provided via both dedicated RRC signalling and broadcast, but not via NR MIB.

FFS on the location of the bit in the SIBs[image: image3.png]
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