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Introduction
This contribution argues for the need to support provisioning of the NR minimum system information using both beam-sweeping of narrow-beams as well a time repetition in wide beams. 
[bookmark: _Ref178064866]Discussion
The SS Burst Set, as agreed in RAN1, consist of SS Burst and each SS Burst consist of a number of SS Blocks, see Figure 1. The paper R1-1700294 [1] discuss RAN1 aspects of the NR SS burst set periodicity and argues that
“The SS Block consist of a synchronization part containing NR-PSS/SSS and the NR-PBCH where the latter should be constant within the SS burst, allowing for both beam-sweeping (spatial repetition) and time-domain repetition (temporal repetition) in the same framework [1]”
Since the SS Burst Set structure that is agreed in RAN1 supports both spatial and temporal repetition we propose that also RAN2 assumes that the solution for NR minimum system information provisioning shall support both spatial repetition (e.g. using narrow-beam sweeping) and temporal repetition (e.g. using wide-beams).
[bookmark: _Toc473212108][bookmark: _Toc473212585][bookmark: _Toc473212902][bookmark: _Toc473278890][bookmark: _Toc473288882][bookmark: _Toc473288906][bookmark: _Toc473792975][bookmark: _Toc473911875][bookmark: _Toc473912515][bookmark: _Toc473930859][bookmark: _Toc473931062][bookmark: _Toc473931840]The solution for NR minimum system information provisioning shall support both spatial repetition (e.g. using narrow-beam sweeping) and temporal repetition (e.g. using wide-beams).
Transmission of SS Block
The SS Block consist of a synchronization part denoted NR-PSS/SSS in this contribution. In addition, the synchronization may also include an additional synchronization signal, here denoted TSS, indicating the SS Block timing within an SS Burst. It is for RAN1 to decide the exact design of this synchronization part. Here we assume that after having received one instance of the NR-PSS/SSS/TSS the UE is aware of the symbol timing (e.g. from the PSS), the PCI (e.g. from the PSS and SSS) and the time offset to the start of the SS Burst (e.g. from the TSS). The remaining timing information (system frame number (SFN)) is known to the UE after acquiring MIB.
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[bookmark: _Ref470014120]Figure 1: Schematic picture of an SS Block Set contain up to M SS Bursts, each containing up to N SS Blocks.
To support both beam-sweeping (spatial repetition) and time-domain repetition (temporal repetition) in the same framework we make the following additional assumptions:
· [bookmark: _Toc470015668]The UE may not assume that any two SS Blocks in an SS Block Set use identical beamforming, unless it is explicitly informed that this is the case.
· [bookmark: _Toc470015669]The UE shall not assume that all SS Bursts in an SS Burst Set can be received.
· [bookmark: _Toc470015670]The UE shall not assume that all SS Blocks in an SS Burst can be received.
· [bookmark: _Toc470015671]MIBs transmitted in the same SS Burst are identical.
· [bookmark: _Toc470015672]MIBs transmitted in different SS Burst may be different.
· [bookmark: _Toc470015673]The UE should be able to determine if two received SS Blocks belong to the same SS Burst or not. 
[bookmark: _Toc473212109][bookmark: _Toc473212586][bookmark: _Toc473212903][bookmark: _Toc473278891][bookmark: _Toc473288883][bookmark: _Toc473288907][bookmark: _Toc473792976][bookmark: _Toc473911876][bookmark: _Toc473912516][bookmark: _Toc473930860][bookmark: _Toc473931063][bookmark: _Toc473931841]SS Blocks in the same SS Burst provide identical information in the MIBs.
[bookmark: _Toc473212110][bookmark: _Toc473212587][bookmark: _Toc473212904][bookmark: _Toc473278892][bookmark: _Toc473288884][bookmark: _Toc473288908][bookmark: _Toc473792977][bookmark: _Toc473911877][bookmark: _Toc473912517][bookmark: _Toc473930861][bookmark: _Toc473931064][bookmark: _Toc473931842][bookmark: _Toc473212111]SS Blocks in different SS Burst may provide different information in the MIBs.
With the above assumptions it is straightforward for NR to support both beam-sweeping in narrow beams as well as time repetition in wider beams as depicted in Figure 2.
[image: ]
[bookmark: _Ref470166944]Figure 2: Examples of different configurations of an SS Burst Set. Top: Time-repetition within one SS Burst in a wide beam. Middle: Beam-sweeping of a small number of beams using only one SS Burst in the SS Burst Set. Bottom: Beam-sweeping of a larger number of beams using more than one SS Burst in the SS Burst Set to form a complete sweep.
Transmission of SIB1
The MIB (provided in the NR-PBCH inside the SS Block) will contain only a small and fixed size part of the minimum SI. The remaining minimum SI should be transmitted in another channel, e.g. in a secondary PBCH. In order to support different transmission formats for the secondary PBCH (such as e.g. single frequency network transmission) the configuration and format of the physical channel used to transmit SIB1 and possibly additional SIBs (e.g. SIB2) is configured in the MIB. The MIB contains information related to the transmission format of the SIBs. For example, the SIBs physical channel may use the same antenna ports as the SS Block or a different set of antenna ports. And as explained in the beginning of this document, MIB conveys the timing information. Whether MIB carries the entire SFN and possibly even the subframe number explicitly or whether, as in LTE, the least significant bits of the SFN are derived from the redundancy version should be studied by RAN. 
[bookmark: _Toc473792978][bookmark: _Toc473911878][bookmark: _Toc473912518][bookmark: _Toc473930862][bookmark: _Toc473931065][bookmark: _Toc473931843]The MIB contain information related to the transmission format of a channel providing at least SIB1.  
[bookmark: _Toc473911879][bookmark: _Toc473912519][bookmark: _Toc473930863][bookmark: _Toc473931066][bookmark: _Toc473931844]The MIB conveys the timing information beyond the granularity available from PSS/SSS/TSS (e.g. SFN)
Note that the UE shall not by default assume that the beam-forming of the SS Blocks is related to the beamforming of the physical channel used to convey the SIBs. For example, the SS Block may be beam-swept using narrow and cell-dependent beam-forming while the SIBs may be transmitted jointly in wide beams using single-frequency network transmission format, see Figure 3.

[image: ]
[bookmark: _Ref470016773]Figure 3: Example depicting that the beamforming and transmission format of the SS Block and of the channel containing at least SIB1 may be different.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The solution for NR minimum system information provisioning shall support both spatial repetition (e.g. using narrow-beam sweeping) and temporal repetition (e.g. using wide-beams).
Proposal 2	SS Blocks in the same SS Burst provide identical information in the MIBs.
Proposal 3	SS Blocks in different SS Burst may provide different information in the MIBs.
Proposal 4	The MIB contain information related to the transmission format of a channel providing at least SIB1.
Proposal 5	The MIB conveys the timing information beyond the granularity available from PSS/SSS/TSS (e.g. SFN)

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref473791655][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref473792710]R1-1700294, NR SS burst set periodicity, Ericsson.
	1/4	
image1.png
SS Burst Period

SS Burst 1 SS Burst 2 SS Burst M SS Burst 1

SS Burst Set k
e.g.80ms




image2.png
SS Burst Set

80 ms)

<) 1





image3.png
Per-cell beam-sweeping

—

of SS Blocks

- N
N SN
SN F
! 1 \
! N 1 1
' N 1 1
! ' 1 1
! ! 1 1l
1 K 1 1
t ! ' i
\ ' \
T T T
s, i '
N 1 1
I I
i |
I '
I i
I '
l '
i '
' I

' '

! |

\ I

o

s

\_/

Joint SFN transmission
of SIBs

(('E'))

PCl,




