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1 Introduction
In RAN2 previous meeting, the mechanism for system information delivery was extensively discussed and some agreements were concluded. One of agreements in RAN #95 meeting is that “Minimum SI needs to be broadcasted periodically.” However a LS in R1-1613692 from RAN1 raised following questions which shows different understanding on minimum SI delivery mechanism between RAN1 and RAN2. This contribution will discuss the minimum SI delivery mechanism based on those questions. 
	RAN1 respectfully asks RAN2 to clarify
· the contents and RAN2 preferred size of minimum system information 
· whether it can be delivered by on demand. 


2 Discussion
2.1 The agreements on minimum SI delivery in RAN1
Followings are RAN1 agreements on minimum system information transmission in RAN1#87. 
	· Consider followings for minimum system information transmission:

· NR-PBCH is a non-scheduled broadcast channel carrying minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range

· Alt. 1: NR-PBCH carries a part of minimum system information

· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH

· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH

· Alt. 2: NR-PBCH carries all of minimum system information

· Study further NR-PBCH design examples with the following clarification of the agreements 

· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information

· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1
· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 

· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)

· Information necessary to receive remaining minimum system information is provided after initial UL transmission
· Other examples are not precluded
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 

· Alt. 1:  NR defines the additional channel as secondary broadcast channel

· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.

· FFS on transmission: beam-specific, cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH

· FFS on transmission: UE-specific, UE group-specific, beam-specific, cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI



2.2 Content and structure of Minimum SI

According to the agreements up to now following content is identified to be included in Minimum SI:

· The information to support cell selection, for acquiring other SI, for accessing the cell;

· The scheduling information for broadcasted SIs which includes the broadcasted Other SI. In more detail, the information includes the configurations of the transmission window, periodicity and duration for the broadcasting Other SI, and which SIBs in Other SI are available and the value tag for each SIBs in Other SI.
· Some indicator, such as whether a Other SI SIB is broadcasting and its value tag; 
The information to support cell selection, for acquiring other SI, for accessing the cell and the scheduling information for broadcasted SIs is the equivalent to the MIB/SIB1/SIB2/SIB14 in LTE. According to the table in annex, the fact is:

· The minimum size of MIB, SIB1, SIB2 and SIB14 in LTE is 14, 117, 179 and 12 bits respectively and the total minimum size is 322 bits. And 123 bits of them is related to the physical channel configuration and depends on the physical channel design, 199 bits of information is pure L2/3 parameters and at least 187 bits of them would be still validated in NR.
· The size of the minimum SI may range from 322 to more than 500 bits and is variable since some IEs are optional and some IEs are list-like and configurable. 
According to the agreements on NR-PBCH in RAN1, the payload size of NR-PBCH is fixed and potentially limited about 50 bits in R1-1612028. Therefore NR-PBCH is obviously not applicable to carry all the minimum SI  and Alt 2 seems not appropriate. For Alt 1, minimum SI would be divided into two parts, a fixed size MIB including the most essential system information to be carried on NR-PBCH, and the remaining variable size minimum SI to be carried on another physical channel.
Observation 1: both of the minimum and the maximum size of minimum SI are much larger than the capacity of NR-PBCH.
Proposal 1: minimum SI would be divided into two parts, a fixed size MIB including the most essential system information to be carried on NR-PBCH and the remaining variable size minimum SI to be carried on another physical channel.
2.3 Periodical broadcast VS on-demand transmission for Minimum SI

Here we assume that minimum SI would be constructed into two parts, i.e. MIB and remaining minimum SI. MIB is comprised of the most essential system information and would be broadcasted periodically on NR-PBCH. For the remaining minimum SI delivery mechanism, current RAN2’s assumption is periodical broadcast. However RAN1 raised on-demand transmission and ask RAN2 whether it is feasible. 

The typical procedure for those two solutions is illustrated in figure 1a/1b. According to the agreement on the mechanism of system information delivery, compared with the periodical broadcast, on-demand transmission for minimum SI has following special characteristics:
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· An additional UL signaling for UE to request the remaining minimum SI would be introduced and consequently some additional resources and UE power consumption would be needed.
· Some information necessary for the UE to perform initial UL transmission (MSG1) and possibly information necessary to receive the response to initial UL transmission (MSG2)needs to be configured and broadcasted in MIB and therefore the size of MIB would become larger.
· As a consequence, considering the limited payload size of NR-PBCH, the configurations for RACH resource should be divided into two parts, one part is for the remaining minimum SI request and carried on NR-PBCH, the rest part is for all the other random access purpose and would be carried on the remaining minimum SI.
· The remaining minimum SI would be requested and transmitted as a whole and only one special RACH resource would be reserved for it. Multiple UE can request the remaining minimum SI simultaneously by the reserved RACH resource without contention risk.
· The remaining minimum SI could be delivered by the response (MSG2) to request or broadcast in a predefined window for a predefined duration. The periodicity of the window would be predefined the same one as that in the periodical broadcast solution, e.g. 80ms. So the latency to get the remaining SI for UE is smaller or the same as that in the periodical broadcast solution.
· Different with the SI-window for other SI broadcast, the predefined window would be concrete in time domain and could be a predefined slot or subframe.
· In high frequency scenario where beam forming technology would be necessary to guarantee the coverage and broadcast is usually based on beam sweeping, the remaining minimum SI could be only broadcasted or multi-casted to the downlink beam according to the uplink beam where requests are received from UEs as illustrated in figure 2. Therefore on-demand transmission could avoid useless transmission and thus power and resource wasted could be avoided.
 
[image: image2.emf]SB#1 SB#2 SB#N

Sweeping Block

SB#n

t

Sweeping Burst

SB#N SB#1 SB#1 SB#2 SB#N

Sweeping Block

SB#n

t

Sweeping Burst

SB#N SB#1

UE1

UE2

UE3

UE4


Figure 2a                                                                                    Figure 2b
Based on the analysis above, we can conclude that on-demand transmission for remaining minimum SI is feasible and the comparison between periodical broadcast and on-demand transmission can be summarized in following table 1.
Observation 2: on-demand transmission for remaining minimum SI is feasible, and for the on-demand broadcast alternative, the predefined window would be concrete in time domain and could be a predefined slot or subframe.
Table 1
	solution
	latency
	UL request resource reservation
	UE power consumption
	Network power consumption
	Radio resource consumption
	Useless broadcast
	Requirement on payload size of NR-PBCH

	Periodical broadcast
	larger or same
	Not needed
	smaller
	larger
	larger
	yes
	smaller

	On-demand transmission
	Smaller or same
	Only one is needed
	larger
	smaller
	smaller
	no
	larger


As shown in table 1, on-demand transmission for remaining minimum SI has some advantages over the periodical broadcast solution in some aspects, especially in the aspects of network power and radio resources consumption.. However, we can also observe that those advantages can only be obtained in the case of small number of UEs or uneven geographical distribution of UEs in one cell, so that more useless transmission can be reduced on some beam where no UE located and more network power and radio resource consumption could be save. Otherwise, in case of large number of UEs or even geographical distribution of UEs in one cell, less useless transmission can be reduced and less network power and radio resource consumption could be save, and additional overhead could be introduced in NR-PBCH in this case.
 Therefore one potential solution is that both of periodical broadcast and on-demand transmission are supported and configurable for different scenario. The configuration information could be carried on the NR-PBCH.
Proposal 2: both of periodical broadcast and on-demand transmission for the remaining minimum SI should be supported and configured through the NR-PBCH.
Proposal 3: include above observations into the response LS to RAN1.
3 Conclusion

Based on the above deep and extensive analysis, we have the following observations and proposals:
Observation 1: both of the minimum and the maximum size of minimum SI are much larger than the capacity of NR-PBCH.
Proposal 1: minimum SI would be divided into two parts, a fixed size MIB including the most essential system information to be carried on NR-PBCH and the remaining variable size minimum SI to be carried on another physical channel.
Observation 2: on-demand transmission for remaining minimum SI is feasible, and for the on-demand broadcast alternative, the predefined window would be concrete in time domain and could be a predefined slot or subframe.
Proposal 2: both of periodical broadcast and on-demand transmission for the remaining minimum SI should be supported and configured through the NR-PBCH.
Proposal 3: include above observations into the response LS to RAN1.
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5 Annex

MIB: the minimum size is 14 bits (highlighted with green)
	IE
	Sub-IE
	Need
	Type
	Size（bit）
	The minimum size

	dl-Bandwidth
	
	
	
	3
	3

	phich-Config
	
	
	
	
	

	
	phich-Duration
	
	
	1
	1

	
	phich-Resource
	
	
	2
	2

	systemFrameNumber
	
	
	
	8
	8

	Spare
	
	
	
	10
	10


SIB1: the minimum size is 117 bits (highlighted with green)
	IE
	Sub-IE
	Need
	Type
	Size（bit）
	The minimum size

	cellAccessRelatedInfo
	
	
	
	
	

	
	plmn-IdentityList
	MCC OP
	
	12 or 24

6*12 or 24
	12

	
	trackingAreaCode
	
	
	16
	16

	
	cellIdentity
	
	
	28
	28

	
	cellBarred
	
	
	1
	1

	
	intraFreqReselection
	
	
	1
	1

	
	csg-Indication
	
	
	1
	1

	
	csg-Identity
	OP
	
	
	

	cellSelectionInfo
	
	
	
	
	

	
	q-RxLevMin
	
	INTEGER (-70..-22)
	6
	6

	
	q-RxLevMinOffset
	OP
	INTEGER (1..8)
	3
	

	p-Max
	
	OP
	INTEGER (-30..33)
	6
	

	freqBandIndicator
	
	
	64
	6 
	6

	schedulingInfoList
	
	
	Max SI=32


	
	

	
	si-Periodicity
	
	
	3
	3

	
	sib-MappingInfo
	
	
	N*5
	35

(SIB2~8,14)

	tdd-Config
	
	OP
	
	7
	

	si-WindowLength
	
	
	ENUMERATED {ms1, ms2, ms5, ms10, ms15, ms20, ms40}
	3
	3

	systemInfoValueTag
	
	
	INTEGER (0..31)
	5
	5


SIB2: the minimum size is 179 bits (highlighted with green)
	IE
	Sub-IE
	Need
	Type
	Size（bit）
	The minimum size

	ac-BarringInfo
	
	OP
	
	
	

	
	ac-BarringForEmergency
	
	
	1
	

	
	ac-BarringForMO-Signalling
	OP
	
	4
	

	
	ac-BarringForMO-Data
	OP
	
	4
	

	radioResourceConfigCommon
	
	
	
	
	

	
	rach-ConfigCommon
	
	
	22
	22

	
	bcch-Config
	
	
	2
	2

	
	pcch-Config
	
	
	6
	6

	
	prach-Config
	
	
	28
	28

	
	pdsch-ConfigCommon
	
	
	9
	9

	
	pusch-ConfigCommon
	
	
	21
	21

	
	pucch-ConfigCommon
	
	
	23
	23

	
	soundingRS-UL-ConfigCommon
	
	
	9
	9

	
	uplinkPowerControlCommon
	
	
	32
	32

	
	ul-CyclicPrefixLength
	
	
	1
	1

	ue-TimersAndConstants
	
	
	
	
	

	
	T300
	
	
	3
	3

	
	T301
	
	
	3
	3

	
	T310
	
	
	3
	3

	
	N310
	
	
	3
	3

	
	T311
	
	
	3
	3

	
	N311
	
	
	3
	3

	freqInfo
	
	
	
	
	

	
	ul-CarrierFreq
	OP
	
	16
	

	
	ul-Bandwidth
	OP
	
	3
	

	
	additionalSpectrumEmission
	
	
	5
	5

	mbsfn-SubframeConfigList
	
	OP
	
	36

8*36
	

	timeAlignmentTimerCommon
	
	
	
	3
	3


SIB14: the minimum size is 12 bits (highlighted with green)
	IE
	Sub-IE
	Need
	Type
	Size（bit）
	The minimum size

	eab-Common-r11
	choice
	
	
	12
	12

	eab-PerPLMN-List-r11
	
	
	
	N*12
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