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[bookmark: _Ref460855997]Introduction
Broadcast overhead reduction has been one of the key aspects studied in the NR system information topic. Two main and complementary approaches have been discussed: allowing part of the system information to be acquired by UEs on-demand rather than being permanently broadcasted, and the use of an index on a set of stored configurations rather than delivering the full IE set. The former approach reduces the periodic broadcast to the “minimum system information” required for camping and initial access. In this contribution we analyze the contents of the minimum system information and suggest making use of the index/table technique for broadcasting it.    
Discussion
Essential SI in LTE
The content of LTE MIB, SIB1 and SIB2 as well as the system information required for camping and initial access is provided in the Annex. This essential system information is broadcasted periodically in LTE. When, for some essential IEs (e.g. plmn-IdentityList, cellSelectionInfo, ue-TimersAndConstant), there are only few configurations being used most of the time in real networks, it costs a large overhead to broadcast the whole IEs periodically. As shown in the Annex, such kind of IEs occupies more than 60% overhead of the total SI needed for camping and initial access (based on LTE SIBs). 
Observation: In LTE, the periodic broadcast of some essential IEs in system information can cost more than 60% unnecessary overhead, although these IEs are practically used with few configurations most of the time in real networks.
Therefore, in NR, it is proposed to study the enhancement for the minimum SI to reduce the broadcast overhead. 
Proposal 1: In NR, the broadcast of the minimum SI needs to be enhanced, to reduce the overhead caused by the explicit broadcast of some essential IEs.
Minimum SI in NR
In previous RAN2 meetings, some contributions [1]-[5] suggested to use indexed SI/stored SI mechanism to improve the broadcast of system information. This mechanism can be used for minimum SI as e.g. suggested in [6]. However, considering the specifics of minimum SI, only part of it can use the indexed SI mechanism e.g. SFN needs to be explicit, and some part of minimum SI shall be provisioned to allow UE acquiring a table of minimum SI configurations in first place. Such table can be provided via periodic broadcast [6] or via on-demand. It is expected that such table is valid over a large area so that the UE needs to acquire it very infrequently.
Therefore, the minimum SI could be split into two parts:
Minimum SI configurations Table SI: if periodically broadcasted, this is the table itself, or if available on-demand, this is all (explicit) parameter values necessary for UE to acquire the minimum SI table of configurations, referred to as “Table acquisition SI”. As mentioned above and further discussed in Section 2.3, since this SI is mostly needed at power-up, the latency for acquiring it is not critical and it can be broadcasted with a large period.
Remaining part of minimum SI: index to the minimum SI table + other explicit values (which cannot be coded as an index)
The following table gives the content and the grouping of IEs in minimum SI. A SI is categorized as indexed if only a subset of the total configurations coded in the explicit IE are expected to be used in practice over a given area. The classification is assumed conservative to leave a large flexibility in configuring cells and further indexing could be used (e.g. for RACH, SRS, etc).
Table 1 Content of minimum SI
	SI group
	SI
	Indexed / explicit 

	L1 parameters for camping

	SFN
	Explicit 

	
	DL bandwidth 
	Indexed 

	
	Antenna configuration 
	Indexed 

	
	Duplex mode (FDD/TDD) 
	Explicit

	
	TDD cfg 
	Explicit

	
	Numerology 
	Indexed 

	Other parameters for camping
	PLMN list 
	Indexed

	
	TAC 
	Explicit 

	
	Cell ID 
	Explicit 

	
	Barring 
	Indexed 

	
	Cell selection parameters 
	Indexed

	
	Paging parameters 
	Indexed 

	TRP/beam related parameters [7]

	Beam-specific RS exists
	Explicit

	
	Beam-specific RS subbands 
	Indexed 

	
	Sequence ranges 
	Indexed 

	
	PDCCH configurations 
	Indexed

	RACH parameters
	Details FFS
	Explicit

	Uplink L1 parameters 

	Frequency 
	Explicit 

	
	Bandwidth 
	Explicit 

	
	Numerology 
	Indexed 

	
	PUSCH 
	Indexed 

	
	PUCCH 
	Indexed 

	
	SRS 
	Explicit

	
	Power control 
	Indexed 

	Parameters needed to acquire a minimum SI configuration table via on-demand or broadcast
	On-demand parameters
	Explicit 

	
	Broadcast parameters
	Explicit 

	Parameters related to presence/request/delivery of other SI 
	Other SI availability bitmap 
	Explicit 

	
	Configuration for requesting other SI (eg. preambles)
	Explicit 

	
	Scheduling information for broadcasted SIs 
	Indexed 

	Value tag 
	Per SI
	Explicit 

	UE-TimersAndConstants, TA timer 
	T300, T301, N311, TA timer, etc.
	Indexed



From the above table 1, it can be seen that most of the parameters in the minimum SI can use an index-based delivery mechanism. Therefore, it is proposed:
Proposal 2: Use indexed SI mechanism for part of the minimum SI.
Proposal 2a: The details of which parameters in minimum SI should use indexed SI mechanism are left to stage 3.
Proposal 3: The table of minimum SI configurations can be broadcasted periodically or delivered on-demand.
[bookmark: _Ref471207193]Delivery of minimum SI
Next, how to deliver the minimum SI needs some further study. An example is shown in figure 1. 
[image: ]
Figure 1 how to deliver the minimum SI
NR-PBCH carries cell-common SI [7], and it is split into subsets with different periods. The most frequent NR-PBCH subsets should also be the lightest and carry the minimum SI indexes as well as explicit values of parameters that cannot be coded as an index (e.g. SFN). Infrequent NR-PBCH subsets should contain the largest payloads, e.g. minimum SI Table (in case of periodic broadcast) or Table acquisition SI. The Table acquisition SI repeats in explicit values some of the parameters coded in the NR-PBCH1 indexes (e.g. DL BW, antenna cfg, …). However, the final decision of how to design the PBCH depends on RAN1. 
Proposal 4: Two subsets of cell-common physical channel are used to deliver the minimum SI, one subset for the indexes and explicit values, and the other one for the minimum SI Table or Table acquisition SI. The details are left to RAN1.
Conclusion
This contribution discusses content and delivery of minimum SI. Associated observation and proposals are:
Observation: In LTE, the periodically broadcast of some essential IEs in system information can cost more than 60% unnecessary overhead, when these IEs have only several kinds of configurations in the real network.
Proposal 1: In NR, the broadcast of the minimum SI needs to be enhanced, to reduce the overhead caused by the explicit broadcast of some essential IEs.
Proposal 2: Use indexed SI mechanism for part of the minimum SI.
Proposal 2a: The details of which parameters in minimum SI should use indexed SI mechanism are left to stage 3.
Proposal 3: The table of minimum SI configurations can be broadcasted periodically or delivered on-demand.
Proposal 4: Two subsets of cell-common physical channel are used to deliver the minimum SI, one subset for the indexes and explicit values, and the other one for the minimum SI Table or Table acquisition SI. The details are left to RAN1.
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Annex
Table 2 Content and classification of MIB/SIB1/SIB2
	[bookmark: OLE_LINK220]Information Element
	Maximum Length (bits)
	Required for Camping and Initial access (minimum SI)
	Only few configurations in real networks

	MIB

	dl-Bandwidth
	3
	3
	Y

	phich-Config
	3
	3
	Y

	>phich-Duration
	1
	
	

	>phich-Resource
	2
	
	

	systemFrameNumber
	8
	8
	

	Sum
	14
	14
	6

	SIB1

	cellAccessRelatedInfo
	224
	224
	

	>plmn-IdentityList
	6*25=180
	
	Y

	>trackingAreaCode
	16
	
	

	>cellIdentity
	28
	
	

	>cellBarred
	1
	
	

	>intraFreqReselection
	1
	
	

	>csg-Indication
	1
	
	

	>csg-Identity
	27
	
	

	cellSelectionInfo
	9
	9
	Y

	>q-RxLevMin
	6
	
	

	>q-RxLevMinOffset
	3
	
	

	p-Max
	6
	6
	Y

	freqBandIndicator
	5
	5
	

	[bookmark: OLE_LINK210][bookmark: OLE_LINK211]schedulingInfoList
	416
	
	

	tdd-Config
	7
	7
	

	si-WindowLength
	3
	
	

	systemInfoValueTag
	5
	
	

	Sum
	672
	251
	195

	SIB2

	[bookmark: OLE_LINK517][bookmark: OLE_LINK518][bookmark: OLE_LINK519]ac-BarringInfo
	25
	25
	

	>ac-BarringForEmergency
	1
	
	

	>ac-BarringForMO-Signalling
	12
	
	

	>ac-BarringForMO-Data
	12
	
	

	radioResourceConfigCommon
	149
	
	

	>rach-ConfigCommon
	37
	37
	

	>bcch-Config
	2
	
	

	>pcch-Config
	5
	
	

	>prach-Config
	13
	13
	

	>pdsch-ConfigCommon
	9
	9
	Y

	>pusch-ConfigCommon
	21
	21
	Y

	>pucch-ConfigCommon
	23
	
	

	>soundingRS-UL-ConfigCommon
	10
	
	

	[bookmark: OLE_LINK468][bookmark: OLE_LINK469]>uplinkPowerControlCommon
	28
	
	

	>ul-CyclicPrefixLength
	1
	1
	

	ue-TimersAndConstant	
	18
	
	

	>t300
	3
	3
	Y

	>t301
	3
	
	

	>t310
	3
	
	

	>n310
	3
	
	

	>t311
	3
	
	

	>n311
	3
	
	

	freqInfo
	24
	24
	

	>ul-CarrierFreq
	16
	
	

	>ul-Bandwidth
	3
	
	Y

	[bookmark: OLE_LINK466][bookmark: OLE_LINK467][bookmark: OLE_LINK199][bookmark: OLE_LINK198]>additionalSpectrumEmission
	5
	
	Y

	[bookmark: OLE_LINK472][bookmark: OLE_LINK473]mbsfn-SubframeConfigList
	8*36
	
	

	timeAlignmentTimerCommon
	3
	3
	Y

	Sum
	507
	113
	44



The IEs in the right-most column are those IEs required for camping and initial access and that are typically reduced to a few sets of configurations in real network deployments, so are typical candidate for being delivered as an index on a set of configurations. When broadcasted explicitly as in LTE, they are shown to occupy more than 60% overhead of the camping and initial access SI [(6+195+44)/(14+251+113)=64%].


1
R2-1700211
image1.png
- Ty >
-~ T
W R | W R W] W W] W | W
PaCH1 | PRCH2 | PRCH PRCH! pacH1 | peciz PBCH | PaCH2 | PaCHD
Indexes & Table or Table

explicit values acquisition SI




