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Discussion and decision
1. Introduction
In the last RAN2 meeting, it was agreed that dedicated signaling can be used to provide system information of SCC’s. [1] This contribution evaluates the signaling overhead of the dedicated signaling (i.e., required time to deliver new SI to all the CA UEs by unicast messages) quantitatively.

2. Discussion
2.1 Number of SI bits that needs to be signaled
Not all the SI IEs are needed for the connected UE. I.e., the information carried in SIB3~SIB9 is not needed for the connected UE. Also some fields of MIB, SIB1 and SIB2 are not relevant. (See the detailed analysis in the Annex.) The following table summarizes number of SI bits that can be updated, and needs to be signaled to the connected UE.
	
	Message size (bit)
	Note

	MIB
	6
	　

	SIB1
	13
	

	SIB2
	170 or 191
	1 MBSFN subframe configurations

	Total
	189 or 210
	


Table 1 Number of SI bits that needs to be signaled
2.2 Average time required to signal SI update
Assuming average spectral efficiency of 2.2bps/Hz/cell (RAN1 Feasibility study for Further Advancements for E-UTRA [2]), the average cell throughput is high enough as 11Mbps in 5MHz bandwidth. The eNB can schedule upto 42 SI transmissions in the bandwidth (assuming 256 bit transport block size). It can be seen that the high throughput is not bottleneck that limits the number of SI transmissions. Instead, the number of maximum PDCCHs is the limiting factor that constrains the number of SI transmissions per sub-frame. The Num maximum PDCCHs column in the following table shows maximum number of UEs that can be scheduled in one sub-frame assuming 4 Tx antenna configuration.
	System BW (MHz)
	Average throughput (Mbps)
	Average number of tx bits per sub-frame
	Maximum Num of PDCCHs
	50% of Maximum Num of PDCCHs
	Required time to schedule 500 SI transmissions (1 HARQ tx)
	Required time to schedule 500 SI transmissions (3 HARQ retx)

	5
	11
	11000
	18
	9
	55.56 ms
	166.67 ms

	10
	22
	22000
	37
	18
	27.02 ms
	81.08 ms

	20
	44
	44000
	76
	38
	13.16 ms
	39.47 ms


Table 2 Average time required to signal SI update
The eNB can schedule upto 18 UEs in a sub-frame in 5MHz bandwidth, 37 UEs in 10MHz bandwidth, and 76 UEs in 20MHz bandwidth. (See the Annex for the detail.) If we assume half of PDCCH resources are used to schedule SI delivery, the time required to transmit SI to 500 CA UEs in 5MHz bandwidth is 166.67 ms as shown in the Table 2 assuming 3 HARQ retransmissions. Typically, the number of carrier aggregation UEs connected in a cell will not be high as 500. If we consider more reasonalble number for CA UEs, the required time to deliver SI in unicast messages will be much less. (E.g., only 33.3ms is required for 100 CA UEs.) Therefore, we can conclude that additional optimization may not be necessary.
Proposal: Additional optimization in addition to the dedicated signaling is not needed.

2.3 Required time to signal SI update to cell edge UEs
Assuming cell edge spectral efficiency of 0.6bps/Hz/cell, throughput itself is bottleneck that limits the number of SI transmissions in the cell edge. The last column of the following table shows required time to transmit SI to 500 cell edge UEs. The configuration of this section is even more extreme than section 2.2. The calculations for the cell edge UEs are shown here only for comparision with the result in section 2.2.
	System BW (MHz)
	Cell edge throughput (Mbps)
	Average number of tx bits per sub-frame
	Num average SI transmission per sub-frame (assuming 256 bit transport block size)
	Required time to schedule 500 SI transmissions

	5
	0.3
	300
	1.17
	427.35 ms

	10
	0.6
	600
	2.34
	213.68 ms

	20
	1.2
	1200
	4.69
	106.61 ms


Table 3 Required time to signal SI update to cell edge UEs
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Annex.
<The estimated overhead of system information>
Table below summarizes the overhead due to the system information in a typical case.
Note : only the size of IEs are considred (i.e. presence bits are not counted). thus the actual size could be a bit higher than the values listed in the table.
	Message/IE
	note
	size in bit
	Relevant for SCC?

	MasterInformationBlock

	dl-Bandwidth
	
	
	3
	Y

	phich-Config
	
	
	3
	Y

	systemFrameNumber
	
	PCC’s SFN can be used
	8
	N

	spare
	
	
	10
	N

	total
	
	
	6
	

	

	SystemInformationBlockType1

	cellAccessRelatedInfo
	plmn-IdentityList
	Not needed as the UE is already connected
	19
	N

	
	trackingAreaCode
	
	16
	N

	
	cellIdentity
	
	1
	N

	
	cellBarred
	
	1
	N

	
	intraFreqReselection
	
	1
	N

	
	csg-Indication
	
	1
	N

	
	csg-Identity
	
	0
	N

	cellSelectionInfo
	q-RxLevMin
	
	6
	N

	
	q-RxLevMinOffset
	
	3
	N

	p-Max
	
	
	6
	Y

	freqBandIndicator
	
	eNB already knows UE capability when adding SCCs
	6
	N

	schedulingInfoList
	
	Not needed if dedicated signaling is used (i.e., UE do not read bcch)
	27
	N

	si-WindowLength
	
	
	3
	N

	tdd-Config
	
	
	7
	Y

	systemInfoValueTag
	
	UE do not read bcch
	5
	N

	Total
	
	
	13
	

	

	SystemInformationBlockType2

	ac-BarringInfo
	
	Not needed for the connected UE
	25
	N

	radioResourceConfigCommon
	rach-ConfigCommon
	
	32
	Y

	
	bcch-Config 
	UE do not read bcch and ETWS is assumed to be provided in PCC
	4
	N

	
	pcch-Config 
	
	5
	N

	
	prach-Config
	
	28
	Y

	
	pdsch-ConfigCommon
	
	9
	Y

	
	pusch-ConfigCommon
	
	21
	Y

	
	pucch-ConfigCommon
	Pucch is sent on UL PCC
	23
	N

	
	soundingRS-UL-ConfigCommon
	
	8
	Y

	
	uplinkPowerControlCommon
	
	32
	Y

	
	ul-CyclicPrefixLength
	
	1
	Y

	ue-TimersAndConstants
	　
	Whether relevant for SCC may depend on the discussion regarding RLF and re-establishment
	21
	N?

	freqInfo
	ul-CarrierFreq
	
	16
	Y

	
	ul-Bandwidth
	
	3
	Y

	additionalSpectrumEmission
	
	
	5
	Y

	mbsfn-SubframeConfigList
	radioframeAllocationPeriod
	one mbsfn-subframe configuration is assumed
	3
	Y

	
	radioframeAllocationOffset
	
	3
	Y

	
	subframeAllocation
	
	6
	Y

	timeAlignmentTimerCommon
	
	
	3
	Y

	total
	
	
	170 or 191
	


<Number of Maximum PDCCHs per sub-frame>
Table below lists the number of maximum PDCCHs per sub-frame assuming 4 Tx antenna configuration.
· Number of REGs per RB is 7 for 4 Tx antenna.
· Number of REGs required for PCFICH is 4. 
· For system BW xRBs, Number of REGs required for PHICH is 3 * (ceiling(1/6 * x/8)).

· Number of REGs required for 1 PDCCH is 9
	System BW (MHz)
	Num RBs
	Num maximum PDCCHs

	1.4
	6
	5

	3
	15
	10

	5
	25
	18

	10
	50
	37

	20
	100
	76

















