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1.
Introduction
 In this document, we propose to a simple scheme to signal a set of PCI’s for CSG cells. TP is also provided to reflect this method. 
2.
Discussion
2.1 Considerations on Set of PCI’s for CSG cells

There are several considerations to choose the method of signaling of a set of PCI’s for CSG cells:

· Interference

several physical channel resource allocation and signal positioning is directly tied with PCI. Thus PCI allocation rule can affect interference between cells. See ANNEX.A to see graphical descriptions of current resource mapping rule for physical channels and signal.
· Cell specific Downlink RS

cell-specific RS position is shifted in frequency domain in such a way that the shit is calculated by cell_id mod 6 for normal CP case. Then E.g., Neighboring cells with PCI(N), PCI(N+1) would be more vulnerable to inter-cell interference than neighboring cells with PCI(N), PCI(N+k) for k>1
· PCFICH 

PCFICH to RE mapping also depends on PCI. E.g., Neighboring cells with PCI(N), PCI(N+1) would be vulnerable to inter-cell interference than neighboring cells with PCI(N), PCI(N+k) for k>1
· PHICH


PCFICH to RE mapping also depends on PCI. E.g., Neighboring cells with PCI(N), PCI(N+1) would be vulnerable to inter-cell interference than neighboring cells with PCI(N), PCI(N+k) for k>1
Required property 
From these observations, a required property of PCI allocation scheme would be to have larger minimum PCI difference. That is, set of PCI for CSG {0, 168, 336} would be better than that of {0, 1, 2}, since the first set has minimum PCI difference of 168, while the second set has that of 1. 
· Signaling overhead
How may bits are required to signal the set of PCI’s for CSG cells
· Smaller bits are desirable

· Degree of freedom in PCI allocation
How much can eNB have freedom in allocation of PCI’s?
· Flexibility of allocation freedom. Trade-off with signaling overhead. But we would not expect (e)NB to require high flexibility in allocation for CSG cells. 
2.2 Our proposal

During e-mail discussion [2], we proposed a simple method to signal a set of PCI’s for CSG cells. The basic principle is to use equip-distance PCI’s for CSG cells. Then we only need to signal a PCI difference for adjacent PCI’s. We summarize this method and give some examples. 
· Principle 
· Equip-distance PCI’s are reserved for CSG cells. I.e., PCI’s for CSG cells are evenly distributed from whole PCI range.
· Parameter Definition (for example purpose)
· d: Distance between neighboring PCI’s
· PCIcsg :  set of PCI’s for CSG cells
· | PCIcsg | :  size of set PCIcsg
· Examples
d=1

( PCIcsg = {0, 1, 2, 3, 4, ... , 503} 
( | PCIcsg | = 504

d=2

( PCIcsg = {0, 2, 4, 6, 8, ... , 502} 
( | PCIcsg | = 252
d=3 

( PCIcsg = {0, 3, 6, 9, 12, … , 501} 
( | PCIcsg | = 168
d=4

( PCIcsg = {0, 4, 8, 12, …, 500}

( | PCIcsg | = 126
d=5

( PCIcsg = {0, 5, 10, 15, … , 500 }
( | PCIcsg | = 101

…
d=k

( PCIcsg = {0, …, (k-1)*d, .., }

( | PCIcsg | = floor(T/k)
…
d=252

( PCIcsg = {0, 252}



( | PCIcsg | = 2
· Signaling overhead

From following examples, we see 4-5 bits would be enough
	d
	| PCIcsg |
	d
	| PCIcsg |

	1
	504
	504
	1

	2
	252
	252
	2

	3
	168
	168
	3

	4
	126
	126
	4

	6
	84
	84
	6

	7
	72
	72
	7

	8
	63
	63
	8

	9
	56
	56
	9

	12
	52
	52
	12

	14
	36
	36
	14

	18
	28
	28
	18

	21
	24
	-
	-


· Case 1) d where T/d is integer (equivalently D*N = T, here T=504)

e.g.1). D_div_full={1, 2, 3, 4, 6, 7,8, 9, 12, 14, 18, 21, 28, 36, 52, 57, 63, 72, 84, 126, 168, 252}

· Required bits to signal D_div_full = ceil (Log2| D_div_full | ) bits=5 bits
· Since only 23 code points are required to express D_div_full, the remaining code points can be used to signal other specific allocation, e.g., to signal more PCI’s than 252
e.g.2). D_div_sub = {1, 2, 3, 4, 6, 7,8, 9, 12, 14, 18, 21, 28, 36, 52, spare, } 

(Excluding some elements that would not likely to be used from D1),
· Required bits to signal D_div_sub = ceil (Log2| D_div_sub | ) bits=4 bits
· Case 2) any integer d<=252 can be an element of D
· required bits to signal D <= ceil (Log2| Dmax | ) bits=8 bits 

where Dmax = {d | interger  d<=252} 
2.3 Conclusion
We propose a simple method to signal a set of PCI’s for CSG cells. Following features are observed from our proposal

· Low Interference : evenly distributed PCI’s can maximize the minimum distance between adjacent PCI

· Low Signaling overhead : 4-5 bits would be enough with fine granularity

Text proposal to reflect this method is included in the below. In the propose TP, we take D_div_sub as a set of PCI distance. 
3.
Text Proposal
1st Modification begins

–
SystemInformationBlockType1
SystemInformationBlockType1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information.

Signalling radio bearer: N/A

RLC-SAP: TM

Logical channel: BCCH

Direction: E‑UTRAN to UE

Editor's note
RAN1 has agreed (R2-080475) that DL RX Tx power should be indicated on BCCH mapped to DL-SCH. FFS in which SIB and SI this should be provided

SystemInformationBlockType1 message
-- ASN1START

SystemInformationBlockType1 ::=

SEQUENCE {


cellAccessRelatedInformation

SEQUENCE {



plmn-IdentityList




PLMN-IdentityList,



trackingAreaCode




TrackingAreaCode,



cellIdentity





CellIdentity,



cellBarred






ENUMERATED {barred, notBarred},



intraFrequencyCellReselection

BOOLEAN




OPTIONAL,
-- Cond CellBarred



cellReservationExtension


ENUMERATED {reserved, notReserved},



csg-Indication





BOOLEAN


},


cellSelectionInfo




SEQUENCE {



q-Rxlevmin






INTEGER (-70..-22),



q-Rxlevminoffset




INTEGER (1..8)


OPTIONAL
-- value range FFS

},



















   -- need FFS

pmax







Pmax





OPTIONAL,


-- need OP

pcisReservedForCsgCells



PciReservedForCsgCells,

OPTIONAL, 
-- Cond CsgCell

frequencyBandIndicator



INTEGER (1..64),


schedulingInformation



SchedulingInformation,


tdd-Configuration




TDD-Configuration


OPTIONAL,


si-WindowLength





ENUMERATED {











ms1, ms2, ms5, ms10, ms15, ms20, 












ms40, spare1},

systemInformationValueTag


INTEGER (0..31),


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

PLMN-IdentityList ::=




SEQUENCE (SIZE (1..6)) OF SEQUENCE {


plmn-Identity






PLMN-Identity,


cellReservedForOperatorUse



ENUMERATED {reserved, notReserved}

}

SchedulingInformation  ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SEQUENCE {


si-Periodicity





ENUMERATED {












rf8, rf16, rf32, rf64, rf128, rf256, rf512,












spare1, ...},


sib-MappingInfo





SIB-MappingInfo

}

PcisReservedForCsgCells  ::=


SEQUENCE {


pciDistance







ENUMERATED {












1, 2, 3, 4, 6, 7, 8, 9, 12, 













12, 14, 18, 21, 28, 32, 52, spare},


...
}

SIB-MappingInfo  ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type

-- ASN1STOP

	SystemInformationBlockType1 field descriptions

	cellReservedForOperatorUse

As defined in TS 36.304 [4]

	trackingAreaCode

Common TAC for all the PLMNs listed

	cellBarred

‘Barred’ means barred for all calls, as defined in TS 36.304 [4]

	intraFrequencyCellReselection

FFS if needed

	cellReservationExtension

As defined in TS 36.304 [4]

	csg-Indication

If set to TRUE the UE is only allowed to access the cell if the CSG identity matches an entry in the ‘white list’ that the UE has stored

	q-Rxlevmin

Actual value Qrxlevmin = IE value * 2   

RSRP [dBm]

FFS within cellSelectionInfo

	q-Rxlevminoffset

Actual value Qrxlevminoffset = IE value * 2   [dB]

FFS within cellSelectionInfo

	pmax

Pmax to be used in the cell. If absent the UE applies the maximum power according to the UE capability.


	pcisReservedForCsgCells


	pciDistance
UE considers (k*pciDistance ) to be reserved PCI’s for CSG cells, where k is integer, 0
[image: image1.wmf]£

k<floor(number of total PCI’s /pciDistance)

	frequencyBandIndicator

Defined in [36.101].

	schedulingInformation



	si-Periodicity

Periodicity of the SI-message in radio frames, such that rf8 denotes 8 radio frames, rf16 denotes 16 radio frames, and so on.

	sib-MappingInfo

List of the SIBs mapped to this SystemInformation message.There is no mapping information of SIB2; it is always present in the first SystemInformation message listed in the schedulingInformation list.

	si-WindowLength

Common SI scheduling window for all SIs. Unit in milliseconds, where ms1 denotes 1 millisecond, ms2 denotes 2 milliseconds and so on. 

	systemInformationValueTag

Common for all SIs


	Conditional presence
	Explanation

	CellBarred
	The IE is mandatory present if the IE cellBarred is set to TRUE; otherwise the IE is not needed.

	CsgCell
	The IE is mandatory present if the broadcasting cell is a CSG cell; otherwise the IE is optional.


1st Modification ends

Reference
[1] TS 36.331 V8.3.0
[2] E-mail discussion, [63bis_LTE_B04] Home-(e)NB handling: remaining open issues: - Common offset for range of PCI/PSC for CSG cell
Annex. A

Physical channels/signal to RE mapping rules are described here. More detailed description can be found in TS 36.211.
· Cell-specific shifted RS positions (Cell ID mod 6), Normal CP case
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· PCFICH to RE mapping depending on cell ID
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· Time location of PHICH (Cell ID basis)
[image: image4.emf]Frequency location of PHICH (Cell ID basis)
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· Frequency location of PHICH (Cell ID basis)
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