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Handling Neighbour Cell Lists for E-UTRAN 
1. Introduction

This discussion paper analyses how Neighbour Cell Lists (NCLs) could be handled in GERAN for terminals capable of supporting multiple RATs.  The focus is on the addition of E-UTRAN interworking with GERAN but consideration is also given to the potential introduction of further RATs.  
In GERAN#36, it was agreed that interworking with E-UTRAN should be based on detailed NCLs rather than simply on E-UTRAN centre frequencies.  
2. Assumptions
The NCL for an existing multi-RAT MS is the concatenation of the GSM Neighbour Cell list and the 3G Neighbour Cell list as described in TS 44.060 and TS 44.018.  
The following assumptions are made with respect to finding a solution to distributing neighbour cell information:

· The neighbour cell list for a particular MS will be the concatenation of all the NCLs for all supported RATs in a given cell.  
· A multi-RAT mobile may not support all possible RATs.  

· The same principles as established for the introduction of the 3G RAT should be applied.  
· As described in [1.], the SI2quater and PSI3quater (along with existing dedicated messages) should be used to broadcast neighbour cell descriptions to the MS.  

· The impact on existing procedures and messages should be minimised where possible.  

· As proposed in [2.], there should be the possibility to support at least 64 E-UTRAN neighbour cells with either mode (TDD or FDD).  
3. Problem Description

With the addition of further RATs, notably E-UTRAN, a problem occurs due to the fragmentation of mobiles into different multi-RAT classes.  For instance some mobiles will support GERAN only, some will support GERAN and UTRAN, others will support GERAN and E-UTRAN and some will support all three RATs.  
This is illustrated in Figure 1 where it is assumed that three RATs (GERAN, UTRAN and E-UTRAN) co-exist in a particular cell.  System Information for all supported RATs must be broadcast containing the Neighbour Cell information.  However, only a subset of this information is needed for multi-RAT mobiles that do not support all RATs.  
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Figure 1 – Fragmentation of System Information due to Multi-RAT MSs

It should be noted that multi-RAT mobiles that do not require NCLs for certain RATs will still use the indexing method as currently specified (relative to the concatenated list of NCLs) when carrying out measurement reporting.  Thus E-UTRAN neighbour cells will have the same index (starting from the E-UTRAN start index - or position in the bitmap) regardless of which MS is reporting the measurements.  
The PACKET ENHANCED MEASUREMENT REPORT message contains of a bitmap whose length is determined by the total number of neighbour cells in the concatenated NCL.  The size of this structure, and therefore the size of the PACKET ENHANCED MEASUREMENT REPORT message grows with the total number of neighbour cells.  Whether we need to optimise this message is for further study.  
As further RATs are added, the number of different types of multi-RAT mobile will increase and the problem of fragmentation will become worse.  As all Neighbour Cell information needs to be broadcast for all supported RATs within a cell, the amount of Neighbour Cell information will need to be increased in order that each inter-RAT mobile can receive sufficient information to provide enough choice of neighbour cells.  
4. Solutions to Handling Multiple RATs

4.1. Support of Multiple RATs

As there will be scenarios where all possible RATs will be supported in a given cell, the capability to broadcast all Neighbour Cell information for all supported RATs must be provided.  Each MS need only store information on cells for RATs that they support.  
The operator should be able to select which RATs are supported in each cell but GERAN should specify overall limits on the number of neighbour cells that are broadcast and the maximum number that are allowed for each RAT.  

4.2. Size of Neighbour Cell List

For reasons of backwards compatibility the GERAN and 3G neighbours should have indices in the NCL of 0-95.  Thus if the NCL is extended, indices of >95 shall be allocated to RATs other than 3G and GERAN.  

Due to the 7-bit addressing used in the existing (P)SI messages (and measurement reports) it is desirable to limit the total number of neighbour cells in the combined NCL to 128.  In any case 128 neighbour cells will consume significant bandwidth on (P)BCCH.  

We analyse the impact of an increased maximum size of NCL on the PSI and SI messages relevant to NCLs in Appendix A.  E-UTRAN cells are assumed to require 10 bits of identification (9-bit Physical layer Cell ID plus one bit diversity) and E-UTRAN ARFCNs are assumed to require 14 bits which is the same as 3G FDD/TDD ARFCN. 

This analysis shows that in order to provide a NCL of 128 entries for either 3G or E-UTRAN neighbour cells the following number of instances for (P)SI messages are required:

· 9 instances of PSI3quater

· 10 instances of SI2quater

As both PSI3quater and SI2quater allow up to 16 instances to be broadcast, provided that sufficient capacity is made available on the (P)BCCH, it would be possible to provide a total of 128 neighbour cells in (P)SI messages.  

4.3. Contents of NCLs for different RATs
There are two options regarding how to specify the E-UTRAN NCL:

1. Provide a separate logical list to the 3G NCL with up to 64 entries (as per 3G NCL).  

2. Share the current 3G NCL so that in total up to 96 3G/E-UTRAN cells can be specified
Both options will have roughly the same impact on (P)SI message structures as a new release-8 extension will be required in either case.  Option 1 seems to be better in terms of flexibility as some cells may require say 64 UTRAN neighbour cells and >32 E-UTRAN neighbour cells. 
Thus limiting the total number of neighbour cells to 128, and the E-UTRAN NCL to a maximum of 64 cells would seem to provide the most flexibility.  
In practice, the existing 3G NCL could be extended with a separate Release-8 extension where E-UTRAN cells can be specified.  Either extension of the existing 3G NCL or creation of a separate E-UTRAN list can be specified in stage-3 as long as the above requirements are met.  
5. Conclusions
This paper has addressed the issue of how to handle Neighbour Cell Lists for Cell Re-selection purposes from GERAN to E-UTRAN.  
The following proposals are made for discussion and decision in GERAN:

· The maximum size of neighbour cell list (considering all RATs) shall be increased to 128 entries for Release-8 MSs that support E-UTRAN – This will maintain the 7 bit addressing in measurement reports and backwards compatibility with existing (P)SI message structures. 

· Provide a separate NCL for E-UTRAN cells with a maximum of 64 entries. 

· Allow NCLs for all possible RATs supported by GERAN to be specified in neighbour cell information.  It is an operator choice as to which ones are broadcast in any given cell.  
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Appendix A (P)SI Message Size Calculations
A.1 Packet System Information

The neighbour cell list should be broadcast in several instances of PSI3quater on PBCCH or PACCH.  There is currently a maximum of 16 instances of PSI3quater allowed in 44.060.  Each instance must fit into a single RLC/MAC control block.  

We consider the size of the PSI3quater information needed to describe 128 3G neighbour cells and then work out how many instances of PSI3quater are needed to describe these.  This calculation is then extended to cover E-UTRAN neighbours given some assumptions on how E-UTRAN neighbour cells are described.  

The following assumptions are made in order to calculate the complete information size: 

· There are 128 neighbour cells for 3G.  

· Of these 64 are TDD and 64 are FDD.  

· 4 separate frequencies for each of TDD and FDD (can only have 16 cells against one frequency description in the existing message structures)

The following table shows the calculated sizes of each of the fields in the PSI3quater message.  

	Field name
	Size (bits)

	PAGE_MODE
	2 bits

	PSI3_CHANGE_MARK
	2 bits

	PSI3_QUATER_INDEX
	4 bits

	PSI3_QUATER_COUNT
	4 bits

	0 | 1
< GPRS REP_PRIORITY Description >
	8 + (128)

	0 | 1
< 3G Neighbour Cells Description >
	1158 bits (Note 2)

	0 | 1
< 3G MEASUREMENT Parameters Description >
	19 bits (max size)

	0 | 1
< 3G Initial Dedicated Mode Reporting Description >
	22 bits (max size)

	0 | 1
< GPRS 3G Additional Measurement Parameters Description >
	7 bits

	0 | 1
< GPRS 3G Additional Measurement Parameters Description 2 >
	7 bits

	0 | 1 < 3G_CCN_ACTIVE >
	2 bits

	Total
	1359 bits


Table 1 – PSI3quater Information Size
Note 2 – The calculation for this field in bits is

· Size = 4 + UTRAN FDD Description + UTRAN TDD Description:

For UTRAN FDD Description and UTRAN TDD Description:

· 5 bits (including FDD Bandwidth) + (Repeated UTRAN FDD Neighbour Cells * No FDD frequencies)

For Repeated UTRAN FDD Neighbour Cells:

· 21 + FDD _CELL_INFORMATION Field
For FDD _CELL_INFORMATION Field:

· A look-up table gives for 16 cells a size of 122 bits

Thus for 64 cells TDD and 64 cells FDD we have:

· Repeated UTRAN FDD Neighbour Cells (for 16 cells) = 143 bits

· UTRAN FDD Description (and UTRAN TFDD Description) = 5 + (143 * 4) = 577 bits

· 3G Neighbour Cells Description = 4 + 577 + 577 = 1158
Assuming a 23 byte (184 bits) payload per instance for PSI3quater this is equivalent to 8 instances.  

It should be noted that there are a certain number of bits that are mandatory for each instance of PSI3quater (~19 bits/ instance) thus adding a further (8 * 19 = 152 bits for 8 further instances).  This means that 9 instances of PSI3quater are needed to describe 128 3G neighbour cells.  

For E-UTRAN we make the following assumptions about the content of the neighbour cell description:

· EUTRAN-ARFCN is the same size as FDD-ARFCN (14 bits)

· The Physical Layer Cell ID – PLCID (9 bits)
· Diversity information – (1 bit – it is currently unclear as to what is required)

This is equivalent to the 3G situation with 10 bits FDD_CELL_INFORMATION (9 bit scrambling code and 1 bit transmit diversity).  And so the calculations are equivalent for E-UTRAN neighbour cells.  

A.2 System Information

The neighbour cell list should be broadcast in several instances of SI2quater on BCCH.  The calculation determined here is only for 3G neighbour cells (which are assumed to have similar requirements to E-UTRAN neighbour cells) and no GPRS neighbour cells are included in the list.  

The SI2quater message has a payload of 20 octets.  The SI2quater_INDEX allows for up to 16 instances of this message to be broadcast in the cell.  

The following table shows the calculated sizes of each of the fields in the SI2quater message.  The assumptions used to calculate the size of the complete neighbour cell list for 128 3G neighbour cells are:

· No real-time differences need to be supported as this message is assumed to contain only 3G (E-UTRAN) neighbour cells.  

· No BSIC description is required for the same reasons as above. 

· No GPRS Measurement parameters are required. 

· Some form of Report Priority information is needed for E-UTRAN cells.  

· All 3G measurement parameters are required.  

· The CCN active towards each neighbour cell information is required in the NC measurement parameters extension information.  

	Field name
	Size (bits)

	BA_IND :
	1 bit

	3G_BA_IND :
	1 bit

	MP_CHANGE_MARK
	1 bit

	SI2quater_INDEX
	4 bits

	SI2quater_COUNT
	4 bits

	0 | 1
< Measurement_Parameters Description >
	3 bits

	0 | 1
< GPRS_Real Time Difference Description >
	1 bit

	0 | 1
< GPRS_BSIC Description >
	1 bit

	0 | 1
< GPRS_REPORT PRIORITY Description >
	7+128 = 135 bits

	0 | 1
< GPRS_MEASUREMENT_Parameters Description >
	1 bit

	0 | 1
< NC Measurement Parameters >
	12 + 7 + 128 = 147 bits

	0 | 1
< 3G Neighbour Cells Description >
	1158 bits (As per PSI3quater)

	0 | 1
< 3G MEASUREMENT Parameters Description >
	19 bits (max size)

	0 | 1
< 3G Initial Dedicated Mode Reporting Description >
	22 bits (max size)

	0 | 1
< GPRS 3G Additional Measurement Parameters Description >
	7 bits

	0 | 1
< GPRS 3G Additional Measurement Parameters Description 2 >
	7 bits

	0 | 1 < 3G_CCN_ACTIVE >
	2 bits

	Total
	1514 bits


Table 2 – SI2quater Information Size

Under these assumptions 10 instances of SI2quater will be required to broadcast for 128 3G neighbour cells.  Using the previous assumptions about identification of LTE neighbours cells, this calculation also applies for E-UTRAN cells.  
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