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Maintenance of E-UTRAN Neighbor Cell List
1 Background
In GERAN#42 there was discussion raised in [1] [2] about how to maintain the E-UTRAN neighbor cell list. This paper further illustrates how the existing mechanism for UTRAN works and proposes the way forward to E-UTRAN.

2 Measurements related parameters
There is no big difference on the principle of construction neighbor cell list for different RATs. Especially for inter-RAT case, UTRAN and E-UTRAN use same messages to include neighbor cell information. To keep the specification simple and easy for implementation it is preferred to use same mechanism for UTRAN if feasible. Therefore it is better to have an overview on UTRAN NCL maintenance before giving any modifications for E-UTRAN.
2.1 Overview for 3G neighbor cell list construction
Table 1 shows how the MS build and maintain the 3G NCL in different scenarios:
Table 1: UTRAN NCL related messages

	Mode
	PBCCH not exist
	PBCCH exists

	
	Status
	action
	Status
	action

	Idle 
	1 (Note 1)
	Receive a full set of SI2quater instances. (Note 2)
A full set is identified by:


- SI2quater_INDEX


- SI2quater_COUNT


- same 3G_BA_IND
	1
	Receive a full set of PSI3quater instances. (Note 2)
A full set is identified by:


- PSI3_QUATER_INDEX

 
- PSI3_QUATER_COUNT 
- PSI3_CHANGE_MARK

	
	2
	3G_BA_IND in SI2quater is changed
	2
	PSI3_CHANGE_MARK in PSI3quater is changed

	
	3
	NA
	3
	NA

	Dedicated 
	1
	Receive a full set of Measurement Information instances. (note2)
A full set is identified by:


- MI_INDEX


- MI_COUNT


- same 3G_BA_IND

- 3G_WAIT
	1
	Receive a full set of Measurement Information instances. (note2)
A full set is identified by:


- MI_INDEX


- MI_COUNT


- same 3G_BA_IND

_3G_WAIT

	
	
	Before receiving a full set of Measurement Information instances, the NCL built in idle mode by SI2quater is used.
	
	Before receiving a full set of Measurement Information instances, the NCL built in idle mode by PSI3quater is used.

	
	2
	3G_BA_IND in Measurement Information is changed
	2
	3G_BA_IND in Measurement Information is changed

	
	3
	NA
	3
	NA

	Packet Transfer
	1
	Receive a full set of SI2quater instances on BCCH or a full set of PSI3quater instances on PACCH
	1
	Receive a full set of PSI3auqter instances on PBCCH/PACCH.

	
	2
	· 3G_BA_IND in SI2quater or PMO/PCCO is changed
· PSI3_CHANGE_MARK in PSI3quater or PMO/PCCO is changed
	2
	PSI3_CHANGE_MARK in PSI3quater or PMO/PCCO is changed

	
	3
	PMO/PCCO is received with same 3G_BA_IND as SI2quater indicates or with same PSI3_CHANGE_MARK as PSI3quater indicates
	3
	PMO/PCCO is received with same PSI3_CHANGE_MARK as PSI3quater indicates.


Note 1: the number is referred to the following 3 status


1    to build a NCL and start measurements 
2    to re-read broadcast messages and rebuild the NCL
3    to modify the NCL (actually the “modify” is achieved by “add” and “delete”)
Note 2: If more than one cell / UTRAN frequency with the same index in the 3G Neighbour Cell list are provided by different instances of 3G Neighbour Cell Descriptions, the cell / UTRAN frequency from the message instance with the highest index shall be used. In case the same 3G Cell / UTRAN frequency occurs more than once in the resulting 3G Neighbour Cell list, each occurrence shall be assigned an index but only the cell / UTRAN frequency with the highest index in the 3G Neighbour Cell list shall be referred to in measurement reports. 

The following two figures further show typical scenarios for the MS to construct 3G NCL:

[image: image1]
Figure 1: 3G NCL construction in CS mode

[image: image2]
Figure 2: 3G NCL construction in PS mode

The Packet Measurement Order can modify the 3G NCL by sending a set of additional cells and a set of removed cells. The set of additional cells would be added from the index indicated by index_start_3G and the removed cells would keep their indices in the NCL without any measurements. It is possible that same cell occurs several times in the 3G NCL and only the highest index takes effect. The reason why 3G NCL uses this mechanism is illustrated in the following sections.
2.1.1 Addition of cells
Each 3G neighbor cell description received is added in consequence starting from Index_Start_3G, which is indicated in SI2quater, PSI3quater, Measurement Information, Packet Measurement Order and Packet Cell Change Order respectively.
The reason to use index_Start_3G is to avoid the negative impact by loss of synchronization between the MS and the network. The following figure shows an example:

[image: image3]
Figure 3: example of addition of cells

In the above example if index_Start_3G is not used after step 1 the NCL can not be synchronized any more and when reporting measurement results the index from MS indicates different cells as the network understands.

[image: image4]
2.1.2 Removal of cells

Packet Measurement Order and Packet Cell Change Order may contain REMOVED_3GCELL_Description structures to remove cells/frequencies in the 3G neighbor cell list. The cells / UTRAN frequencies to be removed are identified by their indices in the 3G Neighbour Cell list. Removed cells / UTRAN frequencies shall keep their indices but no measurement shall be performed. 
To keep the indices for those removed cells is to avoid similar problems for synchronization:

[image: image5]
Figure 4: example of removed cells

Therefore it is clear that the main reason to have a removed 3G cell list is to reduce unnecessary measurements instead of reducing 3G NCL space consumption. Once the cell is removed from the 3G NCL the associated index has to be kept unless the index_Start_3G indicates overwriting. 

When E-UTRAN is introduced a more accurate measurement control per frequency is introduced by Measurement_Control_E-UTRAN, which has equal effect as 3G to disable measurements for a certain frequency by giving a removed cells list. In other words the measurement control mechanism now introduced can replace the function of removed 3G cells but with more flexibility that the network can change its measurements control policy from time to time. In this case introducing removed E-UTRAN frequencies would have no benefits and only bring potential risks to make the E-UTRAN Neighbor Cell list unnecessarily longer.
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2.1.3 Modification of (Not) Allowed cells
As proposed in [1] this is a specific problem raised in E-UTRAN. For UTRAN every cell has an index and thus no confusion would occur. 
Based on the analysis in 2.1 the MS will modify its NCL when a Packet Measurement Order is received with same PSI3_CHANGE_MARK (if PSI3quater exists) or with same E-UTRAN_BA_IND (if PSI3quater does not exist). Therefore if the set of NAC/AC is the same as the one received in broadcast messages the PMO does not need to send it repeatedly. 
The NAC/AC common for all mobiles would be seldom changed in a certain area and even if it is changed it should be reflected in PSI3quater instead of PMO. The main reason why the set of NAC/AC is changed in Packet Transfer mode is that there is additional NAC/AC for specific mobiles. It can be assumed that in a certain cell or RA the mobile’s NAC/AC would not be changed but may be different than the common set. In this case only one PMO message is needed to send the new set. 
The existing structure of NAC/AC indicates that typically NAC/AC for a certain cell would only appear as one of the three options:

· one certain cell identified by PCI (9 bit)

· one certain group of cells (6 bit )

· one group of cells with a certain PCID pattern (12 bit)

If originally the MS receives a group of cells with a certain PCID pattern, which costs 12 bit and later the network wants to give more cells into the group the network can merge them into a new group of cells with another PCID pattern, which would also only costs 12 bit. And with the help of PCID_pattern_sense the NAC or AC set with shorter size would be selected.
	< Not Allowed Cells struct > ::=


{ 1 < PCID : bit (9) > } ** 0

 -- explicit PCID coding

{ 0 | 1
< PCID_BITMAP_GROUP : bit (6) > }

{ 1 < PCID_Pattern_length : bit (3) >


< PCID_Pattern : bit (val(PCID_Pattern_length + 1)) >


< PCID_pattern_sense : bit (1) >

} ** 0 ;




Therefore it would not lead to much burden if the PMO includes a complete set of the NAC/AC to override the old values. One additional benefit to do so is to keep the maintenance simple. We have seen in 2.1.1 and 2.1.2 the case when synchronization is lost between the MS and the network. Similar risks could occur for partial updates are used for NAC/AC when some of the PMO messages are lost.
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3 Conclusion

The above analysis gives an overall principle to build and maintain E-UTRAN NCL. It is recommended to agree with the above proposals and make corresponding changes in the specifications
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Problem 1:


In current E-UTRAN neighbour cell list construction no parameter like index_Start_3G exists, which may lead to potential problems as described above.





Proposal 1:


To introduce a new parameter index_Start_E-UTRAN for E-UTRAN frequencies in SI2quater, PSI3quater, Measurement Information, Packet Measurement Order and Packet Cell Change Order messages respectively. 


Or alternatively, the PMO message should update the whole contents of the previous PMO message, i.e. every PMO message received is acting on the NCL constructed from system information instead of on the previous PMO message. This way does not need to introduce additional parameters.


In case the same E-UTRAN frequency occurs more than once in the E-UTRAN Neighbour Cell list, each occurrence shall be assigned an index but only the frequency with the highest index in the E-UTRAN Neighbour Cell list shall be referred to measurement reporting.
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Problem 2:


It is doubtable whether to introduce mechanism to support removal of E-UTRAN frequencies or not.





Proposal 2:


Current mechanism of measurement control is more flexible than the “remove” function without risks to make the E-UTRAN frequency list even longer. It is unnecessary to have additional function to remove E-UTRAN frequencies. 








Problem 3:


The way to maintain the NAC/AC received from broadcast messages and PMO.





Proposal 3:


If PMO does not give NAC/AC then the set received in broadcast messages is used.


If PMO sends a new NAC/AC then the new set overrides the old values.


























































































































