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Alternatives for E-UTRAN neighbour cell information
1 Introduction

As was discussed at GERAN#37 and also indicated in the LS in GP-080395, which was sent from GERAN to RAN2 and RAN4, there is still an open issue concerning how information about neighbouring E-UTRAN cells shall be transferred to the mobile stations while in GERAN.
In this discussion paper some aspects regarding the proposed alternatives are analysed.
Two different alternatives have been discussed, the so called “white list” and “black list” alternatives. In the white list alternative an explicit E-UTRAN neighbour cell list would be sent to the mobile stations. In measurement reports, a mobile station would then use the index in the Neighbour Cell Lists (NCL) to identify the reported E-UTRAN cell, just as is done for GERAN and UTRAN cells today.
In the so called “black list” alternative, which is the alternative to be used for mobility within E-UTRAN, only the centre frequencies for neighbouring E-UTRAN cells are broadcasted. The mobile station then identifies the reported cells with the “physical layer Cell ID” in the measurement reports to the network. In addition a list with “not allowed” cells to be broadcasted to the mobile stations could be introduced for e.g. national border cases.
It has, within the RAN groups, been decided that for mobility within E-UTRAN only information about E-UTRAN centre frequencies shall be included in the E-UTRAN neighbour cell lists (the so called black list approach). There would be benefits in applying the same mechanism in GERAN for the mobility from GERAN to E-UTRAN:

· O&M – the configurations of neighbour E-UTRAN cells on the GERAN side would be similar to how it is done within E-UTRAN for neighbouring E-UTRAN cells.
· The mobile stations can perform measurements of E-UTRAN cells in the same way independent of the RAT it is currently camping in (GERAN, UTRAN or E-UTRAN).
With the white list approach there are however less changes needed in the GERAN specifications since the same mechanism as for GERAN and UTRAN neighbouring cells would be reused. That would mean less updates on the GERAN side in order to introduce the LTE interworking.

2 Load on broadcast channels
A key advantage with the black list approach is that significantly less information needs to be sent on the broadcast channels (compared to the white list approach).
Since there would be a limited amount of neighbour E-UTRAN frequencies the amount of additional data to be broadcasted in the black list approach would be very limited. Assuming that 2 frequencies are to be broadcasted and that 14 bits are needed to describe an E-UTRAN frequency, 2*14=28 bits would be sufficient. The amount of data to broadcast is thus not dependent on the actual number of neighbour E-UTRAN cells. Some additional bits might however be needed for the protocol overhead.
In the white list approach there is a need to broadcast information about all the neighbouring E-UTRAN cells. According to the estimations in reference ‎[1], 10 instances of the SI2quater message would be needed in order to transmit an NCL with either 128 UTRAN or E-UTRAN cells (with 4 frequencies for FDD and 4 frequencies for TDD).
With the same assumptions as in reference ‎[1], it can be estimated that the following amount of additional data (i.e. compared to having no E-UTRAN neighbours) would need to be sent in SI2quater with the white list approach:
· 164 additional bits for the case of 16 E-UTRAN neighbour cells on 1 frequency
· 323 additional bits for the case of 32 E-UTRAN neighbour cells on 2 different frequencies

· 641 additional bits for the case of 64 E-UTRAN neighbour cells on 4 different frequencies

Note that these are calculations for how much extra data needs to be added into SI2quater in case information for neighbour UTRAN cells is already being sent, i.e. the other IEs in SI2quater have not been included since they are sent anyway due to the UTRAN neighbour cells.

The time needed to broadcast the full SI2quater depends on whether:

· SI2quater is sent on BCCH Norm or BCCH Ext

· how often SI2quater is scheduled (in case SI2bis and/or SI2ter are sent as well)

The requirements for transmission of SI2quater (from reference ‎[2]) are:

System information type 2 quater is sent if needed, as determined by the system operator. If sent on BCCH Norm, it shall be sent when TC = 5 if neither of 2bis and 2ter are used, otherwise it shall be sent at least once within any of 4 consecutive occurrences of TC = 4. If sent on BCCH Ext, it is sent at least once within any of 4 consecutive occurrences of TC = 5.
For the case that SI2bis and/or SI2ter are used as well on the BCCH Norm and for the case that SI2quater is sent on BCCH Ext, these are however just minimum requirements. SI2quater would typically be sent more often in those cases, which is also assumed in the calculations below. In Table 1 and Table 2 below are calculations of the amount of data needed in SI2quater and the time needed to broadcast it. It has, in these calculations, been assumed that there are also 16 UTRAN neighbour cells (on 1 frequency) being sent in SI2quater (and that there are GERAN neighbour cells). This is included in order to relate the numbers to a legacy case with UTRAN neighbour cells but without E-UTRAN cells.
	
	“Black list” alternative
	“White list” alternative

	16 E-UTRAN neighbours,
1 frequency
(and 16 UTRAN neighbours)
	406 bits
3 SI2quater instances
16.92 s
	556 bits
4 SI2quater instances
22.56 s

	32 E-UTRAN neighbours,
2 frequency
(and 16 UTRAN neighbours)
	420 bits
3 SI2quater instances
16.92 s
	715 bits
5 SI2quater instances
28.20 s

	64 E-UTRAN neighbours,
4 frequency
(and 16 UTRAN neighbours)
	448 bits
3 SI2quater instances
16.92 s
	1033 bits
7 SI2quater instances
39.48 s

	No E-UTRAN neighbours (only the 16 UTRAN neighbours)
	392 bits
3 SI2quater instances
16.92 s
	392 bits
3 SI2quater instances
16.92 s


Table 1 Amount of data in SI2quater and time needed to send it. BCCH Norm, SI2bis and SI2ter sent as well. SI2quater sent in every third occurrence of TC=4.
	
	“Black list” alternative
	“White list” alternative

	16 E-UTRAN neighbours,
1 frequency

(and 16 UTRAN neighbours)
	406 bits
3 SI2quater instances
5.64 s
	556 bits
4 SI2quater instances
7.52 s

	32 E-UTRAN neighbours,
2 frequency

(and 16 UTRAN neighbours)
	420 bits
3 SI2quater instances
5.64 s
	715 bits
5 SI2quater instances
9.40 s

	64 E-UTRAN neighbours,
4 frequency

(and 16 UTRAN neighbours)
	448 bits
3 SI2quater instances
5.64 s
	1033 bits
7 SI2quater instances
13.16 s

	No E-UTRAN neighbours (only the 16 UTRAN neighbours)
	392 bits
3 SI2quater instances
5.64 s
	392 bits
3 SI2quater instances
5.64 s


Table 2 Amount of data in SI2quater and time needed to send it. BCCH Ext. SI2quater sent in every occurrence of TC=5.

Note that information about the “carrier bandwidth” for the neighbour E-UTRAN cells will probably be introduced on the E-UTRAN side. It should therefore be sent to the mobile station on the GERAN side as well. It can be assumed that this information is the same for a whole carrier and could therefore be included in the system information message once per E-UTRAN frequency. More space would also be needed in the System Information messages (SI2quater) in order to introduce e.g. a new “E-UTRAN MEASUREMENT Parameters Description” IE.
For the case of national borders there might be a need to introduce a list of “not allowed E-UTRAN neighbour cells” with the black list approach. It should then however be possible to limit the transmission of such lists to mobile stations in packet transfer/dedicated mode (i.e. not using the BCCH to send this information) since a mobile station in idle mode would typically be allowed to perform cell reselection to a PLMN in a neighbour country anyway. The only case where it would be desirable to send that list in idle mode is when the same E-UTRAN frequencies are used both in the e.g. serving/home network and in another network (i.e. at national borders) and there are no roaming agreements with the other network. In packet transfer/dedicated mode a handover would however normally not be supported across national borders and there might thus be a need for transmission of the list of “not allowed E-UTRAN neighbour cells” while in packet transfer/dedicated mode. That transmission will then not affect the broadcast channels. The amount of data per “not allowed cell” could be kept very limited, probably it would be enough with the Physical Layer Cell ID. It would perhaps even be possible to send a range of Physical Layer Cell IDs that are not allowed.
3 Measurement Reporting
In order to support (PS) Handover in the black list approach the mobile station will need to indicate the identity of the reported cell in the measurement reports. Each E-UTRAN cell can be identified with the Physical Layer Cell ID, which is 9 bits long. This can be compared to the need for 7 bits for the index in the NCL in the white list alternative (e.g. in the PACKET MEASUREMENT REPORT message). It would therefore be possible to fit reports for 6 E-UTRAN cells in the measurement reports also with the black list approach. There would however be a need for updates to the measurement report messages, or even to define new ones. With the white list approach it might be sufficient to allow the mobile station to report E-UTRAN specific measurement values when E-UTRAN cells are reported.
4 O&M effort

In the black list approach only information about neighbouring E-UTRAN centre frequencies needs to be sent to the mobile stations. However, in order to support (PS) Handover there is still a need to map the reported measurements to a specific cell, e.g. by mapping the physical layer cell ID (504 combinations that are valid locally) to cell global identifier. That will be needed in order to signal to the correct target cell/node at (PS) handovers to E-UTRAN cells. On the E-UTRAN side, there will thus be a need for such a mapping in order to support E-UTRAN internal handovers. If the neighbour cell information to be broadcasted in the white list approach could be limited to frequency and physical layer cell ID, it would therefore be possible to reuse the configurations from the E-UTRAN side in a white list approach on the GERAN side in a similar way as if the black list approach (supporting (PS) Handover) is used on the GERAN side.
Parameters that would need to be configured within GERAN in the different approaches are listed below.
Black List approach ((PS) handovers towards E-UTRAN not supported):
· Centre frequencies (a few that are broadcasted)

Black List approach ((PS) handovers towards E-UTRAN supported):
· Centre frequencies (a few that are broadcasted)
· Physical Layer Cell ID (per neighbour E-UTRAN cell, not broadcasted)
· Global cell identity (per neighbour E-UTRAN cell, not broadcasted)
· eNodeB address (per neighbour E-UTRAN cell, not broadcasted)
White List approach:

· Centre frequency (per neighbour E-UTRAN cell, broadcasted)

· Physical Layer Cell ID (per neighbour E-UTRAN cell, broadcasted)

· Global cell identity (per neighbour E-UTRAN cell, not broadcasted)

· eNodeB address (per neighbour E-UTRAN cell, not broadcasted)
As can be seen, the amount of data that needs to be configured for neighbour E-UTRAN cells in the black list approach depends on whether GERAN to E-UTRAN (PS) Handover is to be supported or not. In the case that (PS) Handover from GERAN to E-UTRAN does not need to be supported there is a significant gain for the black list approach regarding the O&M effort. Otherwise, the two alternatives seem to require more or less the same amount of configuration work, as long as the white list approach is limited to the parameters above.
Note that, for the black list approach, in order to have a list of “not allowed E-UTRAN neighbour cells” a configuration of those cells will be needed. That would however be the case for a limited number of cells and it would then probably be sufficient to configure just the Physical Layer Cell IDs that are not allowed.
5 Discussion and conclusions

In this paper some benefits and drawbacks with each of the two approaches have been discussed. It needs to be discussed which of the approaches (the so called “white list” or “black list”) to use within GERAN.
The key difference between the two alternatives is the amount of data that needs to be sent on the broadcast channels in order to inform the mobile stations about the E-UTRAN neighbour cells. With the black list approach that impact can be minimised since no cell specific information needs to be broadcasted. As section 2 indicates, for a small number of E-UTRAN neighbour cells (below 16) the differences between the white list and black list in BCCH space requirements, and thus acquisition time for SI2quater, are limited. However, for cells with more than 16 overlapping E-UTRAN cells there is a significantly increased BCCH space requirement for the white list approach. The acquisition time for SI2quater can be reduced by using BCCH Ext.
The difference in O&M effort between the two approaches could be quite limited. However, for an operator that does not support (PS) Handover the O&M effort could be kept to a minimum for the black list approach and there would then be a significant difference.
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