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1 Introduction

In RAN2#56 document was presented [1] that proposed to remove neighbour cell lists in E-UTRA. After some initial comments it was decided to have an e-mail discussion aiming at identifying benefits and potential drawbacks of not having neighbour list. In first iteration, focus was on removal of Intra-frequency neighbour list for both IDLE and Connected UE’s
2 Summary of e-mail discussion:
1) Large part of discussion revolved around question what are neighbour lists actually used for today in UTRAN? In [1] following was stated:
· Used by UE as "post verification" of already seen cells to determine if they are allowed as target cells for mobility (UE based or in measurement reports for NW based)

Some companies believe there is more to neighbour cell list than only post-verification. The list can actually be used to optimise cell search procedure; by limiting the number of cells to be searched it reduces the duration of search (less code search activity) and reduced UE power consumption.

Even though we acknowledge that in some cases UE implementation could use neighbour lists to optimise cell search the gain, compared to not having to broadcast neighbour list, is small. Some UE vendors today already have equal performance of cell search for detected set cells (that was introduced already in Rel99 and has improved the actual performance of the system), as for neighbour cells. It was indicated by many that RAN1 and RAN4 need to be involved in this discussion (both due to the fact that cell search procedure has not been finalized yet - RAN1, and to understand what kind of requirements need to be imposed on the UE receiver in order to achieve good enough cell search – RAN4) but it doesn’t preclude RAN2 from taking a position on a removal of the neighbour lists and asking RAN4 to define requirements if possible.2) Another, more conceptual issue was raised: 
· Whether removal of neighbor list is against mobile assisted network controlled handover principle?

Even without neighbor lists, handover will still be network controlled. UE does measurements and reports best N cells. Network, makes a decision based on radio criteria, TN and Radio resources available, cell and UE capabilities which cell should be selected for handover. Internally, in eNB there must be a list of valid cells.
3) The answer above lead to the next question that came up in the discussion:

· What happens when UE is reporting some candidates (based on radio) and source eNB thinks none of them are suitable, what action source eNB can take? 
· Would it send a dedicated NBR list for that UE? If so, would this save the radio at the end?

Firstly it is difficult to perceive UE’s reporting a number of cells where none is suitable for handover. If those reported cells, have good radio conditions, why wouldn’t network consider those as valid neighbors, otherwise these scenarios would lead to interference problems. On the other hand, idle UE checks PLMN ID, TA ID, cell barring status to confirm that cell is suitable (which is why those parameters should also be included in primary BCH). So, we believe that for majority of cases, cell is a valid candidate except maybe in some country border scenarios.
To answer the second bullet it was clarified that there is no intention on broadcasting dedicated neighbor list to the UE’s.
4) Following question triggered a number of opinions:
· Then we have to also note that from UE point of view even if in most of mobility scenarios all neighbours are valid ones, UE does not know when this "most" case is applicable. So UE needs to always consider that current cell search case it the worst one (e.g. country border area).
Optimizing for the worst case that may not happen so often is most likely not needed. Majority of cells UE measures on are valid handover candidates. In case cell does belong to another PLMN which operates on the same frequency as current PLMN (e.g. country border), operators should have mutual (re-selection or handover ) agreements. If this is not the case, ongoing connection should be released (this would happen even if neighbor list is present) or cells of neighboring PLMN will experience loss of capacity due to UE’s using cells that are not optimal. It is the responsibility of the Network to not handover the UE to a cell that does not have the correct PLMN ID.
A question for the operator is how often network planning allows competing PLMN’s on the same carrier

5) What is really the benefit when it comes to resource savings?

· The following rough calculation was provided where benefits of not having neighbour lists are questioned when it comes to number of bits that would possibly be utilized compared to solution where neighbour cells do exist. Calculation was assuming that UE uses indexes to neighbour cells.
In average UE is making one handover every 90 seconds.

By having n-cell list UE saves 4 bits (Cell ID 512-> Cell Index 32 i.e. 9 bits ->5) per cell reported.

UE reports 6 cells per HO -> saving of 24 bits per measurement report. 

2000 UE’s in the LTE_ACTIVE

-> Saving per 1 second is: 2000*24bits/90=533bits. And this is rather pessimistic (when considering saving by n-cell list) that each HO can be performed with one MEASUREMENT REPORT.

Assuming the same conditions as above we need to also take into consideration that neighbour cell list does not need to be broadcasted. If number of Intra-frequency neighbour cells is limited to 32 as today in UTRAN total number of bits needed to be transmitted on DL-SCH as part of secondary information can be approximated (see Ref[2] for rough approximation). Assuming that the similar timing is needed for transmission of neighbour lists as in WCDMA, saving in the DL per second become very large.
Then in connected mode, one could say that better estimate in 3 cells per event triggered measurement report. 
Another argument that needs to be taken into account in the above calculation is that at every handover, new list needs to be sent to the UE that needs to contain 9 bit cell ID’s to be used and 4 bit indexes.

So, in case of n-cell lists of cells among which handover were executed differ by 3 cells:

3*9=27; 3*4=12 => 15 bits saving in UL at each handover but,

3*9 + 3*4 =39 bits waste in DL at each handover + system information bits calculated above.

Also, using indexes creates problems with timing interactions between the measurement report sent by the UE to the network and the updates of the neighbor list (assigning  indexes to the neighbor cells) sent to the UE in the downlink i.e. to avoid crossing messages only half of the index space can be used.  
For discussion document see [3]. 
6) Some operators see benefits form removal of neighbour lists in following:

· No need for cell planning

· Inline with having self-optimising system

· Reduction of system information 

Also, when comparing to UTRAN solution, there may be benefit of having a possibility to establish a connection to a cell that is not part of the neighbour list.

7) Another purpose of neighbour lists (as specified in UTRAN) is: 

· Serves as place holder or pointer for neighbour cell specific mobility parameters
Even though, no one raised this concern in e-mail discussion, it was mentioned during the meeting. By not having neighbour lists, this option will be limited which is clearly a drawback. But, alternative solutions are possible e.g. having parameterisation defined for this cell vs. all the other cells. And, in re-use 1 system, UE’s should as much a possible stay on the cells based on best radio conditions so those parameters may not be as important as for non intra-frequency scenarios.
The possibility to have neighbour cell specific parameters in eNB

Fast handover/reselection is by some operators considered s a specific mobility scenario aiming at handling sudden changes in radio environment. Having neighbour list with specific cells pointed out may be one way to solve this scenario. In case no neighbour list is available it may be difficult to set different parameters and more thinking is needed how this problem can be solved as well as configuration of cells for handover purposes where no camping should occur (guidance for outdoor/indoor).

8) What happens to overloaded cells should not be a problem in case no neighbour cell list exists? In UTRAN; admission control will reject a UE in attempt to handover to another cell. 
8) On the following comment: Complexity that is removed from the UE due to the neighbouring cell list is mostly due to the fact that the UE can spare the reading of the system information of potential target cells:

a) The UE does not need to read the system information / reselect to some cells, e.g. cells that are anyway too far away, and that provide no safe coverage because they are e.g. only leaking in through a window.

b) Cells that have different cell power e.g. due to a small size and that are thus received by the UE with only small power will be indicated to the UE as worth considering. In the case that they would not be indicated explicitly in the neighbouring cell list the UE would probably discard them since the received quality is too low.

On a), this problem will partially be solved by different propagation characteristics for LTE (where the probability to detect far away neighbour will be lower than for UTRAN)
On b) if cells are received with too low quality, why should UE consider those (UTRAN might have to do that because the cell specific neighbour cell parameters are set so that the UE have to consider that cell). This could be fixed with the option to provide an individual offset to a cell id but only when needed
9) More thinking is needed on the effects on Network sharing and load balancing. 

In case RAN2 decides to continue work on removal of neighbor lists, impact on network sharing and inter-frequency/inter-RAT load balancing would have to be studied in more detail.
What was clear from the discussion is that definition of Intra-frequency and Inter-frequency, for measurement purposes need to be revisited/clarified.

3 Conclusion
Based on discussion above, we would like to continue working on proposal to remove of neighbour lists.
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