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1	Introduction
It has been agreed and documented in the TR [1] that the efficiency of CoMP depends on the spatial user distribution, i.e. whether many users are located on cell edges and if so whether those cell edges are covered by the CoMP area. This aspect is addressed by the “Spatio-temporal traffic variation” use-case, and by solutions 3, 4 and 5 captured in the TR. However, RAN3 included some FFSs in solution 3 and 4, which we here propose to resolve.
2	Discussion
2.1	Open points in solution 3 and 4
This paper aims at resolving the following open points (OP) that were introduced in the TR at last meeting [2]:
Section 6.3.1.2.2: 
· OP1: “It is FFS how spatial distribution of UEs can be derived from RSRP measurements.”
· OP2: “Given the dependency of UE resource usage from the specific RRM implementation it is FFS how knowledge of UE resource usage can be beneficial.”
· OP3: “The location of the UEs in terms of the cell border is proposed to be derived from RSRP measurements of neighbour cells or CoMP measurements, but the present study has not concluded on the feasibility of this approach.”
· OP4: “It should be noted that it may occur that the evaluation on whether to report or not is skewed by the implementation dependency of resource allocation per UE and by the inaccuracy of RSRP measurements when it comes to UE location detection.”
· OP5: “However, it remains FFS whether such position information may be derived from RSRP measurements.”
· OP6: “However, it remains FFS whether an error on determining UE proximity to cell border will affect CoMP performance.”
Section 6.4.1:
· OP7: “FFSs relative to user distribution monitoring in solution 3 may also apply to this solution.” (overlapping with “the present study has not concluded on the feasibility of this approach” in same sentence)
These 7 open points address three distinct issues. The first issue relates to how the spatial distribution of UEs can be derived from RSRP measurements (OP1, OP3, OP5, OP7). A proposal on how to handle this issue is presented in section 2.3 below.
The second issue relates to UE resource usage and is covered by OP2 and OP4. A proposal on how to handle this issue is presented in section 2.2 below.
The third issue relative to error on determining UE proximity is covered by OP6. A proposal on how to handle this issue is presented in section 2.4 below.

2.2	Ratio of cell edge users as simple distribution criterion (OP2, OP4)
CoMP has been invented to combat the intercell interference affecting at the cell border. If there is only very low number of UEs or even no UE at all in those interference-prone zones, CoMP is not needed. Furthermore, it is an indication for CoMP area update in case of network-centric CoMP with disjoint CoMP areas when the cell edge user ratio is high for cell edge areas coinciding with CoMP area border while other cell edges inside the area sparsely populated.
The ratio of users belonging the cell edge is a simple binary indication of the spatial user distribution in the cell, but sufficient for CoMP area update analysis. 
Proposal 1: Simplify the solution description by removing resource usage per UE, and replace by counting the number of UEs in RRC connected state.
 2.3	RSRP measurements to determine cell edge user ratio (OP1, OP3, OP5, OP7)
A cell edge or a cell border between two adjacent cells can be indicated by comparing the RSRP measurements of serving MS and neighbouring MN cells measured by the UE. The cell border is reached when serving RSRP and neighbouring RSRP are in the same range, i.e. MN = MS ± Δ.
The entering of the cell edge zone can be triggered by a A3 measurement event with an opposite offset compared to the A3 event used for handover (MN > MS - Δ). There are two leaving conditions: a) the normal handover triggering A3 event with the condition (MN > MS + Δ) or b) another third A3 event indicating that signal strength of the serving cell is getting again dominant compared to any neighbour (MN < MS - Δ). 
The eNB serving the cell will track the number of UEs satisfying the event A3 criterion, by counting the number of UEs reporting entering A3 and subtracting those UEs reporting one of the leaving A3 events. Also the newly connected and entering UEs will reporting their currently fulfilled condition. This number is monitored over a certain Tmonitor. If it exceeds a certain threshold UEEdge-Thr, this information is reported. The cell edge area used for simple UE distribution analysis accommodates UEs from adjacent cells due to hysteresis of about OffA3_HO_cellA + OffA3_HO_cellB given by the two A3HO event criteria. However, each eNB receives reports only from its served UEs. The CAMF therefore gathers information from adjacent eNBs / cells in order to determine whether there is a need to update the CA. 
It can therefore be seen that in order to get information about user distribution with respect to the cell edges the exact user location is not required. It is sufficient to determine the ratio of the users belonging to a cell border within a cell. This ratio can be easily derived from RSRP measurements and its feasibility shown above which solves the open points OP1, OP3, OP5 and OP7. We therefore propose to remove the related FFSs from the TR.
Proposal 2: Clarify that event A3 can be used to determine the cell border, and by that remove FFSs / open points related to OP1, OP3, OP5 and OP7.
2.4	Error on determining UE proximity to cell border (OP6)
As shown in section 2.3, the choice of offset for event A3 will determine which UEs that are considered as being located at the cell border. Also, how an implementation will react on a measurement report received from the UE is implementation dependent. Choice of the event A3 offset is left to implementation, and a conservative choice (high value) may be done if needed to include a higher proportion of the served UEs as being part of the cell edge. We propose to clarify in the TR that the choice of offset (RSRP threshold) is fixed by implementation, and that the FFS can be removed.

Proposal 3: Clarify that the error on determining UE proximity to cell border depends on choice of offset (RSRP threshold), which is fixed by implementation, and remove the FFS related to OP6.

3	Conclusion
We have made the following proposals:
Proposal 1: Simplify the solution description by removing resource usage per UE, and replace by counting the number of UEs in RRC connected state.
Proposal 2: Clarify that event A3 can be used to determine the cell border, and by that remove FFSs / open points related to OP1, OP3, OP5 and OP7.
Proposal 3: Clarify that the error on determining UE proximity to cell border depends on choice of offset (RSRP threshold), which is fixed by implementation, and remove the FFS related to OP6.
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[bookmark: _Toc460329018][bookmark: _Toc475041191][bookmark: _Toc480233106]6.3	Solution #3: Adaptive Coordination Areas
[bookmark: _Toc460329019][bookmark: _Toc475041192][bookmark: _Toc480233107]6.3.1	Solution description
[bookmark: _Toc475041193][bookmark: _Toc480233108]6.3.1.1	Functional aspects
This SON solution aims to determine and adapt the CoMP coordination areas according to the spatio-temporal UE distribution in the network. The principle of operation is illustrated in Fig. 3. Information describing the spatial UE distribution is exchanged on X2, and CAMF adapts the CA allocation in order to avoid concentrations of UEs on inter-CA borders. 



Fig. 3: Principle of CA adaptation for solution 3.

[bookmark: _Toc480233109]6.3.1.2	Analysis of protocol impacts
[bookmark: _Toc480233110]6.3.1.2.1	Overview
Information exchanged on the X2 interface for this solution:
· Information that determines the cell border area, e.g. based on RSRP thresholds with respect to serving and neighbouring cells.
· Number of UEs within the cell border area. 
· Cell resources used by these UEs. 
 (further detailed in clause 6.3.1.2.2)

· CA allocation decision (designation of the coordinating node (eNB) and all other cooperating eNBs / TPs): same as for solution 1

[bookmark: _Toc480233111]6.3.1.2.2	Information about UEs
X2 Resource Status Reporting procedures currently supports RSRP measurements per UE. Important is however not RSRP measurement itself but spatial concentration of UEs at specific locations, which is proposed to be derived from RSRP measurements as described below. It is FFS how spatial distribution of UEs can be derived from RSRP measurements.  
Furthermore, any explicit information about the bandwidth consumption or resource usage per UE in addition to the spatial information may be beneficial in order to prioritize between UEs and to get the spatial traffic distribution. Given the dependency of UE resource usage from the specific RRM implementation it is FFS how knowledge of UE resource usage can be beneficial.
The location of the UEs in terms of the cell border is proposed tomay be be derived from RSRP measurements of neighbour cells, e.g. by means of event A3 as illustrated in Fig. f1 or CoMP measurements, . but the present study has not concluded on the feasibility of this approach. The number of UEs in RRC connected state fulfilling the specific criterion that assigns them to a specific cell border are counted.. If this number weighted with radio resource utilisation of each UE indicates a certain traffic concentration, information about the border is reported. It should be noted that it may occur that the evaluation on whether to report or not is skewed by the implementation dependency of resource allocation per UE and by the inaccuracy of RSRP measurements when it comes to UE location detection. 

A3HO = MN > MS – OffA3_HO
A3Cell Edge Entering = MN > MS + OffA3_Enter
A3Cell Edge Leaving = MN < MS + OffA3_Leave
Here in the Figure: OffA3_HO = OffA3_Enter = OffA3_Leave
A3HO
A3 Cell Edge Area Entering
A3HO
A3 Cell Edge Area Entering
A3 Cell Edge Area Leaving
A3 Cell Edge Area Leaving
Cell Edge Area

Fig. f1: Use of event A3 to determine the UEs located in the edge area of the serving cell.
The position information in terms of cell border area may be derived from already supported information, like RSRP measurement of the serving (reporting) cell and RSRP measurements of neighbour cells. However, it remains FFS whether such position information may be derived from RSRP measureents. As shown in Fig. 1, Tthe UE position itself is not required but only information whether it belongs to a cell border area as defined by RSRP thresholds for serving and neighbour cells (fixed by implementation). The cell edge area used for simple UE distribution analysis accommodates UEs from both adjacent cells due to hysteresis of about OffA3_HO_cellA + OffA3_HO_cellB given by the two A3HO event criteria. However, each eNB receives reports only from its served UEs. The CAMF therefore gathers information from adjacent eNBs / cells in order to determine whether there is a need to update the CA.  However, it remains FFS whether an error on determining UE proximity to cell border will affect CoMP performance.  
Several options exist for the choice of signalling procedure for this information, e.g. the Resource Status Reporting procedure as illustrated in Fig. 4. 





Fig. 4: Resource Status Reporting procedure conveying information about UEs.


[bookmark: _Toc480233112]6.3.2	Solution evaluation

[bookmark: _Toc480233113]6.4	Solution #4: OAM based solution for spatio-temporal traffic variation
[bookmark: _Toc480233114]6.4.1	Solution description
[bookmark: _GoBack]Either eNBs or OAM could monitor the user distribution. OAM could do this with MDT or by using statistics related to mobility events. Alternatively eNBs could use existing mobility measurement (cf. section 6.3.1.2.2) or CoMP measurements – but the present study has not concluded on the feasibility of this approach – and report the distribution to OAM. FFSs relative to user distribution monitoring in solution 3 may also apply to this solution.
OAM could then make a decision of updating the cooperation area based on the above information and configure the eNBs accordingly.
[bookmark: _Toc480233115]6.4.2	Solution evaluation
<<< TP end >>>
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