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1   Introduction
During RAN Sharing Enhancement discussion in RAN3#85bis meeting, there were several agreements regarding to the X2 Resource Status reporting Procedure, which were captured in the way forward[1] as below:

a) Deployment Scenarios (a), (b) and (c) (described in TR 36.856 [1]) are within the Scope of this WI. 

b) Mobility Settings Change procedure (MSC) is not within scope – but can be contribution driven

Following Open Issues were identified for further discussion:

MLB1: define and consequences of case a and b.
MLB2: all load information or only available capacity?

MLB3: send the quota as well?

MLB4: report in one message or multiple messages?

MLB5: PLMN in the request?

MLB 6: new event triggered? 

MLB 7: for Case c (described in the TR), no need to enhance the RSR (resource status reporting)?

In this contribution, we discuss the listed open issues.

2   Discussion

2.1   Scenario for enhanced Resource Status reporting Procedure

· MLB1: define and consequences of case a and b 

The case a, b and c in the TR [2] are excerpted as below:
	The Hosting E-UTRAN Operator shall be able to specify the allocation of E-UTRAN resources to each of the Participating Operators in the following cases:

a) Case A)
static allocation, i.e. guaranteeing a minimum allocation and limiting to a maximum allocation,

b) Case B)
static allocation for a specified period of time and/or specific cells,

c) Case C)
first UE come first UE served allocation, namely an equal access by sharing operators to available resources in the cell.

-
per PLMN resource limitation, taking place when the cell reaches an overloaded status, may be enforced.

The standards should support a deployment scenario irrespective of whether each cell employs scheduling per PLMN-ID or employs common scheduling.


During previous discussion, there was question about the consequence of case a and b, in these two cases the UEs may be handover between cells due to the limitation of the assigned quota, it may be moved to a sub-optimal cell from radio condition viewpoint, which will lead more interference, more user power consumption, etc.
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Figure1
For example, in Case a and b, as shown in Figure1, Operator1 (PLMN1) has already occupied the all the assigned resources, but there are still lots of resources in PLMN2 region (the white part). In case there is a new UE of PLMN1 initiates the access, or one PLMN1 UE needs more resources, if it is not allowed for operator1 to use the remaining resources belongs to operator2, some UEs will be redirected or handed over to neighbour cells, although the current cell is the best cell for these UEs.
Figure 2 and Figure 3 shows two different scenarios and consequences for case a and b:

[image: image2.emf]Cell A Cell B

UE1

UE2

UE3

PLMN1 UE

PLMN2 UE

  
[image: image3.emf]Cell A Cell B

UE5

UE4

PLMN1 UE

PLMN2 UE


Figure2














Figure3
(1) In Figure2, UE1, 2, 3 are served by Cell A, if UE1 handover to Cell B due to the quota, high UL interference to Cell A will be caused by UE1, this will cause sub-optimal load balancing decisions form radio point of view, leading to a deteriorated performance. If UE 2 and 3 are moved instead of UE1 without considering of the quota, the overall system performances in the two cells are improved.
(2) In Figure3, UE4 and UE5 are served by Cell A with similar radio condition, considering of the assigned quota, UE4 will be handover to Cell B prior to UE5. The assigned quota can be considered in MLB, e.g. in case two UEs in similar Radio condition, the UE whose PLMN have no more resource should be offloaded to other cells first.

Observation: (1) shows that simply apply case a and b may come with a cost from radio resource point of view. (2) shows that the assigned quota can be considered as one of the factors for MLB in some scenarios. 

One possible advantage of case a and b is that the eNB will not accept traffic from a PLMN above the specified quota, which means that the risk for having to pre-empt UEs are smaller. On the other hand, the UEs will move, and the resource usage is very dependent on the location in the cell. Hence, it will not be possible to completely eliminate this.

Proposal 1: Keep case a and b as possible cases, and how to use the received per PLMN resource status report belongs to eNB implementation.
2.2   MLB2/3: all load information or only available capacity? Send the quota as well?
Considering of the two possibilities, i.e. all load information or only available capacity:
· “All load information” includes Radio Resource Status, Hardware Load Indicator, S1 TNL Load Indicator, Composite Available Capacity Group.

· “Only available capacity” includes Composite Available Capacity Group. 
Because the eNB knows the selected PLMN information of each UE, the eNB is able to know the Radio Resource Status (DL/UL GBR/non-GBR/Total PRB usage) and S1 TNL load for individual sharing operator. It is hard to get the detailed Hardware Load per PLMN, hence it is preferred to exchange the “Only available capacity”.
The “only available capacity” could be the Composite Available Capacity Group, Radio Resource Status (PRB usage), or a new introduced IE. If the Composite Available Capacity Group is used, it is eNB implementation on how to perform the measurement, e.g. only consider PRB usage, or also consider other factors. Hence it is preferred to use the Composite Available Capacity Group. 
As defined in TS36.423, the composite available capacity consists of the Cell Capacity Class Value and the Capacity Value. We can use the Cell Capacity Class Value as the cell capacity class for the entire cell, and introduce per PLMN Capacity value to indicate the available capacity of the PLMN compares to the entire cell capacity.

Proposal 2: exchange the available capacity for each individual sharing operator, by introducing per PLMN Capacity Value.

Proposal 3: there is no need to exchange the quota via X2 interface.

2.3   MLB4: report in one message or multiple messages?
As discussed in section 2.2, only the Capacity Value IE needs to be enhanced per PLMN, it is more efficient to report multiple PLMNs load in one message instead of sending multiple messages. There was previously a discussion on backward compatibility. From our point of view, the different solutions have no difference regarding backward compatibility. The important part is to define the presence and criticality in an appropriate way.
Proposal 4: report the Capacity Values of multiple PLMNs in one message.

2.4   MLB5: PLMN in the request?
Because neighbour cells may be shared by different operators, or some of them maybe a non-shared cell, in order to avoid unnecessary signalling exchanging, PLMN information in the RESOURCE STATUS REQUEST message is needed. By using this method, we only request information that is valid for the node which initiates the request.
Proposal 5: include the PLMN information in the RESOURCE STATUS REQUEST message.
2.5   MLB 6: new event triggered? 
In LTE, only periodic reporting is supported, with the Reporting Periodicity 1000ms, 2000ms, 5000ms, or 10000ms. But the load information on a per PLMN basis is only needed in case the neighbour cell is becoming overloaded, where the remaining resources per PLMN may need to be considered in the source cell, hence having periodic reporting for the non-overloaded cell is not necessary. It may be better to add event triggered reporting, to allow the eNBs to send the resource status reporting in case of the cell is becoming overloaded.
Proposal 6: Consider adding event triggered reporting, to allow the eNBs to send the resource status reporting in case of the cell is becoming overloaded. The detailed event triggered mechanism needs further study. 
2.6   MLB 7: for Case c (described in the TR), no need to enhance the RSR (resource status reporting)?

The definition of case C is:

Case C)
first UE come first UE served allocation, namely an equal access by sharing operators to available resources in the cell.

-
per PLMN resource limitation, taking place when the cell reaches an overloaded status, may be enforced.

In case the cell reaches an overloaded status, the per PLMN resource limitation will be considered. The example shows in Figure3 in section 2.1 also applies to this case, the cell a will handover UE 4 to cell B rather than handover UE5. And if one cell become overloaded, would like to offload, it is good for it to know how close to overload (per PLMN) the neighbour is. Otherwise it may handover one UE, and this makes the target becoming overloaded for this PLMN, which will trigger further actions. Hence it is preferred to support per PLMN resource status reporting in case c.
Proposal7: it is preferred to support per PLMN resource status reporting in case c.
3   Proposals
In this contribution, we analyse the open issues for Resource Status reporting enhancement, and get the proposals below:
Proposal 1: Keep case a and b as possible cases, and how to use the received per PLMN resource status report belongs to eNB implementation.

Proposal 2: exchange the available capacity for each individual sharing operator, by introducing per PLMN Capacity Value.

Proposal 3: there is no need to exchange the quota via X2 interface.

Proposal 4: report the Capacity Values of multiple PLMNs in one message.

Proposal 5: include the PLMN information in the RESOURCE STATUS REQUEST message.
Proposal 6: Consider adding event triggered reporting, to allow the eNBs to send the resource status reporting in case of the cell is becoming overloaded. The detailed event triggered mechanism needs further study. 
Proposal7: it is preferred to support per PLMN resource status reporting in case c.
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