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1. Introduction
In March 2007 in Malta, RAN1 #48bis informed RAN3 with LS R1-071806 [2] about their working assumptions about the introduction of an "overload indicator (OI)" to be exchanged between eNode Bs via the X2 interface for UL inter-cell power control purposes:
Working assumption:

•
Cell wide overload indicator (OI) exchanged over X2 on a slow basis
- according to RAN3 LS [R1-071804 (R3-070702)], expected average delay is in the order or 20ms

- FFS: Number of bits in the OI 

•
Neighbouring eNB can control individual UEs served by that eNB through it’s scheduler based on OI and available knowledge (e.g. pathloss obtained from normal handover measurements).
In June 07 in Orlando, RAN1 #49bis concluded on the inter-cell interference coordination:
Way forward:

· Overload indicator to neighbouring cells to indicate UL interference in the own cell exceeding a trigger event on a part of the bandwidth

· Continue discussion on whether request/grant based method should be added for UL/DL

(Note: This statement is related to [6].)
Although the overload indicator (OI) is already discussed for a longer time there are still some open issues to be clarified:
1. Structure of the OI:
1 bit or multiple bits indicator (granularity)? An OI is reflecting an overload for which part of the system bandwidth (granularity in frequency domain)?

2. Meaning of the OI:
How is "UL interference in own cell" determined? What should be standardized?
What is the trigger event for sending an OI? Will there be an information if the overload is gone? What are the neighbour cells receiving the OI?
What is the latency for the OI exchange? Is a time relation needed (e.g. time stamp)?
Does the OI replace a load exchange via X2 for load balancing?
3. Consequences of the OI:
What reaction is expected by the eNode B receiving the OI?
What should be standardized?
How is the case handled that multiple eNode Bs are sending OIs at the same time?

This contribution discusses these aspects and proposes to summarize the OI status after RAN1 #50 in an LS to RAN3.

2. Discussion of open issues of the overload indicator
2.1 Structure of the OI
So far it is clear that the OI should "indicate the UL interference in the own cell in a certain frequency band on a slow basis".
R1-073038 [9] is in favour of a 4-5 bit Rise over Thermal (RoT) measurement reporting via the X2 interface per considered frequency block.
Taking the Thermal as a reference was already considered problematic in the EDCH WI.
Furthermore, it is unclear in how far the receiving eNode B could benefit from this RoT.

Note:

· Tdoc [9] mentions that from RoT and an RSRP UE measurement the eNode B could estimate whether a certain UE is responsible for the overload. But RSRP alone would not be sufficient to determine what is received from this UE in the overloaded cell (this requires also DL RS TX power in the overloaded cell and UE TX power).

· Also what happens if 2 or 3 UEs are causing the RoT where do we put the limit to say a UE is causing the overload?

However, what is clear is that it cost 4-5 times more traffic on the X2 interface than a 1 bit indication per frequency block. Therefore, we prefer 1 bit per frequency block.
So far it is also open what determines the length of such a frequency block.

It is obvious that for a dynamic length allocation each overload indicator would need to include a clear identification of the frequency block which would cost extra signalling effort.

According to TR 36.803 the current relation between operating system BW and number of resource blocks (RB) is given by
	Operating system bandwidth [MHz]
	1.4*
	1.6**
	[3] or [3.2]
	5
	10
	15
	20

	Number of resource blocks
	6
	7
	[15] or [16]
	25
	50
	75
	100

	Note*: This system bandwidth is used only for FDD band

Note**: This system bandwidth is used only for TDD band 


The simplest solution would be to define that a frequency block/cluster (see also [8]) is a multiple of N RBs and to configure N network wide.

In this case the OI could be a vector of 1 bit overload indicators (one per frequency block) in which the entries of the vector are set along the frequency axis for the operating system BW.

This would avoid any further signalling of frequency relations and the length of the vector would also provide an indication of the operating system BW.
2.2 Meaning of the OI
Since the overload indicator will be signalled over the X2 interface it is necessary to clarify when an overload situation occurs.
As the OI was agreed to be related to UL interference (and not UL load) it is clear that this does not include UL data of the overloaded cell but only UL interference. So an RTWP measurement over the considered frequency block would not be appropriate as it would include data.

But by taking an RTWP measurement and subtracting corresponding signal/data power contributions of the considered cell this UL interference could be determined (unless it is possible to measure when no signal is present). By this approach the UL interference could be determined and since intra-cell interference might be neglected this calculation would allow to monitor the inter-cell interference.

Note: We don't want to mandate an exact eNode B UL interference measurement definition here but it is obvious that an OI definition has to be based on a defined eNode B measurement.
As the UL interference would be measured per frequency block and the block could be defined to be always N RBs (see section 2.1) the result would automatically be normalized.

The eNode B measurement would also have a time dimension (measurement period) and due to the delays on the X2 interface an exchange of overload indication would anyway be rather slow (>20ms, see R1-071806 [2]).

As an overload situation should not occur periodically it is assumed that the OI vector is sent event triggered (this would also reduce the signalling load on X2). However, the event is not yet defined (this could be done in RAN3 specifications).
For this purpose a threshold X could be configured so that if the eNode B measurement exceeds this threshold the event is fulfilled and an OI is sent to the neighbour cells.
Since in frequency blocks where no users are allocated (or there are only users close to the eNode B, i.e. with lower pathloss and lower TX power) the threshold could be higher than in other frequency blocks (i.e. blocks in which cell edge users have a high pathloss and TX power and a low TX power headroom), it is obvious that the threshold X must be dependent on which frequency block is considered.

Therefore it is recommended that the scheduler of each cell defines frequency block dependent UL interference thresholds X.

Note: Setting up the thresholds X could somehow indirectly lead to a clustering/grouping of cell edge users in some frequency blocks. The cell center users would be able to use all frequency blocks. As the UL interference is averaged over a time interval (measurement period) there is no strict separation, i.e. for short time periods even a cell edge user might use a frequency block which has a lower threshold.

Also the number of neighbour cells that should receive the OI needs to be clarified. For simplicity OI would be sent to all the eNode B that control a directly contiguous cell of the considered cell (so usually 3 eNode Bs).
In order to indicate also that the overload situation is over it would be beneficial to introduce a trigger event indicating that the overload is gone.
In order to avoid that X2 delays could impact the interpretation of the OI it would be useful to signal together with the OI vector a time stamp reflecting when the OI event occured (the granularity of the time stamp is ffs, SFN+subframe number could be sufficient).
Time stamp minus measurement period of the eNode B measurement determines then the time period during which the overload situation occured.

The overload indication is used for inter-cell UL power control in order to control the UL inter-cell interference. It has therefore no relation to the actual load in the cell due to traffic in this cell.
So the triggering event of an OI might also take into account the actual load situation in this cell in order to not transmit an OI if there are no real QoS problems in this cell.
Also for the purpose of load balancing a load information exchange via X2 is useful in addition to the OI. Details are ffs.
2.3 Consequences of the OI
An OI vector received by neighbour eNode Bs for certain neighbour cells needs to have a clear effect to improve the UL interference in the overloaded cell: A reduction of UL interference from UE(s) in these neighbour cells for the overloaded frequency block in the overloaded cell.
At first, the eNode B receiving an OI bit which indicates an overload should identify the most critically interfering UE(s) for the indicated frequency block.
For this purpose the eNode B knows:

· the affected frequency block (by the OI),

· the time intervall in which the overload occured (by time stamp and measurement period),

· which UEs were scheduled for this frequency and time interval (scheduler history)

in order to limit the number of UEs.

In addition the eNode B can know:

· the UE TX power or TX power headroom,
· the pathloss from UEs to the overloaded cell (DL RS TX power could be signalled from the overloaded cell to the neighbour cells together with the OI, recent RSRP reports from the UE)

in order to be able to estimate the UL interference contribution that those UEs will cost at the overloaded cell.

In order to be able to indirectly compare the interference contributions of UEs of different neighbour cells without much additional X2 signalling effort also a threshold Y could be signalled from the overloaded cells to its neighbour cells.

This threshold Y would be a limit for the UL interference contribution caused by a UE at the overloaded cell above which the neighbour cells are requested to take appropriate counter measures for UEs exceeeding the threshold Y.

With this threshold Y it could be guaranteed that the counter measures are taken for the strongest interferers among all neighbour cells and not for the strongest interferer per neighbour cell (e.g. the third strongest interferer of neighbour cell A might still cause more interference than the strongest interferer of neighbour cell B). Furthermore, the threshold Y allows the overloaded cell to weighten the importance of its overload indication and indicates to the neighbour cell how strong corresponding counter measures need to be.
Note: Whether threshold Y is the same for all overloaded frequency blocks or separate thresholds Y for each overloaded frequency block are better is ffs.
What are possible "counter measures" in order to reduce UL interference for the overloaded neighbour cell?

A simple reduction of the UL TX power for identified UEs (e.g. via a PC command) would just deteriorate their SIR and therefore their QoS. So although this is a straight forward approach it might not be the most appropriate counter measure as the call could drop.

Also a handover of most interfering UEs will not be appropriate as assuming the UE would remain at the same location it would still generate UL interference but due to a probably higher pathloss to the new cell probably at higher TX power.
More appropriate would be to allocate such an identified UE to frequency blocks which are not overloaded (known by the OI). This could lead also to a grouping of most critical interferers in the neighbour cells of the overloaded cell.
Another counter measure if this doesn't help anymore (in case of high number of users/interferers) would be to limit the data rate for most interfering UEs for the future.

Note: It is not intended to fix a certain scheduler behaviour in the eNode B (i.e. to limit the implementation freedom) but to guarantee that the OI is not ignored. So the counter measures above are just examples. Also the identification procedure of the strongest interferers will not be fixed in the standard but only the information available via X2 need to be clarified in the standard.
In practice, it could happen that an eNode B receives more than 1 OI indication from different neighbour cells. This will in general reduce the number of frequency blocks that can carry high UL interfering UEs. But it needs also be taken into account that a high interferer for cell A is not necessarily also a high interferer for cell B (due to the spacial distance).
So there is no immediate limitation for the number of OIs that can be handled for a cell.

3. Conclusion
Based on the discussion in section 2 about the open issues of the overload indicator (OI) assumed for UL inter-cell power control it is proposed to agree on the following working assumptions:
· Structure of the OI: The overload indication should be a vector of 1 bit overload indicators (e.g. 1: overload, 0: no overload) in which each overload indicator is reflecting the situation in a certain frequency cluster (see [8] for more explanation) and a cluster would be a multiple of N RBs (N could be set network wide e.g. by O&M).

· Meaning of the OI: In order to be able to define an OI based "UL interference" measurement it is proposed to introduce a corresponding eNode B measurement. The definition of the measurement is ffs.
The trigger event for sending an OI could be defined in the corresponding RAN3 X2 specification by stating that the event occurs if the eNode B measurement exceeds a threshold X (X would be frequency block dependent and set up by the scheduler). Note: Whether an OI is sent out might also depend on the load/traffic/QoS situation in this cell.
In order to indicate that the overload situation is no longer present it would be beneficial to introduce also a trigger event indicating that the overload is gone.
In order to avoid that X2 delays could impact the interpretation of the OI also a time stamp (reflecting when the OI event occured) should be sent together with the OI vector to the eNode Bs controlling the contiguous neighbour cells.
Apart from an OI via X2 interface, additional load exchange via X2 should be considered for load balancing. Details are ffs.
· Consequences of the OI:
The transmission of the OI has to lead to an improvement of the UL interference situation in the overloaded cell and therefore this has to be covered in the specifications (otherwise OI would be useless or implementations could ignore it).
Nevertheless, it is not intended to fix in the standard how this will be achieved i.e. corresponding counter measures will be left up to the eNode B implementation.

· What needs to be standardized?

· OI (in 36.213/X2 specification, worksplit ffs): structure, triggering event for on & off and that it has to lead to an improvement of the UL interference situation in the overloaded cell;
· eNode B measurement to base the OI on and corresponding threshold X to define triggering event for sending an OI;
· information linked to the OI and to be provided by overloaded cell to be exchanged via X2:

· OI time stamp

· DL RS TX power of the overloaded cell (for pathloss calculation & interferer identification)

· target threshold Y for the UL interference generated by UEs at the overloaded cell (for interferer identification and weightening the OI importance/target setting).
In order to capture these working assumptions it is proposed to inform RAN3 about the current status in a liaison statement and we would volunteer to prepare a corresponding draft LS proposal.
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