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1. Introduction 

To support efficient Inter-Cell Interference Coordination (ICIC) UE measurement and reporting is needed since the radio position of the UE:s have a significant impact.  Handover path loss measurements are widely accepted to be useful for a variety of schemes ‎[2]‎[3]

 REF _Ref167761567 \r \h 
‎[4]

 REF _Ref167762715 \r \h 
‎[5]. The overload indicator for uplink inter-cell power control is one ICIC scheme. In RAN1 meeting #48bis it was decided that a working assumption for uplink inter-cell power control is: “Neighbouring eNB can control individual UEs served by that eNB through it’s scheduler based on OI and available knowledge (e.g. path loss obtained from normal handover measurements)” ‎[1]. In this paper this UE measurement and reporting is discussed in more detail leading to some conclusions and a suggestion.
It is expected that the handover measurements are sufficient for ICIC while the reporting will not be. It is suggested that the latest RSRP measured to connected and neighboring cells are reported in the first scheduled uplink resource block at the same time as the uplink buffer status is reported.

2. Expected Framework
2.1. Handover Measurement and Reporting

Objectives for handover measurements and reporting are:

· good radio channel quality estimation, to be able to select the best cell

· short delay from entering a new cell to reported

· limited reporting rate
It is expected that the E-UTRA specification will have similar characteristics as UTRA regarding: 

· pilot measuring of both signal strength Reference Signal Received Power (RSRP) and quality Reference Signal Received Quality (RSRQ) ‎[7]
· reporting from UE based on thresholds including hysteresis
2.2. Uplink Scheduling Procedure

Uplink scheduling for a transmission of a larger amount of data will be performed in two phases: 

1. The UE sends a scheduling request to send with limited information (1 bit) ‎[9].

2. eNodeB schedules a limited amount of resource blocks (1-2) to not waste resources.
3. The UE sends a more detailed buffer report along with the first uplink data.

4. eNodeB can based on the improved knowledge schedule a larger amount of resource blocks if desired.
2.3. Uplink Power Control

The current working assumption on power control for uplink data is a closed loop around an open loop and that PSD is controlled ‎[6]. Since there is an open loop component the used power is not known in eNodeB. It is expected that a transmitted power (power headroom) report from the UE will be specified ‎[8]. This information should preferable be available in eNodeB when scheduling a larger amount of resource blocks in the same TTI, that is at step 4 in the example in section ‎2.2.
3. Discussion

For uplink ICIC the UE:s ‘radio position’ relatively neighboring cells is essential. The ‘radio position’ is the path loss to connected and neighboring cells. This is illustrated in the simple example in Figure 1. Three UE:s  are connected to eNB1 (eNodeB). To coordinate with the eNB2 the caused interference must be predicted. This can to some extend be done based on path loss to own cell only since there is a negative correlation between path loss to own cell and path loss to neighboring cells, UE1 will cause less interference to eNB2 than UE2. But a measure on the path loss to neighboring cell improves significantly the estimate, UE3 will cause less interference than UE2 even though the path loss to eNB1 is the same. The path loss to neighboring cells only is not either enough since uplink power control is applied, UE3 will cause more interference than UE1 even though the path loss to eNB2 is the same since UE3 uses more power.


[image: image1]
Figure 1 Uplink interference example

The path loss can be estimated based on RSRP in combination with reference signal power. A suitable measure to report is the RSRP used for handover ‎[7]. Since this measure also includes own cell RSRP the used power can then be calculated enabling a good estimation of caused interference in combination with neighboring cell RSRP. In ‎[2] it was found that the path loss difference between own and neighboring cell was a good measure without making use of the transmitted power. 
The handover reports are expected to be threshold triggered. This thresholds will not be the same as for ICIC, in [2] a threshold of 6dB weaker neighbor was used while handover typically has a threshold at 1-3dB stronger neighbor. Furthermore are sorting algorithms an attractive ICIC alternative selecting the UE:s in some caused interference order. In [2] such an algorithm showed best results. Sorting will require a more continuous measure and thresholds are then less suitable. 

The time when the path loss estimates for ICIC shall be available in eNodeB is when scheduling a larger amount of resource blocks which can cause significant interference, which is at step 4 in section‎2.2. A suitable triggering for the report is at the same time as the buffer status is reported (in step 3).

4. Conclusion

For uplink ICIC it is desirable with a measure:

· enabling relative path gain estimation, such as RSRP
· that is continuous and not triggered on a few thresholds, enabling ‘sorting’ algorithms 

· available at the same time as the buffer status in eNodeB, when a large amount of resource blocks may be scheduled

The handover reporting has different objectives so additional reporting criteria for ICIC is needed.  
To send a RSRP handover measurement report in the first uplink scheduled resource block at the same time as the buffer status is report is a good alternative enabling ICIC scheduling for the coming TTI:s which depending on UE buffer state can be "wider" (more RB:s/TTI). 
In UTRA there is a similar UL scheduling information ‎[10]: “Serving and Neighbour Cell Pathloss (SNPL): This may be used by the Node-B to assist with its estimation of the degree of intercell interference each UE will generate and hence the absolute grant power value and physical resources to assign.”

5. Suggestion

 A UE report containing the latest RSRP handover measures from connected and neighboring cells is sent in the first available scheduled uplink resource block according on parameterized rules.

Appendix A contains an example of a text proposal for a MAC report.
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Appendix A – Text Proposal Example
Start of text proposal for MAC TS ‎[9], section 5.3.5
---------------------------------------------------------------------------------------------------------------------------------------

5.3.5
Scheduling Information reporting
…

5.3.5.x
Uplink Inter-Cell Interference Coordination reporting

This may be used by the eNodeB to assist with its estimation of the degree of intercell interference each UE will generate and hence the power and resource block to assign. The information is sent via the UL-SCH in the MAC header when the UE is granted resource for other purposes, thus no specific scheduling request shall be issued for this report only.

This scheduling information consists of:

-
serving cell Reference Signal Received Power (RSRP)

-
neighbor cell measurements, consists of:


-
Reference Signal Received Power (RSRP)


-
cell identity

Only neighbor cell measurements for cells with a RSRP within A dB below serving cell shall be reported.

The report is not sent if:

-
there is less data in uplink buffer than can fills B number of resource blocks with the scheduled format

or

-
a previous report was sent to the same eNodeB within C seconds and no RSRP value has changed more than D dB compared to when latest reported 

(A, B, C and D are parameters for further study).

---------------------------------------------------------------------------------------------------------------------------------------

End of text proposal for MAC TS ‎[9], section 5.3.5
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