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1. Introduction

In all Inter cell Interference Coordination scheduling, it is essential to know from which cells users get interference or on which cells users interfere together with an information on the strength of this influence. This problem is the same for UL and DL. In order to support ICIC in the standard a High Interference Indicator (HII) which can be used in combination with the overload indicator (OI) has been defined for UL ICIC . For DL ICIC RAN1 has decided to standardize a Relative Narrow-band TX Power Indicator (RNTPI). So as described in [2] it is essential to distinguish between users in the inner part of the cell, with low probability to get interference from neighbouring cells or to interfere neighbouring cells, and cell edge users, with high probability to get interference from neighbouring cells or to interfere neighbouring cells. 
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Figure 1: DL pathloss (RSRP) measurement for ICIC also necessary in pink coloured ring. 
The DL pathloss measurement as depicted in Figure 1 (including pathloss+shadowing) will be used for this purpose. 
This kind of information is already provided to the system with the RSRP reporting for handover purposes. However as shown in Figure 1 the pathloss information for ICIC scheduling is already needed for UEs more in the interior of the cell. So it is not only needed in the light red border area but also in the more inward pink border ring depicted in Figure 1 where it would not yet be needed  for HO purposes. 
So the triggering thresholds for RSRP reporting will need to be set accordingly different so that already weaker interferers (corresponding to lower RSRP) are reported leading to a reporting in the depicted ring. As an example a usual setting could be that interferers 6 dB below the serving cell would be reported.
2. Reporting trigger for RSRP reporting

This would mean a considerable higher reporting load. Now in order to avoid too often reporting from all users, RAN 1 has decided to introduce an additional trigger for ICIC purpose that takes also a valid grant in UL or DL into account. 
The RSRP values can thus be classified. In case of equal pilot power and eNodeB power values between the eNodeBs  the value 
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 would give the serving cell strength. So as depicted in Figure 2 we can distinguish two regions for an interfering RSRP.
[image: image3.png]



Figure 2: Two regions for interfering RSRP compared to serving cell strength 
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In the upper region up to e.g. 3 dB below the serving cell strength an interfering RSRP, that is 
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 would need to trigger immediately a report for an RRC connected UE independently of a grant or buffer status. In the lower region with e.g. 
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 from 3 to 6 dB below the serving cell strength we propose to have additional required trigger criterions.
2.1. Additional criterions

For each interfering cell in this (blue) region a high level description of a behavior could be: 
· In case of an uplink grant the RSRP reporting procedure is triggered immediately and the message can most often be sent as part of the uplink transmission. (This part may also be tied to full UL buffer status additionally)

· In case of a downlink grant a configurable timer is started to give the time until the RSRP reporting procedure is started the latest (leading finally to a scheduling request SR). 

· If an uplink grant occurs in between before the timer has elapsed the RSRP reporting procedure is triggered immediately and the timer is released this way (UL grant overrides).
3. Understanding the RAN1 requirements

The LS from RAN1 [2] mentioned the possibility to link the measurement report to buffer status and DL or UL grant.  And to use a timer based trigger in the case of only DL grant.
At high level, the fundamental motivation can be understood as follows:  UEs with thresholds in the blue region shown in Figure 1 which is involved in active communication should provide RSRP measurement reports periodically for ICIC.   The activity is captured by the use of UL or DL grants and maybe a buffer status. This reduces the reporting in the cell only to interesting UEs where the scheduling can benefit from the RSRP information.
Then in an attempt to reduce the overhead of these measurement reports, RAN1 further suggested that these reports need only be sent when the UE already has an UL grant (thereby avoiding requesting a grant just for ICIC reports themselves).  Here RAN1 seem to assume that the measurement report can be included with the current UL grant without generating additional UL traffic. 

These reduces additional UL traffic to the cases where there is already UL traffic or for DL ICIC to cases where UL traffic has not occurred for a longer time after a DL grant .
However since then there is a possibility that there might not be any other data requesting UL grant for a long time, an additional timer mechanism is proposed to ensure that a report is generated. 
3.1. RAN2 requirements
From RAN2 point of view, the requirements can be seen as using UL-, DL-grant and may be Buffer status to denote UE activity to “trigger the start and stop of” measurement reporting.  
In addition, UL grant is another criteria to consider before generating and sending a measurement report.  RAN2 needs to discuss and agree if measurement reports can be generated after receipt of the UL grant to be included with the UL transmission and no additional UL traffic is needed.   Firstly, is it possible to generate a report and process it through the layers to be sent in time for the UL transmission.  Secondly, what impact will the measurement report sent over the highest priority logical channel have on the other DRBs for which this grant was originally intended (can eNB be expected to do some clever scheduling to provide additional resources for the reports?). 
RAN1 expects the need for another timer to generate a report if there is no UL grant for a long period.  This is needed if the measurement report is triggered only with an UL grant.  If instead RAN2 feels that generating a report after receipt of a UL grant is not possible, a periodic reporting model can be used with these reports once generated being treated as another RRC message for buffer status reporting and transmission.  

Further, if these measurement reports are used allowed to generate buffer status reports, then care must be taken that once these reports are triggered after an activity, these measurement themselves don’t constitute “activity” thereby triggering further reports. 
Additionally, a timer must be used to limit the reports to a certain periodicity during continuous UE activity (UL grant more frequent than reporting periodicity requirement).  

There are two possibilities at a high level for the reporting – RRC based or MAC based.  These are discussed further below.

3.1.1. RRC based Measurement reports

If RRC generates measurement reports, then there are several options to model these.  Tdoc [5] mentioned the interaction between MAC and RRC to trigger the reporting activity.  

Further, there is a need for a timer to limit reports after the initial trigger.  This timer could be in MAC or RRC.  For it to be in MAC, as MAC is not aware which of the RRC message is the Measurement report, it has to blindly assume that RRC generated a report every time it requested one.  The advantage of running this in MAC is associated with the stopping of report as discussed later.  The model then is that RRC generates the measurement reports only when requested by MAC.
The timer for the trigger in the absence of UL grant (but existing DL grant) if needed could again be in MAC or RRC. Essentially, this is a max period timer after which a report is triggered irrespective of the UL grant.   Potentially this timer could even be the same as the “limiting” timer.
Further, there is a need to stop the measurement reporting when there is no user activity.   Since MAC triggered the reporting on activity, it should be MAC that also triggers a stop of the reporting.  However, as mentioned earlier, care must be taken that the measurement report itself does not prevent the MAC from stopping the reporting.  For this, it would be necessary for MAC to know when the Measurement reports are sent so it can identify if the only message it is carrying are the measurement reports.  
Another point to consider is that the report when generated must be up to date.  If the measurement is generated in “real time” after the UL grant is received, then the report can be expected to be up to date. However, if the model used is that the report is created in advance (say with a periodic timer in RRC), then additional mechanism are needed to ensure the validity of the report.
Discarding by MAC
One possibility would have been to use Event triggered periodic where the event is both RSSP threshold and a trigger from MAC with periodic reporting generated by RRC.  If there is no UL grant, MAC could simply discard these reports.  It would be difficult to identify these messages if they are carried in SRB1 and hence would need to be modeled in a new SRB as mentioned in [5].   But more importantly, we need to ensure PDCP doesn't get out of sync if RRC messages are dropped by MAC.  Further unless the UL grant and the RRC reporting interval are synchronised, the data can be out of date.  Hence this is not considered a viable solution as is.

3.1.2. MAC based measurement reports
Another option would have been to use MAC (as MAC control Element) for these reporting.   This will allow almost all the functionality to reside in one layer apart from the RSRP threshold and also make specification work easier since this functionality can be almost contained within the MAC specification.   
Of course, all the configuration such as minimum and maximum periodicity of reporting would be done by RRC.   Depending on implementations, MAC will need to obtain the value to report from L1 or RRC.

Absence of security for such reports also need to be discussed.

3.2. What should be specified

While a lot of these are modeling issues, it is important to have a predictable and testable behaviour by the UE.  Hence, while we should minimize specifying internal interaction between layers in a UE, we should still ensure we capture whatever is required to have a predictable external behaviour that meets the reporting requirements and can be controlled by the network.  

Even specifying the external behaviour could be quite complex and then there is the issue on which specification (MAC and RRC) captures what.

4. Conclusion

ICIC scheduling needs measurements. In order to give a possibility to reduce the reporting load as proposed by RAN1 additional trigger criterions are foreseen. But this introduces some interaction between MAC and RRC that is not simple or clean.    Tdoc [5] already provided some details of the interactions for the different solution options.  

This document brings some additional factors to consider on the interactions between RRC and MAC if Measurement reporting is done in RRC.     
A MAC based reporting option is also captured in the document.

It is envisaged that RAN2 discusses the criterions further and decide on which option to follow.  Some issues for further RAN2 discussion mentioned above are:
· To discuss and agree if measurement reports can be generated after receipt of the UL grant to be included with the UL transmission and no additional UL traffic is needed.

· Need for a timer to generate a report if there is no UL grant for a long period (related to above bullet).

· Means to stop reporting when the user is inactive and how to prevent these reports themselves constituting “activity” thereby triggering further reports.

· The need for a timer to be used to limit the reports to a certain periodicity during continuous UE activity (UL grant more frequent than reporting periodicity requirement).

· Means to ensure that the report is up-to-date. 

· Possibility of using a MAC control element for this reporting.    Then is security an issue?
· Ensure that the UE behaviour can be configured by the network and that is testable.
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