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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 on how much interference it contributes with to the neighboring cells in the UL and how much the TX power can be reduced for the benefit of DL ICIC.  Handover path loss measurements, e.g RSRP, are essential for all UL ICIC schemes that have been discussed in 3GPP. A UE that is near the cell border, i.e. far from its serving eNB will need to transmit with higher power than a UE close to the eNB at the same time it will also be close to the neighboring cell and therefore contribute more to inter-cell interference than a UE close to the cell center. Users in the cell center can transmit on any resources without disturbing the neighbor cells very much. However, for the cell edge users the situation is different. There it has been shown that it can be beneficial that neighboring cells schedules their cell edge users on different frequency resources to avoid collisions between their transmissions, which would result in a decreased SINR and a lower throughput for those users. In order to able to do that it is necessary for the eNB to in due time find out when its UEs are approaching a neighboring cell. Furthermore, evaluation has shown that it is beneficial to identify UEs for ICIC before it is typically necessary to do so for HO purposes. By simply increasing the HO trigger to a suitable level for ICIC RSRP reporting, unnecessary reporting causing shorter UE battery life and unnecessary radio interface load. 
Therefore, RAN1 has in meeting #52bis decided on a way forward [1] introducing an additional RSRP trigger for ICIC purposes. In this paper below this UE measurement, measurement control and reporting is discussed in more detail leading to some conclusions and a suggestion for RAN2.
In RAN1 discussion it was also 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. This way the reporting frequency will be limited in comparison to an unrelated additional trigger.
Furthermore, 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) and is now in the process of setting the details. 

2. Discussion

The handover reports are expected to be threshold triggered. These thresholds will not be the same as for ICIC; a scenario using a threshold of e.g. 6dB to weaker neighbor compared to a handover that typically has a threshold at 1-3dB to stronger neighbor would infer a large population (> 50%) of the cell UEs in triggering conditions. It is probable that frequent triggering would increase the signaling load and UE activity. Since the measurement for ICIC does not require immediate reporting and updating as compared to the HO event triggers (comp HO failure) and considering UE battery aspects it is important to limit the reporting frequency. In RAN1 it has been concluded that the reporting could be limited to instances were the UE is actually scheduled and dependent on buffer status. 

If we consider active UEs at cell edge, one could assume that they would typically have a high probably of fulfilling all the criteria of the RSRP trigger and non empty buffer. One could also assume that at cell edge, users would spend longer time emptying the buffer. Since in addition, the triggering criteria is much less compared with handover measurement/triggers, this would also imply a high likelihood of an outer area, not only cell edge, with potentionally a large number of UE frequently triggering the RSRP report.  In view of this, other enhancements could be mandated in order to limit the reporting.

Since the time when the path loss estimates for ICIC shall be available in eNodeB is when typically scheduling a larger amount of resource blocks, which then can cause significant interference. A suitable triggering for the report could thus be at the same time as the buffer status is reported (BSR). The ICIC reporting tied to instances where the UE has a valid grant and to the BSR reporting would thus limit the reporting instances further. One could assume, since the triggering of the BSR and the RSRP have very different triggers; that tying them is suboptimal, but since it has been indicated that the triggered RSRP report not necessary need to be transmitted immediately, it seems it should work very well. 
2.1.1 Alternatives for consideration:

In RAN2, and 36.331, it is rather clear what general functions RRC provide in terms of measurement configuration and control. In fact, for the hand-over like measurements that are considered for ICIC (e.g. RSRP), one could in general say most functions are in place. However, the interlayer (MAC-RRC) functions needed require new attention. Consider the following draft alternatives:
For any case the following should apply:
· Measurement configuration and control is handled by RRC 

· BSR (Grants and buffer supervision) is handled by MAC.

Note that the alternative is not compelling - either expand MAC with duplicate function(s) of measurement configuration/control. - or add RRC awareness of buffers, grants and BSR triggers - to mention a few.

The following alternatives could be envisioned (while on detail level not comprehensive):
1) MAC reporting (BSR dependency):

- If RSRP below configured level then MAC is notified by RRC
- When BSR is triggered RRC is polled for a RSRP measurement 

- the measurement report is sent with the BSR in the UL transmission in the MAC header 
It is assumed that a “fresh” RSRP measurement is sent with the BSR when transmitted.
- RSRP above configured level then MAC is notified by RRC.
2a) RRC reporting (BSR/Grant Dependency):

 -
Measurement reporting done in RRC manner (events)


-  If RSRP below configured level then MAC is notified
- When a buffer status report is triggered MAC notifies RRC
- ICIC measurement delivered to MAC (RRC message) and transmitted with BSR 

2b) RRC reporting (valid grant and non empty buffer)


- Measurement reporting done in RRC manner (events)


- If RSRP below configured level then MAC is notified.

- When MAC has data available for transmission with a valid grant, RRC is notified


- RRC delivers the RRC message to MAC and is transmitted at the first available instance with a valid grant 
3) RRC reporting, new Signaling Radio Bearer


- If RSRP below configured level 


- Measurement is delivered to MAC on SRBx 

- SRBx does not trigger BSR/SR but may be transmitted with any other RB (or similar)

4) The RSRP is combined with a RSRQ (or similar) event which limits the reporting frequency. No special treatment in MAC.
Note that the above is draft solutions for discussion and is not aimed for being comprehensive solutions.
3. Conclusion

It is proposed that RAN2 discusses different alternatives and conclude on ICIC measurements and reporting.
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