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1 Background
For Rel-10, the overall focus of RAN1 MDT discussion was targeting at poor UL coverage detection. For LTE, RAN1 recommended using the existing UE PHR measurement for MDT poor UL coverage detection purposes [1]. 
For Rel-11, the MDT work item further includes in its scope some more specific intentions and requirements. In [2], RAN2 requests feedback on whether the MDT UL measurements included in Rel-10 satisfy the needs to achieve the following additional intentions:

1. Identify areas of weak UL coverage. 

2.  Perform coverage mapping for UL, i.e. show measured UL radio performance and geographical location.

3.  For overshoot, pilot pollution, overlapping cells: identify whether UL coverage is limited by pathloss or interference conditions. 

If not, RAN2 would like to further request RAN1 to identify the additional measurements needed to fulfil the intentions and requirements listed above, and consider defining the additional measurements in the Rel-11 timeframe.  
2 Discussion
2.1 Power headroom in LTE
It is recommended in [1] the PHR measurement is used for MDT poor UL coverage detection. However, the PHR measurement is not sufficient to fulfil the intentions and requirements of UL coverage use case. To identify weak UL coverage areas, those PHR with negative values (or values close to zero as well) should be examined to find out whether the UE locations are within weak coverage areas. It is nevertheless difficult to make a good judgement, and missed detection and false alarm may often occur. For example, consider a UE that is in a weak coverage area and transmitting data with a small transport block size (TBS). The PH value reported by the UE may be non-negative due to the low transmit power required for small TBS. This leads to a missed detection. A false alarm detection happens when a UE is in a good UL coverage area and sending data with a large TBS and/or under a high interference level. The UE would need a high transmit power to maintain the communication quality, which may give rise to a negative PH value. 
Observation 1: PHR alone is not enough to satisfy the needs of detecting that the UE is experiencing weak uplink coverage.
2.2 Additional UL measurement 

The PH is an indication of the UE transmit power, which is a knowledge from the transmitter side. If the MDT server is additionally equipped with some receiver side information (e.g. the received signal power which corresponds to the UE transmit power derived from PHR), then the UL radio link quality can be assessed based on the difference between the transmit/receive powers and the distance between the UE and the serving eNB. The weak UL coverage area identification can be performed accordingly.
The second requirement of UL coverage problem confirmed by RAN2 is UL coverage mapping, i.e. showing the mapping between measured UL radio performance and geographical location. Given the receive signal quality (e.g. received signal power, received SINR, etc.) and the PH value, the highest possible UL receiving performance can be obtained by having PH = 0, meaning the UE transmits with the largest output power. For instance, consider an UE that is transmitting PUSCH on a component carrier (CC) for which the associated PH value is x dB. If the received signal strength of the PUSCH is y dBm, then the received PUSCH power is roughly x＋y dBm when the UE exhausts all the transmit power on the CC. With UL measurement on the received quality of PUSCH (i.e. the signal associated with PHR), coverage mapping is done between the UE location tagged to PHR and the peak radio performance derived according to the measured received signal quality and the PH value. 
The third requirement is to differentiate whether UL coverage is limited by pathloss or interference conditions. Suppose that the PRB indices occupied by a PUSCH are known to the MDT server. With the Received Interference Power and Thermal Noise Power measurements specified in [3], the MDT server is aware of the interference level from which the PUSCH transmission suffers, and thus it is able to discriminate between bad coverage problems due to pathloss reason and those due to high interference level.
Moreover, the interference may have an indirect relation to UE location. For LTE the UL interference will depend heavily on the principles of scheduling. For example, it will make a difference if scheduler implements intercell interference coordination (ICIC) or frequency hopping or other strategy. Further, we assume that scheduler will schedule UE according to their radio conditions, and a location has certain radio propagation character. Thus for UEs in some locations, there may be more or less problems with UL interference than others. The MDT server can explore the correlation among UE location, serving eNB, scheduled PRB indices, Received Interference Power, and Thermal Noise Power to identify the relation between UE location and the interference level which is dependent on e.g. the scheduling algorithm of the eNB, traffic patterns, ICIC mechanism, etc.
From the above analysis, the fulfilment of the intention/requirement of UL coverage use cases requires a new measurement on the received PUSCH signal quality. Preferably it is the received PUSCH signal strength or equivalent measurement (instead of SINR) for fear of duplicating the information of the interference level in both SINR and Received Interference Power measurements. Moreover, the knowledge of PUSCH PRB indices and Received Interference Power measurement help tell between UL coverage limited by pathloss and by interference conditions. Thus we have the following proposals.
Proposal 1: Introduce the definition of LTE PUSCH signal strength measurement in E-UTRAN measurement abilities for MDT UL coverage detection in Rel-11.

Proposal 2: Include PUSCH PRB indices, Received Interference Power, and Thermal Noise Power measurements for MDT UL coverage detection in Rel-11. 
2.3 Use of HII and OI for MDT UL coverage
It is proposed in a RAN1#67 submission [4] that one could consider utilizing the tools defined in Rel-8 for indicating the UL load and interference situation for uplink ICIC purposes [5], i.e. high interference indicator (HII) and overload indicator (OI). It was argued that the same metric could be exploitable also in the MDT UL coverage use case for identifying when an UE’s UL coverage limitation was related to high UL interference situation. 
The ICIC is an optional feature, and the meaning of OI and HII is vendor dependent. In our view, we do not want to create a dependency between ICIC and MDT. From technical point of view, as HII is a proactive indicator and not based on measurement, it is difficult to understand how it could be used for MDT purposes. A problem for the OI indicator is that it is left for implementation on how to implement it and what is the threshold applied to generate the indication. 

3 Conclusion

In this contribution, we evaluated whether the MDT UL measurements included in Rel-10 satisfy the needs of detecting that the UE is experiencing weak uplink coverage, and identifying whether the coverage is limited by pathloss or interference conditions. Our evaluation showed measurements included in Rel-10 are not sufficient, and we identified additional measurements and knowledge needed to fulfil the intentions and requirements listed above.  
The observation and proposals below were made:

Observation 1: PHR alone is not enough to satisfy the needs of detecting that the UE is experiencing weak uplink coverage.

Proposal 1: Introduce the definition of LTE PUSCH signal strength measurement in E-UTRAN measurement abilities for MDT UL coverage detection in Rel-11.

Proposal 2: Include PUSCH PRB indices, Received Interference Power, and Thermal Noise Power measurements for MDT UL coverage detection in Rel-11. 
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