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Discussion and decision
1
Introduction
RAN2#67bis agreement was to focus on coverage optimization in the MDT study item. There are two measurement triggers that can be used for DL coverage optimization: “Periodic DL pilot measurement” and “Serving cell becomes worse than threshold”. Even if the DL coverage was verified, there may still exist potential issues in the UL direction. For this, there is the “Power headroom becomes less than threshold” – measurement trigger to collect data for UL coverage verification.

This paper discusses the UL optimization in general and what aspects may influence the UL performance. The paper provides also results for other approaches than the UE reported measurement data – only. As conclusions, it looks that the eNB involvement would be beneficial and using the results only collected from the UE do not provide sufficient information to identify and distinguish the origin of the UL problem
2
Discussion
Earlier RAN contributions [1] and [2] proposed an idea where UEs transmission power headroom together with the downlink coverage measurements (RSRP and RSRQ with location info) would be used for the uplink coverage problem detection. It is true that this information can be used in some extend to estimate the uplink coverage. However, there are certain problems and ambiguous issues which should be discussed in more details.
· Definition for power headroom.

· Possible problems with PHR event based UE measurements.

Power headroom (PH) in 36.213 is defined as the difference between the maximum allowable transmission power and the used transmission power for the whole allocations size. The latter term depends on the mobiles path loss conditions which sets the available power per physical resource block (PRB) and the number of allocated PRBs. Therefore, mobiles may use all available transmission power in the vicinity of the eNB if the scheduled allocation size is wide enough. This could lead to a situation where PH triggers in locations which are not close to the outage. For coverage optimization sense, the headroom between the maximum transmission power and power per PRB seems more illustrative. Therefore, locations where mobiles are forced to allocate all available power to a single PRB indicates the locations where true coverage problems exist.

The main concerns regarding the PH triggered UE measurements are number of false triggers and how reliable information UEs have. Two sources for triggering PH event in false conditions are the definition for PH and power control settings for uplink. Even if the PH was defined to be based on the power per PRB, it may cause false alarms in cases where power control settings are misconfigured. Too large P0 triggers PH too early and too small P0 triggers PH too late causing coverage problems in the uplink. Therefore, a true coverage problem is present when the mobile is using all available power for a single PRB and the reception level of the PRB is below the eNBs sensitivity level for the most robust MCS.

How reliable estimates of the uplink coverage can be made with UE reported data based on PH events? The UE would report downlink coverage (RSRPs) and location info together with the used power per PRB which can be used to estimate the downlink path losses and uplink received power levels. However, it is evident that eNB would be able to do this too. After all, the true uplink outage exist when the received power levels at the eNB end falls below the sensitivity levels and not necessarily in cases when UEs are transmitting with the maximum power. The eNB can measure the RXP levels accurately it has also information about several other uplink performance related parameters which would be beneficial for UL optimization.
The study that has been carried out for uplink evaluation, has been performed using a fully dynamic time driven system simulator which simulates UL and DL directions simultaneously with a symbol resolution. UE mobility and handover process is modelled including also Radio Link Failure processes and cell re-selections.
2.1 Simulation scenario
A synthetic heterogeneous (non-regular) network setup called ‘Springwald’ was used in the simulative studies. For uplink studies, the power control settings were optimized based on the cell sizes and 95 percentile pathloss criterion. The P0 was set to a cell specific value varying between -54 dBm and -63 dBm and alpha was set to a constant 0.6. In the simulations, the cell number 8 was first misconfigured by setting the P0 to -70 dBm which is too small value. This could occur in practise, if the model for path loss predictions used with the radio network planning tool was too optimistic for example. If P0 is set to too small value, UEs are forced to use too little TX power per PRB, but on the other hand, users are able to allocate more resources.
To evaluate the behaviour for the outage detection, three threshold based events were defined and studied. The TXP threshold (set to 23 dBm per PRB), the RXP threshold (-119 dBm per PRB) and the SINR threshold (-3 dB) were used as triggers. At the eNB, if the 1 second measured average value was smaller than the corresponding threshold value then the eNB triggered an event.  
2.2 Simulation results

The amount of events triggered by TXP, RXP and SINR thresholds with and without misconfigured eNB number 8 are shown in Figure 1-4, respectively. In Figure 1, the TXP event is triggered based on UEs total transmission power per whole allocation size. Because the number of allocated PRBs varies quite much, TXP may trigger too often and also in locations which are not in outage. In Figure 2, the TXP event is triggered based on the UEs transmission power per PRB which do not trigger that often but is still a better indicator for the outage problems than the trigger based on whole allocation size. The problem with the TXP based triggering is that it requires properly adjusted power control parameters. The received signal power and signal-to-interference statistics are shown in Figure 5 and Figure 6.
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Figure 1. eNB specific TXP events per allocation size.
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Figure 2. eNB specific TXP events per PRB.
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Figure 3. eNB specific RXP events.
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Figure 4. eNB specific SINR events.
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Figure 5. RXP statistics for eNB 8.
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Figure 6. SINR statistics for eNB 8.


Analysis from the amount of events per eNB results:

· In Figure 1, the likelihood to trigger the TXP event is much higher compared to the Figure 2, where the event is triggered based on the power per PRB. In both cases, there are users in an uplink outage due to the misconfigured P0 in cell 8. In both cases the TXP event based triggering was not able to detect this.

· The transmission power event does not seem to be the best indicator for the coverage problems in this case. All cells are rather small in size and there should not be many coverage limited UEs. However, there is clearly a coverage problem in cell 8 based on the received power level statistics. In Figure 5, the green curve indicates the received power level per PRB to be a rather low for a big fraction of users. Due to the P0 misconfiguration, TXP triggering is not able to detect this. On the other hand, as there are no TXP events, one can make a conclusion that either there’s no coverage problem as mobiles do not need to use all TXP power or one has misconfigured the P0.    
· In Figures 3 and 4, both RXP and SINR triggers were able to detect uplink problem at eNB 8. This indicates that RXP levels for most of the mobiles were below -119 dBm per PRB and signal-to-interference ratios were worse than -3 dB which can be observed in Figure 5 and Figure 6.
2.2 Discussion on the simulation results

The evaluations indicate that the usage of PH trigger and related TxP reporting may not provide sufficient information to identify and solve possible UL problems. The eNB measured RXP and SINR would be essential information when trying to solve the UL problems. The trigger could also be at the eNB side based on thresholds either for measured RXP or SINR values which would be a simpler option for the UE but still providing means for UL optimization. Naturally, in addition to observed when received RXP and SINR values are under predefined threshold the eNB can provide statistical results in e.g. histogram format, on observed RXP and SINR values from certain cell. 
3
Conclusion
This paper has provided technical background for possible options for UL coverage optimization and what kind of information would be useful for UL optimization. As the conclusion we could say that current definition for measurement trigger and reporting for UL coverage optimization would provide some useful information but would not solve the whole UL optimization problem because reported data may not provide information to distinguish the origin of the UL problem.
Secondly, it seems evident that the PH threshold without taking into account the resource allocation will not be an optimum trigger and would result in unnecessary reporting depending on the instantaneous PRB allocation.

Finally, the simulations results confirm that RXP and SINR measurement performed at eNB are suitable for UL optimisation.
Proposal: RAN2 to take into account the results and observations made on UL coverage optimization presented in this paper while defining the measurements for this particular use case.
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