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1. Introduction
In RAN2#77bis meeting, an LS from RAN1 was received on uplink coverage enhancement: 
“For E-UTRA, the RSRP and PH reports by the UE are already available for MDT. In order to identify weak uplink coverage and its causes, RAN1 suggests using the Received Interference Power measurement defined in TS36.214 and TS36.133 together with RSRP and PH reports as well as an uplink throughput report from upper-layer. Other existing measurements/information, including e.g. OI and HII, are highly dependent on implementation. Therefore it is not feasible to transmit them to the MDT server.”
After discussion on RAN2#77bis, an agreement was reached for LTE [1]: 
“We include the Received Interference Power measurement defined in TS36.214 and TS36.133 into MDT measurement for LTE. (FFS whether/how we need to average the RIP before providing it as log)”
In this contribution, we discuss the measurements for weak uplink coverage identification for LTE, and the FFS in the last meeting, i.e. whether/how we need to average the RIP before providing it as log. 
2. Discussion
In our views, there are 2 main cases of weak uplink coverage: 
· Case 1: asymmetry in the uplink and downlink coverage. UE has acceptable downlink quality, while its uplink transmission power has reached the maximum value; 
· Case 2: strong interference occurs in certain areas in the uplink coverage. The eNB suffers strong interference when detecting the uplink transmission. 
In case 1, the existing RSRP reports for MDT could be used by the TCE to decide the UE’s downlink quality, which reflects the situation of downlink coverage. At the same tine, the PHR reports from this UE could be used by the TCE to decide whether the UE’s current uplink transmission power has reached its maximum transmission power. 
The PH for a Type 1 report is computed using [2]:
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i and serving cell 
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 is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell 
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It can be seen that the PH reported by the UE is related to the nominal PUSCH power in the TTI, which is related to the PRB number and the MCS of the PUSCH. In order for the TCE to eliminate the impact of the PRB number and the MCS of the PUSCH on the nominal PUSCH power, uplink throughput reports from upper-layer are reported to the TCE as well, as suggested by RAN1 LS. However, the uplink throughput are the average throughput in a measurement period instead of the throughput in this TTI. Furthermore, it is calculated in the upper-layer, which has no knowledge on the data transmitted in the physical layer. Thus, the TCE might not connect the uplink throughput reports from upper-layer to the PH reported by the UE in this TTI. In the last meeting, it is proposed to change the PH into a new parameter (PUSCH power per PRB) in eNB before reported to the TCE [3], and also it is commented that a L1 bit rate achieved in one subframe could be alternatively discussed. 
In our opinion, there may be multiple combinations of PRB number and MCS for a certain L1 bit rate, depending on the channel quality. The L1 bit rate in one subframe might only partially reveal the effect of PRB number and MCS on the nominal PUSCH power. Moreover, the nominal PUSCH power might be higher than Pcmax,c, while the L1 bit rate in one subframe reflects the real PUSCH power. In this case, the TCE would receive the combination of the negative PH and the L1 bit rate for the real PUSCH power in this subframe. The decision of the TCE for the uplink coverage might be inaccurate. 
In addition, the Pcmax,c used by the UE may change subframe by subframe due to the MPR/A-MPR/P-MPR change. So it may be inaccurate for the TCE to consider other Pcmax,c equals to the Pcmax,c included in the PHR in one TTI. 
According to TS 36.101[4], MPR is related to MCS and PRB number of the PUSCH, and the A-MPR is related to the PRB number of the PUSCH. So we assume that MCS and PRB number are useful for the MPR/A-MPR estimation in the TCE. The impact of P-MPR is under control, since if the change of P-MPR is higher than a certain threshold, PHR will be triggered, which will indicate current Pcmax,c to the TCE. 
We assume that if the MCS and the PRB number of the nominal PUSCH transmitted in the TTI is provide together with the PHR to the TCE, the TCE will estimate UE’s uplink transmission power more accurately. So we propose that when a PHR is reported, the eNB should provide the PRB number and the MCS of the PUSCH in the TTI together with the PHR in this TTI to the TCE for LTE. 
Proposal 1: when a PHR is reported, the eNB should provide the PRB number and the MCS of the PUSCH transmitted in the TTI together with the PHR in this TTI to the TCE for LTE.
In case 2, the RIP measurement performed by the eNB may be used to identify the uplink received interference power, including thermal noise, according TS 36.214 [5]. The PHR from the UE would indirectly reflect the uplink interference it suffers. The TCE could combine the RIP reports and the PH reports to decide the interference in the uplink in certain areas. 

According to the RIP definition in TS 36.214, the eNB will measure the RIP for each PRB in the uplink in the cell. According to TS 36.133 [6], the measurement period for RIP shall be 100 ms, and it has 512 possible reported values. Thus 9 bits is needed for indicating the RIP for each PRB in 100 ms. The RIP log size depends on the uplink bandwidth of the cell. In 100ms, maximum 9*110 = 990 bits are needed for 110 PRBs in 20MHz uplink cell bandwidth, and minimum 9*6 = 54 bits are needed for 6 PRBs in 1.4MHz uplink cell bandwidth. It can be seen that whether the RIP need to be averaged depends on the uplink bandwidth of the cell.
Proposal 2: Whether the RIP need to be averaged depends on the uplink bandwidth of the cell.

There are some options for averaging the RIP measurement: 
· Option 1: average the RIP measurement in time, i.e. increase the RIP logging period (e.g. 1s). The logged RIP value can be equal to the average RIP in this logging period, or measurement filtering similar to the UE RRC L3 filtering could be used. 

· Option 2: average the RIP measurement in frequency, i.e. average the RIP measurements from a group of PRBs, and log the resulted RIP. In this option, the RIP logging is for a group of PRBs in stead of one PRB.
· Option 3: the RIP logging period is equal to the RIP measurement period, and the RIP logging is still for one PRB, but only the RIPs that are higher than a certain threshold together with their corresponding PRB indices are logged. 
From the accuracy and timeliness point of view, we assume that option 3 is better. 
Proposal 3: Only the RIP measurement results that are higher than a certain threshold together with their corresponding PRB indices are provided to the TCE. 
3. Conclusion

This contribution discusses the measurements for weak uplink coverage identification for LTE, and whether/how we need to average the RIP before providing it as log. We have the following proposals: 
Proposal 1: when a PHR is reported, the eNB should provide the PRB number and the MCS of the PUSCH transmitted in the TTI together with the PHR in this TTI to the TCE for LTE.
Proposal 2: Whether the RIP need to be averaged depends on the uplink bandwidth of the cell.

Proposal 3: Only the RIP measurement results that are higher than a certain threshold together with their corresponding PRB indices are provided to the TCE.
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