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1 Introduction

In 3GPP RAN1 #67, the UL measurements and information for MDT uplink coverage use case were analyzed in several contributions in response to a request from RAN2. In this contribution, some further analysis will be provided and a draft response to RAN2 is proposed. 
2 Analysis of Uplink Coverage and Related Measurements
In R1-113624 (R2-115642), RAN2 requested feedback from RAN1 on 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. If not, RAN2 further requested that RAN1 identify the additional measurements needed to fulfil the intentions and requirements listed above, and consider defining (if necessary and feasible) the additional measurements in the Rel-11 timeframe.

2.1 Discussion for E-UTRA

It has been achieved as a consensus in RAN1 contributions [3][4][5] that, although Power Headroom (PH) report provides necessary information for UL coverage identification, more information is needed to determine the root cause for UL coverage limitation. Specifically, contribution [4] pointed out that there are various causes for UL coverage limitation, and the relationships between these causes and UL measurements are rather complicated, due to a) UL power control; b) UL ICIC; c) UL resource allocation, and d) the interactions among them. Therefore, relevant information on a)-d) may need to be reported and utilized by the MDT server to identify the cause(s) for UL coverage limitation. To this purpose, several measurements/information were proposed in [3][4][5], including OI, HII, IoT, TF, RSRP, Received PUSCH Signal Strength, PRB indices, Received Interference Power, and Thermal Noise Power:
· RSRP defined in TS 36.214 which is used to derive pathloss
· Received interference power defined in TS 36.214

· Thermal noise power defined in TS 36.214

· Transmission format (TF) such as allocated bandwidth and MCS level for PUSCH transmissions, and transmission format(s) for PUCCH
· UL Interference Overload Indication (OI) in TS 36.423

· UL High Interference Indication (HII) in TS 36.423

· Received PUSCH Signal Strength as proposed in [3]
· PRB indices as proposed in [3] which may be incorporated in TF
All this information is available or can be measured at the eNB. Proper processing of the information at the eNB could reveal the cause(s) for uplink coverage issue, and no new UE measurements for UL coverage identification purpose should be needed. However, as mentioned in a previous LS response R1-111118 (R2-111780), the details of these internal measurements/information are typically implementation dependent and are used for the purposes of UL power control and scheduling, and hence their usefulness can be comprised if they are used out of context by the MDT server. Furthermore, each situation may require different types of measurements and information. Some examples are shown in the following table. 
Table 1 Uplink coverage situations (for PUSCH or PUCCH) and related measurements/information
	Situation
	PH
	IoT/OI/HII
	SIR
	TF
	PL/RSRP
	Rx PUSCH Power

	PL too large
	Very small or negative PH
	Relatively low
	Low
	Low
	Large
	Low

	Severe IoT
	Small
	High or large variation
	Low or large variation
	Low
	Not too large
	Not too low

	TF mismatch
	-
	-
	Relatively low
	Relatively high
	Not too large
	Large variation

	Mixture
	FFS


Note that PUSCH and PUCCH frequency regimes may have different levels of IoT, different PH, and different Received Signal Power. Therefore the PRB indices or the allocated bandwidth information contained in TF should be used.

The ongoing Rel-11 studies in RAN1 may further complicate the MDT UL coverage identification. For example, in the Shared Cell ID based solution for CoMP (i.e. CoMP Scenario 4), a few network points may share the same Cell ID, but when PUSCH, PUCCH, PDSCH, and PDCCH transmissions use different network points in a dynamic manner. this physical layer configuration can be possibly transparent to upper layer, including the MDT server. If the UL and DL transmissions are associated with different network points, then there can be high UL/DL imbalance and the PL/RSRP measurements obtained from DL may not be relevant for UL coverage identification. Furthermore, the measurements/information as proposed in [3][4][5] need to be associated with not only the Cell ID information, but also the network point information to identify which points were used and when the transmission/reception occur.
It is also worth pointing out that a UE in connected mode may fail its attempts to upload Immediate MDT measurements. This UE may subsequently experience a Radio Link Failure (RLF). Depending on the UE behavior, the Immediate MDT may be discarded (not desired since this Immediate MDT can be useful), or the Immediate MDT may be uploaded again to the same cell or a different cell when the connection is re-established. MDT server then needs to retrieve relevant context information from corresponding cell(s) to identify the coverage situation. This not only increases the amount of information exchange but also the complexity for information processing.
In summary, to identify whether the UL coverage is limited by pathloss or interference conditions, a large set of measurements/information is needed, and a significant amount of such measurements/information needs to be associated with certain context information, including scheduling context information, power control context information, location information, time stamps, Cell ID/network point ID (if exists), and PRB indices. It is emphasized that the context information is important for ensuring a consistent interpretation of measurements and related information. All these measurements/information are available at the eNB and hence no new UE measurements are needed. However, it is infeasible to transmit all the measurements/information, together with the necessary context information, to the MDT server so that an accurate decision can be made. 
2.2 Discussion for UTRA

For UTRA, similar measurements as described above for LTE can be used to detect that the UE has UL coverage issues, such as UE transmission power headroom (UPH), SIR, received total wideband power (RTWP), OI, etc.. An example of scenario with UL coverage issues is when the UE is power limited and the amplitude of the uplink data channel E-DPDCH is scaled to a pre-determined minimum value as defined in the specifications [6]. The power level of the data channel is scaled to a minimum (fixed or configurable) value in order to maintain the power level of the uplink control channel DPCCH. However this can create coverage issues since performance of the data channel degrades, and at the same time it can create instability in the power control loop. When such mechanism of scaling the data channel power is applied, it is an indication that the UE might have limited UL coverage. 
UPH and RTWP measurements can be used to determine if UL coverage degradation is mostly due to pathloss or interference. The measurements seem to be generally fewer and less complex than for E-UTRA. Therefore, no new UE measurements are needed, and it is feasible to transmit the UPH and RTWP measurements to the MDT server so that an accurate decision can be made. 

3 Conclusions
Based on these discussions, it is clear that in E-UTRA, a large set of measurements/information, including e.g. PH, IoT/OI/HII, SIR, transmission formats, PL/RSRP, received PUSCH power, if associated with appropriate context information, can be used to identify the causes of UL coverage problems. Therefore, no new UE measurements are needed. However, it is infeasible to transmit all the measurements/information, together with the necessary context information, to the MDT server so that an accurate decision can be made. On the other hand, in UTRA, it is feasible for the MDT server to make an accurate decision based on existing measurements of UPH and RTWP.
Based on the above discussion, a LS response is proposed in the Appendix to communicate RAN1’s understanding to RAN2. 
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Appendix: LS Response Proposal 
The following LS response to RAN2 is proposed.

-----------------------------------------------------------------------------------------------------------

1. Overall Description:

RAN1 would like to thank RAN2 for the Response LS on MDT UL coverage use in R1-113624 (R2-115642). 

In the LS, RAN2 requests feedback from RAN1 on 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. If not, RAN2 would like to further request RAN1 to identify the additional measurements needed to fulfill the intentions and requirements for the UL coverage use case, and consider defining (if necessary and feasible) the additional measurements in the Rel-11 timeframe.

RAN1 has discussed the above request raised by RAN2, with the answers given below. 

RAN1 response:
Based on RAN1 understanding, it is concluded that, for E-UTRA, a large set of measurements/information, including e.g. PH, IoT/OI/HII, SIR, transmission formats, PL/RSRP, received PUSCH power, if associated with appropriate context information, can be used to identify the causes of UL coverage problems. Therefore, no new UE measurements are needed. However, it is infeasible to transmit all the measurements/information, together with the necessary context information, to the MDT server so that an accurate decision can be made. For UTRA, it is feasible for the MDT server to make an accurate decision based on existing measurements of UPH and RTWP.
2. Actions:

To RAN2:
ACTION: 
RAN1 asks RAN2 to take above response into consideration.






























