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1 Introduction

In this contribution, the UL measurements and information for MDT uplink coverage use case was analyzed in response to a request from RAN2.  Based on the analysis, a draft response to RAN2 is proposed.

2 Analysis of Uplink Coverage and Related Measurements
In R1-113624 (R3-115642), 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 fulfil the intentions and requirements listed above, and consider defining (if necessary and feasible) the additional measurements in the Rel-11 timeframe.

For Rel-10, RAN2 included the following UL measurements to be collected with available geographical location, for the MDT UL coverage use case: 

-
for LTE: Power Headroom (PH) measurement by UE, see TS 36.213.

-
for UTRA: SIR and SIR error (FDD) by NodeB, see TS 25.215 and TS 25.225.

Furthermore, RAN2 informs RAN1 that the following are the intentions and requirements for the UL coverage use case (see also TS 37.320):

•
 Identify areas of weak UL coverage. 

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

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

RAN2 further assumes that measurement collection for the UL coverage use case is applicable only in connected mode while the UE is transmitting on the UL.

Although, PH report provides necessary information for UL coverage identification, more information is needed to accurately tell the real reason of coverage limitation. In the following, uplink power control and its interaction with uplink ICIC and resource allocation is discussed in order to clarify the relationship between uplink measurements and various causes for uplink coverage limitation.
2.1 Causes of Uplink Coverage Limitation

The following conceptual formula represents the reception quality of the uplink channels:
SINR_rx = P_tx – BW – PL – (IoT + N)

P_tx is the transmission power of the uplink channel determined by the related uplink power control process, assigned BW is the bandwidth of the uplink channel, PL is the pathloss between the eNB and the UE, IoT is the interference level over thermal noise at the eNB, and N is the thermal noise level. In the case of limited uplink coverage, the reception of the uplink channel fails due to the following reasons:
· Pathloss is too large. In this case, even using its full transmission power and lowest feasible transmission format(s), and even if the interference level at the eNB is well controlled at an intended (low) range, the received SINR of the UE is still too low to support its uplink channel. This usually is caused by coverage whole in the system and adding additional node is usually the solution.
· Interference level at the eNB is too high. In this case, although the pathloss between the eNB and the UE is small enough to support uplink channel reception under benign interference conditions, the reception fails due to either high interference level or large variation of the interference received at the eNB at PUCCH or PUSCH bandwidth. For this case, power control and interference coordination may be improved to solve the problem.
· Mismatch between the uplink reception quality and the transmission format of PUSCH/PUCCH. A severe mismatch may result in large number of re-transmissions for PUSCH and series of reception failure of PUCCH. Joint tune of power control, resource allocation, and interference coordination may be needed in this case.
· A mixture of the above situations may happen which complicates the diagnosis. 
2.2 Uplink Measurements and Information for Uplink Coverage Identification
To identify the real reasons behind an uplink coverage limiting situation, in addition to power headroom (PH), the following uplink measurements and other related information may be useful:

· 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
All these information are available at the eNB and a proper processing of these information at the eNB could reveal the exact reason(s) for uplink coverage issue. However, as mentioned in 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. Furthermore, as discussed above, different situations 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
	SIR
	TF
	PL/RSRP

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

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

	TF mismatch
	-
	-
	Relatively low
	Relatively high
	Not too large

	Mixture
	FFS


Note that PUSCH and PUCCH frequency regimes may have different levels of IoT, and different PH. Further note that a complete set of useful information related to uplink coverage issues will results in a large amount of information exchange with a lot of redundancy while its usefulness may be compromised out of the context of eNB scheduling and power control design. Therefore, more representative metric(s) may be further studied for MDT uplink coverage use case.
3 Conclusions and Proposed Response
Based on the above discussions, it is clear that the relationship between the uplink measurements and power control/scheduling parameters and the uplink coverage use case is quite complicated. Although the above listed uplink measurements/parameters may give enough information to identify the reason(s) of uplink coverage limitation, more representative metric(s) is more desirable and is worth further study. 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 clear that the relationship between the uplink measurements and other related power control and scheduling information and the uplink converge use case is quite complicated. In order to fulfill the intentions and requirements for the UL coverage use case, further study in the Rel-11 timeframe is needed to identify the necessary and feasible measurements in addition to what is included in Rel-10 MDT.

2. Actions:

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































