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1 Introduction
One aspect of the Rel-12 enhancements for Energy Savings is “UE proximity detection” prior to switching on ES cells. The purpose is to identify the ES cells that are nearest to groups of UEs that are using the largest number of resources. These ES cells would provide the largest offloading gains and activating them would provide the most efficient use of the ES cells. This contribution discusses the solutions that have been proposed.
2 Description
2.1 Proposals for UE proximity detection
There have been three proposals for UE proximity detection in RAN3:
1. ES cells initially activate only their downlink channels for a predetermined period of time. The coverage cell eNB requests UEs to measure the downlink signals of the ES cells, which allows the coverage cell eNB to determine the UE resource density near an ES cell. This is like the “UE measurement” or “probing” method discussed in earlier releases and for which some specification support exists for inter-RAT energy savings operations.
2. The coverage cell eNB determines UE resource density near the ES cells based on IoT measurements provided by the ES cells.  
3. ES cells detect an uplink signal transmission from coverage-cell UEs after receiving the configurations of these transmissions from the coverage-cell eNB. The ES cells provide the coverage-cell eNB with information about the uplink signal transmissions that were detected, which allows the coverage cell eNB to determine the UE resource density near an ES cell. Similar techniques were proposed for the Carrier-Based ICIC work item. For CB-ICIC, the possible uplink signals identified for this purpose were the following: 
· Random access preambles on coverage cell PRACH resources

· Uplink channel sounding  (i.e. SRS measurements), 

· Uplink coverage cell UE DMRS.
2.2 Discussion
UE measurements technique
· During the probing time, the transmitters of the ES cells are turned on, which causes interference in the case where a common frequency is being used. It also causes an increase in energy consumption that could be avoided using another technique. Even if the ES cell transmitters are turned on for a short time, there are likely to be many ES cells.

· As shown in Figure 1, the interference from the ES cells in the probing state, could make it difficult for coverage-cell UEs to be reliably connected to the coverage cell, which impairs their ability to receive measurement requests.,
· Idle UEs are not able to connect to ES cells in probing state so they will be connect to the coverage cell. If a UE is near a ES cell when it is fully activated, the interference from the ES cell may disrupt the UEs connection to the coverage cell.
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Figure 1: Interference from ES cell 
IoT measurement technique

· The IoT measurement by the ES cell is indiscriminate. It is not clear that the IoT is really providing a measurement of the UE resource density.
Coverage-cell UE uplink signal detection by ES cell technique
· Only the receivers of the ES cell are turned on for UE detection and only a small part of the frequency is processed. Since the ES cell transmitters are not switched on, there is less impact on energy consumption and interference during the UE detection phase.
· The transmissions of the uplink signals, such as PRACH, are made up of a code sequence and do not involve higher layer radio protocols such as Layer 3 signalling and UE measurements and measurement reporting are not required.
· It allows the coverage cell to identify specific UEs from the information received from the ES cell about detected uplink signals. 
· Alternatively, the ES cell might only report the energy density in the radio resources being used by the coverage cell for its PRACH channel. This could be simpler and provide enough information about the coverage cell UE density near an ES cell.
· Information about neighbours PRACH configuration is already exchanged between eNBs using the X2 interface.
Proposal 1: Include in the TR  the solutions for UE proximity detection that are based on coverage-cell UE uplink signal detection by ES cells, where the candidate uplink signals to be considered during the Work Item phase are PRACH, SRS, or DMRS. Proposed text for the TR is included in the Annex.

Comparison of  PRACH and SRS
During the Work Item phase, the three candidate uplink signals for this feature will be evaluated and compared with each other. The following provides some points of comparison between PRACH and SRS signals. 
· Rel-8 and later E-UTRAN supports exchanging PRACH configurations between eNBs, which facilitates avoiding inter-cell interference and collisions. SRS transmissions from cells of different eNBs that use the same resources are not orthogonal since they use different base sequences. Some ES cells are likely to be near the cell edge and so will UEs that are near to them. This could result in inter-cell SRS interference for the ES cell from SRS transmissions in a neighbor cell unless careful SRS configuration is done.

· SRS transmission reduces the bandwidth available for packet transmission. It should not be assumed that SRS would have been transmitted apart from its use for UE proximity detection. Rel-8 and Rel-9 UEs only support periodic SRS transmission, which may be inefficient if its only purpose is UE proximity detection.

· Detecting a user with SRS would be based on detecting SRS transmissions that have a particular configuration. The ES cell would obtain the SRS configuration parameters from the coverage cell. Detecting a user based on PRACH transmissions would involve the ES cell detecting a preamble transmitted on a PRACH of the UE’s serving cell (coverage cell), where the PRACH transmission configuration is obtained from the coverage cell. Detecting a user based on SRS configuration is not easier.

· PRACH transmission power is based on the path loss between the UE and its serving cell (coverage cell).  An ES cell near a UE will be closer to that UE than the UE’s serving cell and, therefore, it will receive the PRACH transmission with sufficient signal strength to be detected. Otherwise, for the purpose of this feature, it is not interesting for that ES cell to detect this UE (i.e., it is not in close proximity to the ES cell). The ES cell should only detect a preamble for a particular UE once, so if a UE transmits multiple times during the same session with power ramping due to not being received by its serving cell, the ES cell should only detect the first transmission. This can be controlled by the coverage cell.

· Subframe synchronization does not address the timing issues inherent in the situation where a non-serving cell must detect a UE transmission. A UE would be time synchronized in the downlink and uplink to its serving cell such that its uplink transmission time is adjusted by a timing advance that compensates for the propagation delay between the UE and its serving cell. Therefore, the UE would not be synchronized to the ES cell. PRACH is designed for situations where there is timing uncertainty so it has a long transmission time (1 to 3 ms) and it includes a long CP and guard time. The transmission time of SRS is the length of one symbol (71 µs), which does not allow for much timing variation.

Proposal 2: Include in the TR additional information about UE proximity detection based on PRACH. Proposed text for the TR is included in the Annex.
Evaluation criteria
The foregoing discussion motivates the consideration of the following evaluation criteria for comparing solutions for UE proximity detection.
· The effects of additional interference introduced in the network during the UE detection procedure and of any measures applied to mitigate this additional interference.
· The effect on network energy consumption during the UE detection procedure.
· The effectiveness of the solution to facilitate offloading the largest number of resources from the coverage cell to the fewest ES cells. 
· The capabilities of the network and/or the UEs that are required in order to implement the solution. For example, network synchronization requirements and support for legacy UEs should be considered.
Proposal 3: Include in the TR evaluation criteria for UE proximity detection solutions that consider interference impacts, energy consumption impacts, and detection effectiveness. Proposed text for the TR is included in the Annex.
3 Conclusion
Proposal 1: Include in the TR the solutions for UE proximity detection that are based on coverage-cell UE uplink signal detection by ES cells, where the candidate uplink signals to be considered during the Work Item phase are PRACH, SRS, or DMRS. Proposed text for the TR is included in the Annex.

Proposal 2: Include in the TR additional information about UE proximity detection based on PRACH. Proposed text for the TR is included in the Annex.

Proposal 3: Include in the TR evaluation criteria for UE proximity detection solutions that consider interference impacts, energy consumption impacts, and detection effectiveness. Proposed text for the TR is included in the Annex.
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4.1
Study on inter-eNB scenario 

4.1.1
Description of scenario 
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4.1.2
Solutions description
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4.1.2.x UE proximity detection based on UL signal detection
UE proximity detection based on ES cell detection of coverage-cell UE uplink signal transmission

Some of the advantages of this technique are.
· Only the receivers of the ES cell are turned on for UE detection and only a small part of the frequency is processed. Since the ES cell transmitters are not switched on, there is less impact on energy consumption and interference during the UE detection phase.

· The transmissions of the uplink signals, such as PRACH, are made up of a code sequence and do not involve higher layer radio protocols such as Layer 3 signalling and UE measurements and measurement reporting are not required. 

· It allows the coverage cell to identify specific UEs from the information received from the ES cell about detected uplink signals. 

· Alternatively, the ES cell might only report the energy density in the radio resources being used by the coverage cell for its PRACH channel. This could be simpler and provide enough information about the coverage cell UE density near an ES cell.

· Information about neighbours PRACH configuration is already exchanged between eNBs using the X2 interface.

UE proximity detection based on PRACH
· Detecting a user with PRACH would be based on the ES cell detecting a preamble transmitted on a PRACH of the UE’s serving cell (coverage cell), where the PRACH transmission configuration is obtained from the coverage cell. Rel-8 and later E-UTRAN supports exchanging PRACH configurations between eNBs, which facilitates avoiding inter-cell interference and collisions and would provide ES cell with information about the resources used for a coverage cell PRACH. 
· PRACH transmission power is based on the path loss between the UE and its serving cell (coverage cell).  An ES cell near a UE will be closer to that UE than the UE’s serving cell and, therefore, it will receive the PRACH transmission with sufficient signal strength to be detected. 

· PRACH transmission power is based on the path loss between the UE and its serving cell (coverage cell).  An ES cell near a UE will be closer to that UE than the UE’s serving cell and, therefore, it will receive the PRACH transmission with sufficient signal strength to be detected. The ES cell should only detect a preamble for a particular UE once, so if a UE transmits multiple times during the same session with power ramping due to not being received by its serving cell, the ES cell should not detect the additional transmissions. This can be controlled by the coverage cell.
· A UE would be time synchronized in the downlink and uplink to its serving cell such that its uplink transmission time is adjusted by a timing advance that compensates for the propagation delay between the UE and its serving cell. Therefore, the UE would not be synchronized to the ES cell. PRACH is designed for situations where there is timing uncertainty so it has a long transmission time (1 to 3 ms) and it includes a long CP and guard time.

[…]

4.1.3
Solutions evaluation

Criteria for evaluating and comparing solutions for UE proximity detection includes:
· The effects of additional interference introduced in the network during the UE detection procedure and of any measures applied to mitigate this additional interference.

· The effect on network energy consumption during the UE detection procedure.

· The effectiveness of the solution to facilitate offloading the largest number of resources from the coverage cell to the fewest ES cells. 
· The capabilities of the network and/or the UEs that are required in order to implement the solution. For example, network synchronization requirements and support for legacy UEs should be considered.
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