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1. Introduction 
In RAN3 #76 meeting, an LS [1] was sent from RAN3 to RAN1 related to the uplink interference mitigation for carrier-based ICIC. The scenario considered is that where a macro UE (MUE) interferes the UL of pico UE (PUE) to a pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier. RAN3 has discussed several potential solutions for addressing the uplink interference problem. In the LS, RAN3 asked RAN1 the following question:
· RAN3 would like to ask RAN1 to evaluate the solutions above and to assess whether they are technically feasible and whether they are beneficial with respect to other solutions, e.g. like those pointed in R1-114460. In case of such solution(s), are there any particular synchronisation requirement between (aggressor) Macro eNB and (victim) Pico eNB?

In this contribution, we give a brief assessment to the potential solutions listed in [1] and analyse the impact on other WGs in section 2. Section 3 proposes new solutions to identify the interfering MUE. Conclusion is given in section 4. 
2. Analysis on the potential solutions
In the LS, RAN3 provided four candidate solutions.
Solution 1a: OI from Pico to Macro + historical scheduling information in Macro.
In this solution, Pico eNB will detect the uplink interference from the interfering MUE and forward the UL OI information to the Macro. The UL OI will add a new time information about the subframes or absolute time information regarding the experienced interference and Macro eNB will detect the interfering MUE based on stored UE historical scheduling information. In our understanding, whether the synchronization between Macro eNB and Pico eNB is required or not relies on the detailed time information exchanged. If the absolute time information is exchanged, the synchronization is not required since the Macro and Pico should maintain the same absolute time. Otherwise, the synchronization is required.
Observation 1: Whether the synchronization is required relies on the detailed time information exchanged between Macro eNB and Pico eNB

Solution 1c: MUE sending a random access preamble on serving cell PRACH resource, to be detected by non-serving Pico
In this solution, Macro eNB configures the selected MUEs to perform non-contention based random access on the assigned PRACH resource. Pico eNB would detect the potentially interfering MUE based on the exchanged of assigned PRACH resource information from the Macro eNB via backhaul linkage. Then Pico eNB forwards the RACH-access-relevant information needed for UE identification to the Macro eNB as well as an indication of the received signal strength of the preambles. The subframe level synchronization between Macro and Pico is required since Pico eNB needs to detect the random access preamble in the informed time-frequency resource. Further, RAN4 should access the feasibility and accuracy of the Pico eNB to detect the random access preamble from the MUE.

Solution 1d: Uplink channel sounding (i.e. SRS) of MUE detected by non-serving Pico eNB
In this solution, the Macro eNB will configure selected MUEs to perform SRS transmission and inform Pico eNB of the SRS configuration of the MUEs. Then Pico eNB can detect the potential interfering MUEs and forward the detected information to the Macro eNB. The subframe level synchronization between Macro eNB and Pico eNB is required. Further, RAN4 should access the feasibility and accuracy of the Pico eNB to detect the SRS transmission from the MUE.
Solution 1e: Uplink MUE DMRS detected by non-serving Pico eNB

The Macro eNB will inform the Pico eNB of the configuration of the DMRS for selected MUEs. Based on the feedback from the Pico eNB, Macro eNB would be aware of the potential interfering MUEs. Synchronization between the Macro eNB and Pico eNB is also required.
Observation 2: Synchronization between Macro eNB and Pico eNB is required for solution 1c, 1d and 1e. Further, RAN4 should access the feasibility and accuracy of the Pico eNB to detect the corresponding random access preamble, SRS or DMRS transmission from the MUE.

3. Proposed solution
When the Macro cell and Pico cell operate on the same carrier, the uplink interference from the MUE which is close to the Pico cell is severe. However, the interference problem does not always happen. In some cases, for example, a MUE is close to a Pico eNB while it is in non-active mode, it will not cause uplink interference to the Pico cell. So in our understanding, the recognition of the interfering MUE should be an event-trigger manner. Generally we think there are two cases need to be considered for the recognition as illustrated in figure 1:
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Figure 1: Illustration of the interference cases

1) Case 1: MUE (UE 1 in figure 1) has already establish the UL data transmission to the Macro and moves into the coverage of a Pico cell

2) Case 2: MUE (UE 2 in figure 1) is in a non-active mode or a “idle” one which hasn’t establish the UL data transmission, and it moves into the coverage of a Pico cell

For case 1, besides the solutions listed in section 2, monitoring the PUCCH transmitted from the UE in synchronized eNBs is also a candidate solution and may be beneficial because PUCCH may be transmitted more frequently than SRS. In LTE system, PUCCH is used to carry the UL control signals such as ACK/NACK, CQI. As the purpose of the monitoring is to detect the signal strength of the MUE’s UL transmission, not the content of PUCCH signal itself,  different PUCCH signals transmitted from the MUE can be used for the detection. The Macro eNB can inform the Pico eNB of the configuration for the UL signals transmitted by MUE on PUCCH. The Pico eNB can detect the MUEs’ UL transmission on assigned resource, and then, identify the potential interferer. This will also require further work in RAN3/4.
For case 2, the solutions listed in section 2 seems not so efficient since the MUE is not transmitting UL data yet, and thus, there is no need to recognize this MUE as an interfering UE. In LTE system, once UE has data in its buffer while the UL resource is not available, UE will transmit the SR to request the UL resource. The SR is sent over PUCCH only when PUCCH is allocated for the UE. If SR transmission in PUCCH is not available, PRACH can be used to request uplink resources. Thus, we propose to recognize the interfering MUE by monitoring its SR transmission. The SR monitoring is useful for bursty traffic when the UE repeatedly switch between non-active and active transmission modes, where the SR need to be sent every time the UE change from non-active to active transmission mode in order to transmit the UL data. Further, the SR is the latest UL signal from the UE before the UE receives the UL grant from the MeNB and send UL data over the PUSCH, so it may reflect the latest UL signal condition. The Macro eNB would inform Pico eNB of the SR configuration for selected MUEs, then, Pico eNB can monitor the SR transmission on the informed resource to identify the potential interfering MUE. 
Proposal:

· Monitoring the PUCCH transmission to identify the interfering MUE for case 1, which PUCCH to be used is FFS
· Monitoring the SR transmission to identify the interfering MUE for case 2
4. Conclusions

In this contribution, we analyse the solutions RAN3 has provided and propose new solutions to identify the potential interfering MUEs. Based on the analysis, we have the following proposal.
Proposal:

· Monitoring the PUCCH transmission to identify the interfering MUE for case 1, which PUCCH to be used is FFS.
· Monitoring the SR transmission to identify the interfering MUE for case 2
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