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1 Introduction
The evaluation of the proposed solutions for the CA_HetNet_ICIC [1] scenario “UL interference in macro-pico environment” [2] described in the text proposal discussion document [3] requires the expertise of other RAN WGs, particularly RAN1. Therefore, it is proposed that other RAN WGs first evaluate the proposals, as required, and provide feedback and guidance to RAN3 that can be used for decision making.

Proposal 1: It is proposed that the proposed solutions for CA_HetNet_ICIC in [1]1 should first be evaluated by the other RAN WGs, as required, so that their feedback and guidance can be used for RAN3 decision making.
However, if down selection is to be determined during RAN3#75bis, this contribution provides comments on the proposed solutions.
2 Discussion
2.1 Work item objectives
The following are the detailed objectives of the CA_HetNet_ICIC work item [1]: 

· Evaluate the performance benefits of having interference management on carrier resolution between different BTS nodes in the defined HetNet environments (3GPP TR 36.814). (RAN1 based on RAN3 requests) 

· Study inter-node signalling needed for robust autonomous solutions, where each BTS node selects to use the carrier(s) that maximize the overall network performance (RAN3).

· Focus on solutions with no physical layer impact that would work for both legacy Rel-8/9 UEs, as well as benefit from optimizations available for Rel-10/11 UEs supporting carrier aggregation. Thus the solutions shall rely on existing UE features in different Releases. Realistic assumptions for availability of UE measurements and power consumption to be used.

· Focus on solutions which do not requiring tight synchronization between eNodeBs

2.2 Comments on the proposed solutions

2.2.1 Solution 1a: OI from Pico to Macro + historical scheduling information in Macro
Description:

Identification based on UL Interference Overload Indication (OI) from Pico to macro and historical scheduling decisions in macro. This means exploiting existing signalling over X2AP, where the interfered Pico indicates the interference overload per PRB. 

By including additional time information of the interference overload from Pico to macro, the macro can identify the right MUEs causing the uplink interference. 

Comments:

The macro eNB would not normally maintain scheduling history, so this proposal adds requirements on base station hardware design. 

When the macro eNB receives an OI report from the pico eNB it must have the scheduling history available to identify the UE. There may be many pico eNBs in the area covered by the macro eNB so there could be many UEs that the macro eNB would need to maintain scheduling information for. 

The macro eNB would need to exactly identify the PRBs where the interfering MUE was scheduled based on the PRB/time feedback received from the pico eNB. This requires the macro eNB and pico eNB to be synchronized to the extent that makes this possible.
2.2.2 Solution 1b: MUE & Pico location
Description:

Identification based on Macro UE location information. If the location of the Pico is known at the macro, then this could enable uplink interferer identification. 

Macro UE location can be an important component when addressing the scenario in Section 3, provided that location is available, and that the subscriber consents to its use. 

Comments:

This proposal requires exact location information for UEs, including in dense deployment and this capability would not be ubiquitous. Also, a specific UE and its location must be matched to the UE whose transmissions are causing the interference. The method for matching a UE location to an interfering UE is not clear.
2.2.3 Solution 1c: MUE sending a random access preamble to be detected by the non-serving Pico
Description:

The scenario addressed by this solution is the macro-pico UL interference scenario, and the objective, in the context of carrier based interference management, is that the interfering MUE should be moved to a different carrier, but the interfering MUE cannot be identified because of the Picocell DL/UL coverage imbalance. 

To identify the interfering MUE, it is proposed that the Macro eNB selects some MUEs to perform the non-contention based Random Access procedure using PRACH resources and preambles known to the Macro eNB and the Pico eNB beforehand. The Pico eNB detects the preamble transmissions and 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 Macro eNB is able to identify MUEs using the received information based on associations established beforehand, and the Macro eNB is able to identify the interfering MUE (s) based on the received signal strength information provided by the Pico eNB.
Comments:
A detailed description of this proposal is in [3]. This proposal is consistent with the objectives of the work item. It facilitates carrier-based interference mitigation and is applicable to Rel-8/9 UEs. Also, this proposal does not require tight synchronization between the macro eNB and pico eNB since the PRACH is designed for the case where a UE is not synchronized with the eNB. 
2.2.4 Solution 1d: Uplink channel sounding (i.e. SRS measurements) of MUE detected by non-serving Pico eNB

Description:
The purpose of this solution is to identify the source of interference in cases of Macro-Pico UL interference scenarios where an interfering Macro UE cannot identify the interfered Pico eNB. 

The method for identification of the interfering Macro UE is based on uplink channel sounding (Sounding Reference Signals - SRS). 

In this solution the Pico eNB detects high uplink interference for UEs on a specific carrier, and deduces that the induced interference is from UE(s) served by neighbour macro eNB(s). 

It therefore indicates uplink interference overload using the Load Information message over X2 to the neighbour macro eNB 

As the macro eNB may not have any indications about which of its served UEs is inducing interference to the low power base station, the macro eNB configures channel sounding for one or several served UEs. The selection of the macro UEs for which such procedure will be applied is restricted to the UE(s) potentially generating interference to the Pico eNB. As an example, selection of potentially interfering UEs may be based on one of the following factors: 1) neighbour cells reported by the Pico eNB in the X2 setup messages; 2) neighbour cells reported by the UEs served by the macro base station. 

The macro base station signals the channel sounding configurations of the potentially interfering UEs to the Pico eNB so that it can initiate the detection mechanisms. The UEs perform the channel sounding transmission, and by monitoring the SRS, the Pico eNB detects the MUE(s). 

Once the Pico eNB detects the Macro UE and detects information relative to the channel sounding configuration of such UE, it signals such information to the macro base station, which then is able to identify the interfering UE and to take appropriate measures such as move the UE on different radio resources.

Comments:
This proposal requires tight synchronization between the macro eNB and pico eNB, and, depending on the type of SRS trigger used (periodic or aperiodic), this solution may only be compatible with Rel-10 and higher UEs.
2.2.5 Solution 2a: Pico (re)scheduling the interfered PUEs to other resources (same carrier or different carriers)
Description:

In case the Pico is aware of UL interference from MUEs, the Pico re-schedules the interfered PUEs to other resources and avoid schedule PUEs on the interfered resources; the other resources could be on the same carrier or different carriers: 

Other PRBs where the strong UL interference does not occur. 

Other PRBs with low interference sensitivity by other nodes, i.e. HII value from other nodes is equal to "0". 

Comments:

This proposal assumes that interfering MUEs would consistently be scheduled on the same resources. Due to rapidly changing radio conditions and frequency selective scheduling, this would not normally be the case. 
For the case where PUEs are scheduled on different carriers, this proposal assumes that the pico cell operates on multiple carriers. 

If HII is used, the macro eNB needs to know which MUE is causing the interference in order to schedule it only on the non-interfering PRBs. Also, using HII will reduce the carrier utilization efficiency, especially if the pico cell is only operating on one carrier. It is better to take advantage of the macro cell’s multiple carriers by identifying the interfering MUE and moving it to another carrier. 

In addition, for the case where PUEs are scheduled on other resources on the same carrier, interference to PUCCH resources cannot be avoided. This means that all the PUEs which use the carrier with strong interference are damaged by the strong interference.
2.2.6 Solution 2b: Reuse existing power control mechanisms at Pico
Definition:

Reuse Release 8/9 power control mechanism with further enhancements left FFS, as specified in LS R3-120008 by RAN1. 

Comments:

If pico cells are densely deployed, adjusting the transmission power of PUEs would increase the overall interference in the system. 
In addition, this is not a carrier-based solution and is not in the realm of RAN3 expertise and responsibility. It may help the macro eNB and pico eNB to better share a carrier but it reduces the carrier utilization efficiency, especially if the pico cell is only operating on one carrier. It is better to take advantage of the macro cell’s multiple carriers by identifying the interfering MUE and moving it to another carrier.
3 Conclusions

Proposal 1: It is proposed that the proposed solutions for CA_HetNet_ICIC in [3] should first be evaluated by the other RAN WGs, as required, so that their feedback and guidance can be used for RAN3 decision making.
Proposal 2: It is proposed that if down selection is to be determined during RAN3#75bis, then the preamble-based solution (Solution 1c) is selected because it best meets the objectives of the work item [1]. 
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