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1 Introduction
RAN1 received during RAN1#70bis three liaison statements from RAN3 regarding inter-cell interference coordination (ICIC) in carrier based (CB) HetNet deployments consisting of macro and pico eNBs.
In this contribution, we discuss implications of the liaison statements’ content on RAN1 and provide our opinion regarding required activities from RAN1 point of view. 
2 Discussion

In the following we discuss the questions raised by RAN3 separately, taking furthermore into account use cases and solutions described in [1]. 
2.1 LS on UL Interference for CB ICIC
RAN3 informed RAN1 in [1] that they discussed solutions for uplink interference mitigation in the context of CB ICIC. The considered scenario contains a macro UE (MUE) that interferes in UL with a pico cell without being able to detect that cell. Macro and pico cell share at least one carrier.

It is said in the LS that interference handling strategies require the identification of the interfering MUEs and that RAN3 has identified the following solutions as potential candidate solutions for identification:
A) Transmission of Uplink Interference Overload Indication IE (UL OI) from pico cell to macro cell in combination with historical scheduling information available in the macro cell. The UL OI will include new timing information about the subframes or absolute time information regarding the experienced interference and is based on stored UE historical scheduling information at the macro eNB.

B) The MUE sends a random access preamble on serving cell PRACH resources which to be detected by the non-serving pico eNB
C) Uplink channel sounding (i.e. by means of SRS measurements) is performed by the non-serving pico eNB for the MUE
D) Uplink MUE DMRS transmissions are detected by the non-serving pico eNB

Solution A seems to be the most promising one in terms of efficiency and pico eNB implementation complexity. An extension of the Uplink Interference Overload Indicator with new timing information can, in combination with scheduling information of corresponding subframes, in general be used for deriving the IDs of interfering macro UEs. However, potentially strong interference fluctuations by selectivity in spatial domain due to precoding for spatial multiplexing have to be taken into account. This can result in increased uncertainty regarding the identification of macro UEs that cause in average strong interference, and not just in certain subframes where a certain unknown precoders where used. Further investigations are required regarding that issue. 
Regarding Solution B, C and D which rely on detection of uplink signal from the macro UEs by the pico eNB we have currently some concerns. In order to detect uplink transmissions on a certain carrier, it has to be activated for the pico cell and collisions between transmissions of PRACH, SRS or DMRS in macro and pico cell would have to be avoided in order to get measurement results with sufficient accuracy. 

It is furthermore questionable whether the signal of a macro UE that cannot detect the pico eNB can actually be detected by that pico eNB since the macro UE transmission power might be lower than the pico eNB transmission power which determines the coverage area. 
Conclusion 1: 
The uplink interference mitigation should not rely on the detection of macro UE signals on pico eNB side since the accuracy and reliability of these measurements is currently not clear. Further investigations are required regarding that issue. 
2.2 LS on DL Interference Mitigation for CB ICIC
RAN3 has discussed solutions for downlink interference mitigation as part of the Carrier Based HetNet ICIC. The scenario considered is the one where users are served by a pico cell while still far away from it and therefore suffer from a strong interference from the macro cell. The carrier aggregation feature is available on the network side and both CA-capable and non-CA-capable UEs are present in the system.

RAN1 was informed in [3] that RAN3 identified the following enhancements as potential candidates to solve the above case of DL interference:
A) With respect to the user plane, information about transmit power for Physical Resource Blocks (PRBs) used for data channels is exchanged among eNBs. In this regard RAN3 has identified two options, the first consisting in enabling RNTP threshold negotiation between victim and aggressor eNBs and the second consisting in enabling the victim eNB to recommend a transmit power (or transmit power reduction) to the aggressor eNB. RAN 3 kindly asks RAN1 to evaluate the feasibility and the benefits of these enhancements compared with available solutions.
B)    With respect to the control plane, RAN3 has discussed different mechanisms and kindly asks RAN1 whether a coordination of protected resources in the frequency domain between eNBs is beneficial for the problem above.
Coordination of protected resources in the frequency domain is expected to be quite beneficial for both PDSCH and EPDCCH transmissions, especially in case of large CRE bias values in the pico cell. The EPDCCH will benefit here in case of localized EPDCCH resource allocations where a low degree of diversity is present. The magnitude of gains that can be achieved by such a strategy would have to be studied in detail. 
Note that component carrier based ICIC is not required after the introduction of EPDCCH. For EPDCCH, the ICIC granularity could be reduced to PRB or RGB level.
The effect of RNTP threshold negotiation and transmit power recommendation requires further study from RAN1 point of view. It is currently not clear whether the RNTP threshold would be negotiated per component carrier or whether one threshold applies for all carriers. The same applies for the transmit power negotiation. Independent negotiations for different component carriers could make sense if different component carriers are intended to be used for serving different parts of the pico coverage area, e.g. one for cell edge and another one for cell center UEs. It is furthermore important that dynamic range restrictions are taken into account during transmit power negotiation. In addition, it is worth to discuss the possibility of PRB or RGB level granularity ICIC in addition or instead of component carrier level ICIC.
Conclusion 2: 
The support of RNTP threshold and transmit power negotiation is expected to be beneficial, but more time is required for a detailed evaluation.    
Conclusion 3: 
The support of RNTP threshold and transmit power negotiation for EPDCCH scenarios should be discussed in addition.   
2.3 LS on Operational Carrier Selection for CB ICIC

RAN3 has discussed solutions for operational carrier selection (OCS) by a pico cell that is located within a macro cell coverage area (DL CB-ICIC in case of frequency reuse in dense macro-pico heterogeneous deployment). The scenario envisaged is where the pico is able to dynamically (e.g. minutes, hours) activate/deactivate a carrier so that the interference on the neighbour cells is acceptable. When discussing the problem, RAN3 considered an option that an eNB which is about to activate a carrier bases such decision on the feedback received via X2 from cells potentially affected by the activation. The feedback can be based, e.g., on measurements collected from served UEs by the potential victim eNBs as described in the section 4.4.2 in the attached TR.

RAN1 was informed in [4] that RAN3 would like to ask RAN1 to evaluate the following questions:

A) Can the solution above provide any benefits in terms of interference mitigation over existing features?

B) Can an eNB estimate correctly the interference impact on neighbour eNBs due to activation/deactivation of a new carrier?

C) How beneficial would it be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?

It is in general expected that OCS can provide performance gains compared to static carrier allocation for pico cells. The magnitude of these gains however strongly depends on the number of available carriers for pico cells, pico cell density in the scenario, and the accuracy of carrier quality estimations for all pico UEs. The interference estimation accuracy is here basically determined by the distribution of pico UEs within the pico cell; large coverage areas (e.g. due to CRE) are expected to result in increased inaccuracy of the interference impact estimation. We also wonder why the granularity of coordination is component carrier and not smaller granularity like group of PRBs.
Collecting interference measurements from all pico UEs would provide the most accurate quality estimation, but it not reasonable in terms of signalling overhead.  Measuring the interference in the pico eNB itself yields a significant overhead reduction but might be critical in terms of accuracy regarding estimating the interference impact on associated UEs.
Further studies are required regarding the expected performance of OCS, especially taking into account inaccuracies due to interference estimations in the pico eNB instead of using pico UE measurements. It furthermore has to be discussed in detail macro downlink measurements in pico eNBs affect the pico eNB implementation complexity.
The figures below shows some initial simulation results regarding the interference estimation accuracy in case of measurements in the pico eNB. Simulations were conducted for clustered user dropping (Configuration 4b) without CRE for 3GPP Pathloss Model 1 according to [5]. Each point in the figures corresponds to a single pico cell. 

The evaluations in Figure 1 show the average interference estimation errors depending on the macro receive power at the pico eNB. The average estimation error is here the difference between the average of the interference levels at all associated pico UEs and the interference level at the pico eNB. The results clearly show that there is a bias which strongly depends on the distance between macro and pico eNB. Large distances (corresponding to low macro RX powers) result in an underestimation of the average interference in the pico cell, more than 10 dB in case of less than -130 dBm macro RX power at the pico eNB Small distances between macro and pico eNB result in an overestimation of the interference, more than 10 dB in case of more than -100 dBm macro RX power at the pico eNB 

In Figure 2, we show the standard deviation of the macro RX power estimation error which is the difference between the estimation at the pico eNB and the actual value at an associated pico UE. The results show that, in addition to the average bias revealed in Figure 1, there is a large degree of diversity of macro RX power levels within a pico cell which stems from having different pico UE positions and overlaying shadowing effects. We don’t see a standard deviation below 8 dB in the investigated deployment, and the average standard deviation of all pico cells is about 10 dB.

These first results show that the accuracy of the macro RX power estimation for pico cells is a critical issue that requires further investigation before conclusions can be drawn.
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Figure 1: Average macro interference 
power estimation error
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Figure 2: Standard deviation of macro interference power estimation error


Conclusion 4: 
Further studies are required in order to estimate the efficiency of the OCS based on downlink interference estimations in pico eNBs.  
Conclusion
We discussed in this contribution three liaison statements from RAN3 regarding carrier based ICIC in HetNet deployments. Based on the discussion presented in the contribution, we draw following conclusions:
Conclusion 1: 
The uplink interference mitigation should not rely on the detection of macro UE signals on pico eNB side since the accuracy and reliability of these measurements is currently not clear. Further investigations are required regarding that issue.
Conclusion 2: 
The support of RNTP threshold and transmit power negotiation is expected to be beneficial, but more time is required for a detailed evaluation.    
Conclusion 3: 
The support of RNTP threshold and transmit power negotiation for EPDCCH scenarios should be discussed in addition.   
Conclusion 4: 
Further studies are required in order to estimate the efficiency of the OCS based on downlink interference estimations in pico eNBs.  
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