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1. Introduction:
The eICIC work item objective includes a study (until RAN#49) of the necessity to support non-CA based enhanced eICIC solutions, where in the study Rel-8/9 techniques shall be considered and any new techniques shall ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact.In RAN1#61, the following conclusions were made [1]: 
Dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto, in this case, Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference, and hence, Enhanced interference management is needed At least the following issues should be addressed by any proposed solutions:
· Radio link monitoring (RLM)
· Radio Resource Management (including detection of PSS/SSS and PBCH) 

· Interference from CRS
· To PCFICH/PHICH/PDCCH
· To PDSCH
· CSI measurement

· Interference from PDCCH masked with P-RNTI and SI-RNTI (for SIB-1 only) and associated PCFICH
In RAN1#61bis, RAN1 discussed candidate solutions focusing on macro-femto deployment scenario, without precluding macro-pico scenario [2].
Solutions for macro-femto deployment for DL control channel:

· Consider power control and time domain solution as baseline solutions

· Frequency domain solution is not precluded.

· More concrete proposal of each solution should be provided 
· Ensure backwards compatibility to Rel8/9 UE

· Strive for at least one common TDD and FDD solution whenever possible

· Feedback from other WGs should be consolidated to make decision
Based on the discussion so far in RAN1, three different candidate solutions for eICIC are discussed in RAN1:

· Time-domain solution – Subframe utilization across nodes are coordinated through backhaul signaling. 
· Power control solution –HeNB adjust transmit output power to avoid interferece to other nodes..
· Frequency-domain solution – Orthogonal bandwidth for control signaling and common information are configured across nodes.
RAN1 would like to provide a detailed description of these three solutions from RAN1 point of view. 

2. Description of related solutions

To avoid different explanation or understanding of “backward compatibility” in this description, we list  these two understanding on the backward compatibility from different angle:

a) Backward compatibility of Advanced E-UTRA and Advanced E-UTRAN with Release 8 E-UTRA and E-UTRAN means [36.913]
· an Release 8 E-UTRA terminal can work in an Advanced E-UTRAN, 

· an Advanced E-UTRA terminal can work in an Release 8 E-UTRAN and 

· non-backward compatible elements could be considered based on RAN decision
b)  A UE has a backward compatible issue if that  UE fails to access to the system or does not work at all in some particular scenarios only due to that the eICIC scheme is applied.
2.1   Time-domain eICIC solution description
In time domain approach, a subframe can take one of the following forms:

· Regular subframe

· Non-regular subframe
· MBSFN subframe
· Almost blank subframe
· Fake uplink subframe (For TDD only) [3]
Regular subframes
Defined with respect to utilization of PDCCH space, regular subframe can take the following forms:
· Unrestricted

· Utilization of PDCCH space is not restricted by configuration
· Restricted 

· Utilization of PDCCH space is restricted by configuration 

· Lightly loaded PDCCH region is created

Non-regular subframes
Non-regular subframes solutions are characterized commonly by following transmissions:
· PSS/SSS transmission occurs in subframe 0 and 5 (FDD) and 0, 1, 5 and 6 (TDD)
· PBCH transmission occurs in subframe 0

Coordinated PDSCH scheduling is only allowed if accompanying:
· PDCCH transmissions are masked with P-RNTI, and may occur only in subframes configured for paging (subframes 0, 4, 5 and 9 for FDD, and subframes 0, 1, 5 and 6 for TDD), and 

· PDCCH transmissions are masked with SI-RNTI, and occur only in subframe 5 in even SFNs

PCFICH transmission occurs only in subframes where PDCCH transmission occurs.
Other operations related to each approach in non-regular subframes solutions are demonstrated in table.1

Table.1 Other operations related to each approach in non-regular subframes solutions
	
	Control Channel Transmission
	CRS in Control Channel region
	Data Channel Transmission
	CRS in Data Channel region
	Commonality for FDD and TDD

	MBSFN Subframe
	None/light loaded*
	Yes
	None
	None
	FDD&TDD

	Almost Blank Subframe
	None/light loaded**
	Yes
	None/Yes****
	Yes
	FDD&TDD

	Fake Uplink Subframe
	None/ACK/NACK***
	None
	None/ACK/NACK***
	None
	TDD only


* Necessary control information may be presented in the non-regular subframe, e.g. ACK/NACK information to keep the HARQ timing or downlink scheduling for Paging, SI transmission
** Necessary control information may be presented in the non-regular subframe, e.g. downlink scheduling for Paging, SI transmission
*** ACK/NACK information may be needed to keep the HARQ timing if possible
**** Inter-subframe scheduling can be additionally incorporated into almost blank subframe in which a rel-8/9 UE has no data channel transmission in the subframe, but a rel-10 UE can have data channel transmission in the subframe by the scheduling of PDCCH on other subframe.
2.1.1 Backward compatibility

· Time domain framework is backward compatible (under understanding b).
2.1.2 FDD/TDD commonality

· Time domain framework can be utilized for both TDD and FDD.
2.1.3 Additional features 
· OFDM symbol shift can be additionally incorporated into time domain framework in order to avoid interference from CRS (and control channels if transmitted) to PCFICH/PHICH/PDCCH.

· In addition, PDSCH RE muting can be utilized to prevent radio link failure (RLF) of Rel 8/9 UEs.
· Semi-static RRC signalling (PHICH duration defined as extended) can be additionally incorporated into time domain framework in order to protect the interference from CRS to PCFICH
· Victim-UE aware subframe utilization, based on either:
· Determination at MeNB based on MUE measurement reports with backhaul signalling to Femto 

· Sensing of MUE by Femto
· For FDD subframe shift can be additionally incorporated into time domain framework in order to avoid interference to PSS/SSS and PBCH.
2.1.4 Estimated Impact on specifications from RAN1 point of view
· Network side
· Determine how to handle backhaul signaling for subframe utilization among different nodes or victim UE notification
· Performance requirements for sensing of MUE by Femto
· UE side
· Radio link monitoring (RLM) procedure and RRM measurements 

· Channel feedback 
· Detection of PSS/SSS and PBCH 

· Interference from CRS
· To PCFICH/PHICH/PDCCH
· To PDSCH
· Interference from PDCCH masked with P-RNTI and SI-RNTI (for SIB-1 only) and associated PCFICH
· Rate matching due to PDSCH RE muting (on CRS positions of MeNB) from coordinating Femto (s) to their Rel-10 home UE (s)
2.2    Power-setting
In power setting approach, power allocation can take one of the following mechanisms:

· Power setting based on strongest receiving power of MeNB at the Femto
· Power setting based on Femto -> MUE Pathloss
· Power Setting based on objective SINR of HUE
· Power setting based on SINR of MUE
· Power setting on PBCH
The power is allocated to all the downlink transmissions across the whole bandwidth. It is needed to further determine whether the power can have different power settings in control channel transmission and data channel transmission.
Concrete proposal are described as below, for power control based on strongest receiving power of MeNB at the Femto:
The Femto shall adjust its maximum transmit power according to the following formula
P_tx = max (min (α • P_M + β , P_max), P_min) [dBm]                                              

where parameters P_max  and P_min  is the maximum and minimum Femto transmit power settings, P_M is the received power from the strongest co-channel macro cell on Femto. Parameter  is a linear scalar that allows altering the slope of power control mapping curve,  is a parameter expressed in dB that can be used for altering the dynamic range of power control.
For Power Control based on Femto -> MUE Pathloss

The Femto should set the transmit power as follows: 

P_tx = MEDIAN (P_M + P_offset, P_max, P_min) [dBm]                                           

Where P_max, P_min  and P_M hold the same meaning as Eq. (1). P_offset (dB) is the power offset described below in detail.

P_offset = MEDIAN (P_Inter_Pathloss, P_Offset_max, P_Offset_min)                                 

Here P_Inter_Pathloss is a power offset value related corresponding to the indoor path loss and the penetration loss between the nearest MUE and the Femto. P_Offset_max and P_Offset_min are the max. and min. value of the P_offset to restrict its territory.

For power setting based on objective SINR of FUE:

The transmission power of the Femto is set based on:
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Where

[image: image3.wmf]I

represents the interference detected by the served UE;
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is the objective SINR we intend to limit for the FUE;
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 is the path loss estimation between the Femto and the served FUE;
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 represent the Femto minimum and maximum transmission power setting boundary, respectively.

The aim of this method is to depress interference suffered by Macro UE (MUE) in close proximity of CSG Femto cells by restricting received power of Femto UE (FUE) to a desired relatively low and acceptable level.

For Power Control based on SINR of MUE
The Femto power control is based on the follow equation

P_tx = max (min (α • P_SINR + β, P_max), P_min) [dBm].
This method is based on the SINR sensing of the MUE. P_SINR is defined as the SINR between MeNB->MUE and nearest Femto->MUE. β have the same definition of Method 1. The aim of this method is just to guarantee the SINR, and then protect the reception of the CCH of MUE. 

For Power setting on PBCH
Most FUEs are in good channel condition which implies a FUE can decode the PBCH without receiving the full set of four PBCH. The Femto could set very low power (e.g. be smaller than the receiving power of MeNB at Femto) when transmitting PBCH or mute the PBCH transmission in some of its subframe.

2.2.1 Backward compatibility

· Power control is backward compatible.
2.2.2 FDD/TDD commonality

· Power control can be utilized for both TDD and FDD.
2.2.3 Additional features

· Victim-UE aware power setting/control, whereby "power control based on strongest receiving power of MeNB at the Femto", "power setting based on objective SINR of FUE" or "Power Control based on SINR of MUE" is only enabled by Femto if it detects a MUE or if it receives an indication from MeNB that there is a victim MUE  requiring protection. Note that the power control method "Power Control based on Femto -> MUE Pathloss" already implicitly includes MeNB-based victim UE detection since the Femto -> MUE Pathloss is a measure of how close the MUE is to the Femto.
2.2.4 Estimated impact on specifications from RAN1 point of view
· Network side
· May need exchange the signal strength or interference level information and/or recommendation of power setting between MeNB and Femto
· Performance requirements for sensing of MUE by Femto
· Performance requirements for power setting by Femto
· UE side
· None
2.3 Frequency-domain solution
Reduced bandwidth for control channels [PDCCH, PHICH, PCFICH, etc] and physical signals [synchronization, CRS], such that the control channels and physical signals can be totally orthogonal to those in another layer.
· Rel-8/9 UE access and operate on the reduced bandwidth without change

· Rel-10 UE access the reduced bandwidth as a Rel-8/9 UE, but may be scheduled over the entire bandwidth
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2.3.1 Backward compatibility

· The reduced bandwidth control channel has no backward compatibility issue for Rel-8/9 UEs, as they access and operate as normal. 

· While not a backward compatibility issue, while configured with a reduced bandwidth the Rel-8 UE have a reduced peak data rate than when the bandwidth is not reduced.

2.3.2 FDD/TDD commonality

· Can be applied without limitation to TDD and FDD

· Inter-frequency measurement gaps function normally

2.3.3 Additional features 
· Victim-UE aware RB utilization, based on either:
· Determination at MeNB based on MUE measurement reports with backhaul signalling to Femto
· Sensing of MUE by Femto
2.3.4 Estimated impact on specifications from RAN1 point of view
· Network side
· Determine the bandwidth utilization for control channel and common information or the bandwidth detected by legacy UE
· May need frequency and  BW information of neighbor cells for mobility measurements or this information associated with the cell type
· May need to signal victim UE notification between MeNB and Femto.
· Performance requirements for sensing of MUE by Femto
· UE side
· PDSCH detection

· The control channels [PDCCH, PHICH, PCFICH, etc] and physical signals [synchronization, CRS] are located on the reduced bandwidth
· The additional RBs in the full bandwidth for data channel are communicated to the UE after performing access on the reduced bandwidth
· Other possible impacts
· NOTE to RAN2: The reduced bandwidth can be semi-statically configured. There is no intent to change the rate at which the system can reconfigure the bandwidth for rel-8/9.
3. Summary
This document presents a description of related issues of each candidate eICIC solution. Based on which, RAN1 would like to ask RAN2, RAN3, and RAN4 feedback respective preference of each candidate solution.
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