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1. Introduction
The enhanced ICIC (eICIC) scheme in a non-CA based heterogeneous network (HetNet) has been discussed in recent RAN1 meetings. In the RAN1#62 meeting, the following was agreed in the macro-femto deployment scenario [1]:

· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions
· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

It is seen there is no backhaul coordination over X2 and S1 between the macro and femto eNBs. In this contribution, we focus on the specification impacts resulting from this issue. We concentrate on two subjects: the pattern of almost blank subframes (ABS) and the procedure of eICIC activation and deactivation.
2. Discussion on Specification Impacts
2.1. Pattern of Almost Blank Subframes
The almost blank subframe (ABS) mechanism [2-7] is a time-domain solution extensively discussed in recent RAN1 meetings, where the macro eNB (MeNB) assigns victim macro UEs (MUEs) in some specific DL subframes in which the home eNB (HeNB) ceases transmission except for CRS and the PDCCH masked with P-RNTI and SI-RNTI. These particular DL subframes are called ABS. To keep the operation of ABS mechanism, both MeNB and HeNB need to know which subframes are employed as ABS. Since there is no backhaul signaling between MeNB and HeNB, the pattern of ABS and the rule governing their utilization should be predefined.  
The planning of the ABS pattern should at least consider the DL-UL transmission timing, including the HARQ process and the delay between PDCCH DCI format 0 and UL transmission. In the following, the design in FDD and TDD modes is discussed separately. 

2.1.1 FDD Mode

· HARQ Process

In FDD mode, if DL data on the DL-SCH is transmitted to the UE in subframe n, the terminal attempts to decode the received signal and transmits the HARQ acknowledgement in the UL subframe n＋4. Upon reception of the HARQ acknowledgement, the eNB can, if necessary, retransmit the DL data in subframe n＋8. Thus, the roundtrip time of HARQ in DL data transmission is 8 subframes. 
On the other hand, if UL data is transmitted to the eNB in subframe n－4, the eNB transmits the HARQ acknowledgement in the DL subframe n. Upon reception of the HARQ acknowledgement, the UE can retransmit the UL data in subframe n＋4 if needed. Thus, the roundtrip time of HARQ in UL data transmission is also 8 subframes.

· Delay between PDCCH DCI format 0 and UL transmission

If PDCCH DCI format 0 is transmitted to the UE in DL subframe n, the terminal shall adjust the corresponding PUSCH transmission in the UL subframe n＋4. Upon reception of the PUSCH, the eNB sends the acknowledgement in the DL subframe n＋8. Thus, the roundtrip time is also 8 subframes.

We have the observations that
Observation 1: If the DL subframe n is an ABS, then DL subframe n＋8 shall be an ABS as well. 
Observation 2: If the DL subframe n is an ABS, the corresponding UL transmissions occur at UL subframes n－4 and n＋4.

Depending on the required resources for victim MUEs, different amounts of ABSs are employed. In the least case, the distance of every two adjacent ABS is 8 subframes. Such a set of ABS with the distance of two adjacent elements equal to 8 subframes is called a set of ABS. In Figure 1, three sets of ABS and the corresponding UL subframes are shown, where each block represents a subframe.
[image: image1.png]TR o I ——— - —— -
: the 1+ set [ the 27 set Bl the 37 set

UL T e e T T W T T T W W ]




Figure 1: Three ABS sets in FDD mode.
The utilization of ABS sets should be known to both the MeNB and HeNB considering the constraint that there is no backhaul signaling between MeNB and HeNB. This consists of at least the following questions: 

· Is the number of employed ABS sets fixed, or is this number dependent on the required resources of victim MUE? If the latter, how can the MeNB and HeNB get synchronized with this number?

· Which ABS sets are employed? 
2.1.2 TDD Mode
Table 1: k1 for TDD configurations 0-6
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Table 2: k2 for TDD configurations 0-6
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· HARQ Process

In TDD mode, if UL data on the UL-SCH is transmitted to the eNB in subframe i－k1, the eNB transmits the HARQ acknowledgement in the subframe i. Upon reception of the HARQ acknowledgement, the UE can retransmit the UL data in subframe i＋k2 if necessary. The values of k1’s corresponding to different values of i are given in Table 1, and the values of k2’s corresponding to i are given in Table 2. To make the most efficient use of ABS, it is desirable to have UL subframes i－k1 and i＋k2 coincident. In so doing, we need only two subframes (one for DL and one for UL) per frame to enable the HARQ process. 
· Delay between PDCCH DCI format 0 and UL transmission

The delay between PDCCH DCI format 0 and UL transmission is defined in Table 2. Specifically, a UE upon detection of a PDCCH with DCI format 0 in subframe i, it adjusts the corresponding PUSCH transmission in subframe i＋k2. Thus, if the timing of the HARQ process has been taken care, there is no need to address this issue.
For example, in the UL-DL configuration 2, subframe 3 (DL) can be used as an ABS, and its correspondence in the UL is subframe 7. The design of ABS may also consider other factors such as a special subframe cannot be an ABS, and so on.
Based on the discussion above, we have the following observations:
Observation 3: The pattern of ABS should be predefined in specifications, and its utilization should be known to both MeNB and HeNB considering the constraint of no backhaul signaling.
Observation 4: The design of ABS pattern should at least consider HARQ operation and the delay between PDCCH format 0 and UL transmission.
2.2. Procedure of eICIC Activation/Deactivation 
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Figure 2: Procedure of HeNB eICIC activation/deactivation procedure.

When power setting and/or ABS mechanism are activated, the DL throughput of HeNB is generally decreased. Thus, it is desirable that HeNB activates eICIC only if there are victim MUEs nearby. The block diagram of HeNB eICIC activation/deactivation procedure is given in Figure 2. Although the MeNB can detect victim MUEs by means of e.g. the measurement reports of the DL channel or other proprietary methods, as there is no backhaul signaling, the HeNB needs to perform the victim MUE detection by itself. Some possible detection algorithms are given below.
· Detect victims in the UL subframes corresponding to ABS.
· Detect victims by interference over thermal noise and reference signal [8] 
The HeNB can monitor the variation of interference over thermal noise along the frequency/time domain of the received signal. If the variation exceeds a threshold, there may be victims nearby. 
The detection can also be based on UL reference signal such as PRACH, SRS, and demodulation reference signal. Take PRACH as an example. When the victim MUE is severely interfered, it cannot decode the UL grant sent by the MeNB so that the UL transmission does not occur. Actually, under severe interference, the victim’s DL radio link fails, and the victim will transmit PRACH to re-synchronize with the MeNB. The HeNB knows there are victims around when PRACH is continuously detected. 
Once the HeNB detects some victim MUEs and decides to activate eICIC, the HeNB needs to determine the execution order of power setting and ABS mechanism. Some possibilities are

· Power setting first; if insufficient, then also ABS mechanism;
· ABS mechanism first; if insufficient, then also power setting;
· Both power setting and ABS mechanism are executed at once. 
Another issue worthy of attention is the timing adjustment of the HeNB if time shifting is used in the eICIC, i.e. the block of “HeNB performs specific timing offset” in Figure 2. If the HeNB applied the timing offset only when the eICIC mechanism was activated, its serving home UE (HUE) might lose the connection due to the change of frame boundary, leading to radio link failure (RLF) at HUE. To remedy, time shifting should be applied before a HeNB serves its HUE. In fact, a HeNB can adjust its timing once it achieves DL synchronization with the overlapped MeNB. When eICIC is triggered, the HeNB simply adjusts the transmit power and/or mute some subframes without additional timing adjustments.  Hence, RLF is avoided and the services for HUEs can be maintained.  
Based on the above discussion, we have the following observations.
Observation 5: MeNB and HeNB need to perform victim MUEs detection independently.
Observation 6: Once the HeNB decides to activate eICIC, the execution order of power setting and ABS method should be defined in the specification. 
Observation 7: If time shifting is adopted in eICIC, HeNB shall adjust the timing once it achieves DL synchronization with the overlapped MeNB; time shifting should be applied before the HeNB serves its HUE.
3. Conclusion
This contribution focused on the specification impacts resulting from the issue of no backhaul signaling between MeNB and HeNB. The subjects of the ABS pattern and the procedure of eICIC activation and deactivation were investigated. Several observations were made; from them, the following specification impacts are identified.
Impact 1: The pattern of ABS and the rule of its utilization should be predefined in specifications.
Impact 2: MeNB and HeNB need to perform victim MUEs detection independently.

Impact 3: If eICIC is to be activated, the execution order of power setting and ABS mechanism should be defined in the specification.
Impact 4: If time shifting is adopted in eICIC, HeNB shall adjust the timing once it achieves DL synchronization with the overlapped MeNB; time shifting should be applied before the HeNB serves its HUE.
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