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1. Introduction

Some interference coordination (ICIC) techniques for HeNB deployments are summarized to highlight 3GPP work more recently done in this area.  Techniques not requiring an X2 interface between HeNBs and macro eNBs (MeNBs) are preferred.  At least one technique is described (not relying on X2) but is not anticipated to impact RAN1 with regard to Rel-8 reference architectures.
2. Need for coordination 
The need for time-frequency resource partitioning and coordination between macro-cells (MeNBs) and home-eNBs (HeNBs) in order to mitigate the following interference scenarios has been identified in RAN4 (see [1] and the references therein).  
1. HeNB ( MeNB downlink (DL) 
2. HUE ( MeNB uplink (UL)
3. MUE ( HeNB UL
4. MeNB ( HeNB DL
5. HeNB ( HeNB on DL 
6. HeNB ( HeNB on UL

A short (and non-exhaustive) summary of coordination techniques proposed in RAN4 to date are:- 
a) MeNBs “reserve” a certain number of RBs for its DL and transmit a DL high interference indicator (DL-HII) message over X2 to HeNBs in the “protection area” [2].
b)  UEs connected to a HeNB report per-subband signal to interference ratio to request/grant/deny resources to other UEs. These requests/grants are made on X2 [3].
c) HeNBs “detect” PRB allocation of MeNB by over-the-air (OTA) measurements assuming scheduling persistence for determining the MeNB resource usage [4]. But, scheduler allocation strategy is purely an implementation issue and any sort of RB usage persistence cannot be assumed. This necessitates exchange of coordination information over X2.
d) A soft-frequency reuse technique is made use of for coordination where the available resource blocks are partitioned for scheduling cell-center and cell-edge users on orthogonal resources [5]. A dynamic partitioning followed by exchange of this information between MeNB and HeNB seems desirable.
e) A macro-cell UE, in proximity of HeNB(s), effectively relays (in lieu of X2 interface) coordination information between HeNB and macro-cell through measurement reports to macro-cell and UL transmissions to HeNB – as described later in this contribution.
f) MeNB signals a blocked PRB set indication based on macro-cell UE measurement reports that HeNB(s) should not use.
In particular, for techniques a)-d), the exchange of coordination information over X2 is essential. Reference [2] proposes the architecture shown in Figure 1 for X2 for HeNBs. However, techniques e) and f) do not rely on the X2 interface.
Implementation of X2 is expensive and is not preferred by most operators. RAN2 has almost always assumed that HeNBs will not have X2 as the deployments will be uncoordinated. The current working assumption across multiple working groups is that X2 will not be implemented in Rel-9 and Rel-10 may be the earliest when X2 will be considered for HeNBs. So, alternative solutions that can enable coordination without having to implement X2/S1 would seem attractive for enabling pre-Rel-10 HeNB deployments. A UE connected to a MeNB can be effectively used towards this end. We discuss this idea further in this contribution.

A network operator would find it desirable for the overlay macro-cellular network not to experience any throughput degradation due to the deployment of HeNBs. This can be accomplished by, a mechanism which would allow for a MeNB to “reserve” a certain set of time-frequency resources for its use with a guarantee that no HeNB would transmit on those resources when there is a possibility that it would interfere with a UE being served by the macro-cell (i.e., the victim UE). Currently, inter-cell interference coordination (ICIC) function of signaling over X2 exists in Rel-8 where a cell tells another cell to modify scheduling/resource allocation of a UE that is interfering with its own allocation. UE measurements may be made to enable such signaling. 
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Figure 1 (from [2]): E-UTRAN architecture with X2 interface extended to HeNBs

3. UE as a relay for coordination information 
When a UE connected to a MeNB roams close to a HeNB, it is within the interference region of that HeNB. The event that one or more HeNB(s) are the dominant interferers to the UE DL can be deduced by the network from RSRP reports. In such a scenario, the serving eNB may transmit coordination information pertaining to a time-frequency resource partition indicating the set of resources it chooses to use (i.e., the set of resources the HeNBs are forbidden from using) to the UE within the interference range of HeNBs as shown in Figure 1. Alternately, the set of resources on which the HeNBs are allowed to transmit on can be sent to the UE instead. This information can be sent over a RRC configuration message. Upon receipt of this information, the UE relays this message to HeNBs through UL signaling. The transmit power to be used by the UE can be determined by the serving eNB (for example, based on the UE reports of RSRP of the HeNBs) or alternately, it can be determined by the UE by itself so that a suitable power level is used to ensure that the relayed information reaches all “relevant” HeNBs that can interfere with the UE. In this example, we consider the case of UE relaying DL-HII bits as per the resource block reservation approach in [2]. This principle can be generalized to cover 
· other DL interference coordination techniques [3][4][5], and

· UL interference coordination methods. 
The set of HeNBs “within range" of a macro-cell UE is also:

· the set of HeNBs that pose a significant DL interference problem to the UE,

· the set of HeNBs whose UL can be potentially interfered with by the UE.

The network can determine the HeNBs “within range” from RSRP reports tied to their respective PCID/GCID.
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Figure 2. UE within the interference range of two HeNBs relaying coordination information on its UL

The following steps can be used to enable this coordination.
[Step 1] Serving cell (eg. MeNB) determines that a UE is within interference range of HeNBs and that it needs coordination.

[Step 2] Serving cell identifies the set of resources in time/frequency (eg. set of RBs, set of subframes within a radio frame, or a combination of the two – a set of RBs on a subset of the subframes, etc.) that it wishes that HeNBs exclude from their DL or UL allocations. It sends a RRC message to the UE indicating this set (also referred to as “coordination information” in the sequel) instructing the UE to use its UL for relaying this information to HeNBs within range. 

[Step 3] The UE receives this information and then embeds it in a UL signal (some options for this signal are subsequently listed below). The serving cell may optionally set the transmit power (or the range of transmit power) the UE is required to use for its UL transmission or alternately, the UE may deduce the required power based on its RSRP measurements and certain assumptions on the HeNB DL transmit power. The idea is that all HeNBs within range of a macro-cell UE:-
· pose an interference problem to the UE (DL),  

· may be interfered with on their UL due to the UEs UL transmission, 
· need to coordinate with the macro-cell and therefore need to reliably receive the coordination information.
[Step 4] The HeNBs receive the coordination signal and may send an ACK to the UE (depending on the UL message type used). 
Several options exist for relaying the coordination message. One option (option 1) is for the macro cell UE to signal to the HeNB via its PRACH with coordination information implicit in the choice of PRACH signal parameters. The other option (option 2) is to use a combination of the HeNB’s PRACH and UL-SCH to signal the coordination information. 
4. Discussion
For both option 1 and option 2, an isolated impact on HeNB receiver implementation is anticipated with small or no change to HW relative to Rel-8 reference architectures. No impact to macro-eNBs is foreseen. If option 1 or option 2 is adopted, RAN1 effort or specification change is not necessary. However, there would be RRC signaling (RAN2) and RRM behavior/performance impact (RAN4). Both these options can be enabled with existing Rel-8 physical layer signaling. However, other signaling options optimized for relaying short messages carrying coordination information can also be designed in Rel-10 timeframe if it is deemed necessary.
The approaches discussed here extend in a straightforward manner to MeNB—HeNB interference coordination on the UL and to HeNB—HeNB DL/UL interference coordination.

The implementation impact of enabling UE-based coordination information relaying in Rel-9 are summarized respectively in Table 1.

	
	UE HW impact
	UE SW impact
	eNB HW/SW impact

	Option 1 - PRACH
	None
	Small change
	Isolated impact on HeNB receiver

	Option 2 – UL-SCH
	None
	Small to significant depending on implementation
	Isolated impact on HeNB receiver


Table 1 - Summary of implementation impact
5. Conclusions
It is well understood that interference coordination is critical to the successful co-channel deployment of HeNB (shared-carrier or partial BW cases). Most ICIC-type techniques proposed so far assumed access to the X2 interface. However, the earliest release where X2 might be implemented for HeNBs is Rel-10 which means that many of the ICIC-type methods cannot be enabled which renders co-channel HeNB deployments risky. 
In this contribution, we:-
· Summarize different heterogeneous interference coordination techniques recently proposed in 3GPP which mainly depend on X2 interface between HeNBs and macro-UEs

· Propose that depending on X2 for for HeNB interference coordination is risky for HeNB deployments before Rel-10 since this is the earliest that X2 might be implemented for HeNBs

· Propose using UEs connected to macro-eNBs for relaying coordination information from the macro-eNB to a HeNB (or between two HeNBs) which avoids using X2 and can be used in Rel-9 HeNB deployments

This essentially means that many of the ICIC-type methods that rely on fast exchange of coordination information can be enabled in Rel-9 even with X2 absent. For Rel-10 and beyond, the method proposed in this contribution is a low cost (or even a no cost) alternative to a X2 implementation for enabling interference coordination in heterogeneous deployments comprising HeNBs/femto cells/pico-eNBs/relays. It is proposed that RAN1 investigate the proposed method as an alternative to X2 in the study item phase.
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