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1. 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 is below. 
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 [3]. These requests/grants are made on X2.
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) Macro-cell UE 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 in this contribution.
f) MeNB signals a blocked PRB set indication based on macro-cell UE measurement reports that HeNB 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

2. 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 (details on this signal in the sequel). 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 – details in the sequel). 
Several options exist for relaying the coordination message. Two of them are described below.
UL Signaling Option 1 – PRACH is signaling mechanism to HeNB
In the first signaling option, PRACH is made use of either in open-loop mode or in closed-loop. The signaling can be executed by the following steps.
[Step 1] The UE first sends a PRACH (the serving cell can send the allowed PRACH preamble group index, RA-preamble index, and PRACH preamble configuration to be used similar to that done during a HO command) and expects a RACH-response. The coordination information can be embedded over one or more PRACH signal parameters (i.e., implicit signaling)
· PRACH offset in frequency domain

· ZC sequence root and cyclic shift. 
One example how implicit signaling can be carried out is as follows. In Rel-8 FDD, for a 10 MHz DL/UL system, there are 45 frequency offsets possible for PRACH. There are 838 roots for the ZC sequence enabling each with a certain number of allowed cyclic shifts (say, 32 shifts per ZC sequence is configured), resulting in 838 x 32 combinations of roots and cyclic shifts. By implicitly encoding of coordination information in the PRACH frequency offset, ZC sequence index and cyclic shift, up to floor(log2(45*838*32)) = 20 bits per PRACH (= 6 PRBs) can be transmitted. Suppose that the time-frequency resources are partitioned as subbands of 3 PRBs in frequency, there are 17 subbands and one PRACH signal would be sufficient for signaling the set of “reserved” subbands (eg. DL-HII as per [2] is sent where one bit is signaled for every 3 PRBs). If there are more subbands or more bits of coordination information to be relayed, the relayed coordination signal could comprise of multiple PRACH signals.  
In order to reduce the eNB PRACH processing complexity, a certain subset of all allowed frequency offsets, ZC roots and cyclic shifts may only be allowed. A proper selection of this subset would allow some control over missed detection rate and false alarm rate.
[Step 2] One or more iterations of PRACH transmission may be used (similar to the Rel-8 initial RACH process where a re-transmission is initiated if a RACH-response is not received and the power is ramped up for the re-transmission) to improve reliability. The PRACH power should be set with the following considerations.

· The initial PRACH power should be set such that at least the closest HeNB receives the PRACH message reliably.
· The PRACH power on the first or remaining attempts should be high enough to reach to the furthest HeNB that poses an interference problem.

· The PRACH power on the last (or any) iteration should not be so high as to reach a HeNB which does not pose an interference problem.

[Step 3] Since the timing of the HeNBs within range is known to the UE after cell search, it knows where to expect the RACH-response from each HeNB. It might be desirable for the MeNB to signal the DL bandwidth of all HeNBs deployed in that band (and the their carrier offsets if partial bandwidth HeNBs are deployed with overlapping bandwidth) so that the UE can decode PDCCH transmission from HeNBs that receive the coordination signal via PRACH. Further, the RACH-responses can be staggered in time (i.e., transmission on different subframes through pseudo-random subframe selection as a function of PCID/GCID) or transmitted on different time windows so that the UE does not receive RACH-response from more than one HeNB on the same subframe with a high probability. The RACH-responses from all of the HeNBs that receive the relayed signal can be decoded by the UE. The UE may optionally send a list of HeNBs that respond (and are a part of ICIC coordination) in a RRC response message to the serving eNB indicating the set of HeNB that responded and are willing to coordinate. For the inter-frequency case (eg. 5 MHz HeNB offset by 2.5 MHz in a 10 MHz overlay macro network), DL/UL gaps may be necessary.
Clearly, Step 1 and Step 2 are sufficient if the relay signaling were to be enabled in a open-loop mode (i.e., no RACH response). Step 3 allows for the macro network to maintain a list of HeNBs that are participating in ICIC-type coordination so that it has the option of disabling a certain aggressor HeNB which is posing a severe interference risk or moving it off to another frequency (for example, through S1 signaling).
UL Signaling Option 2 – UL-SCH is primary signaling mechanism to HeNB
In an alternate option, the signal flow is similar to that during a connection setup upon handover. The signaling can be executed by the following steps.
[Step 1] The UE first sends a PRACH and then receives RACH-response from at least one HeNB (the serving cell can send the allowed PRACH preamble group index, RA-preamble index, and PRACH preamble configuration to be used similar to that done during a HO command). Similar to that for the previous option, the RACH-response transmission occasions can be tied to the PCID/GCID of the HeNBs so that the UE receives at most one PDCCH with RA-RNTI (with high probability). The target HeNB sending the response sends an UL grant where the UE can transmit further information.
[Step 2] The UE embeds the coordination information in UL-SCH and transmits it on the allocated resources respectively to each HeNB that sends a grant. The relaying terminates with the successful completion of the HARQ process.
[Step 3] This is similar to the previous option, where the UE reports back to the serving eNB the list of HeNB that agreed to coordinate.
3. Discussion and potential applications
Option 1 is an “UL broadcast” scheme and is less complex on the UE side. But, unlike option 2, there is hard limit on the size of the coordination information that can be relayed (because of implicit signaling). This option may entail changes to the HeNB implementation (relative to Rel-8) if the existing architecture cannot be scaled.
In Option 2, the UE would have to save the connection context with the serving eNB prior to initiating RACH or UL HARQ with the HeNB (similar to that during DL/UL gaps for inter-frequency measurements in Rel-8). But, the implementation complexity on the HeNB side would remain the same as that in Rel-8.
Some aspects common to both options are summarized below.

1. The serving eNB may decide not schedule the UE involved in relaying for a certain duration of time. It may do so by configuring a DL/UL transmission gap explicitly.

2. The UE transmits a message on the uplink indicating that a MeNB is instructing the HeNBs not use schedule their own users on certain time/frequency resources.  Two implementations can be envisaged as follows. 

· In one implementation, any HeNB that can decode the message honors the request. Thus, the message might not be targeted to a particular HeNB.  In this case, no ACK would be needed from the HeNB to the UE, although this can be made optional as in Step 3 of option 1. The resources could be released with a second uplink message from the UE, or alternatively, the request could have an expiration time so that even if no release message is transmitted (or if transmitted and not received) the resource is still eventually released. With this implementation, the UE does not even need to know the identity of the interfering HeNBs. The power setting of the uplink transmission could be chosen so that only HeNB's close enough to interfere with the UE would be silenced on the reserved resources.  Thus, the decision as to which HeNBs should be silenced is implicit in the UL power setting which can be made either by the UE autonomously (based on RSRP reports, etc.) or by the serving eNB (by RRC signaling).  Furthermore, neither the UE nor the serving eNB needs to know the identities of the HeNBs being silenced as a single common message is used to silence multiple HeNB's rather than one message per HeNB. 
· In an alternate implementation, one uplink message could be designed to carry a list of HeNBs to be silenced on the given time/frequency resource with a header containing the list of PCIDs/GCIDs as part of the coordination information. This alternative is more suitable with option 2.

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 standardization and 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
	Standards impact

	Option 1 - PRACH
	None
	Small change
	Isolated impact on HeNB receiver implementation (no impact to macro-eNBs). Possible HW changes relative to Rel-8.
	1. No RAN1 effort or specification change

2. Change to RAN2 specifications (RRC signaling)

3. Change to RAN4 specifications (performance requirements and tests)

4. RAN3 specification change (FFS)

	Option 2 – UL-SCH
	None
	Small to significant depending on implementation
	Isolated impact on HeNB receiver implementation (no impact to macro-eNBs). HW change relative to Rel-8 is not anticipated.
	1. No RAN1 effort or specification change

2. Change to RAN2 specifications (RRC signaling)

3. Change to RAN4 specifications (performance requirements and tests)

RAN3 specification change (FFS)


Table 1. Summary of standardization and implementation impact

4. 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 propose using UEs connected to macro-eNBs for relaying coordination information from the macro-eNB to a HeNB (or between two HeNBs). 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. It is proposed that RAN4 take this proposal into account in its efforts in FDD/TDD HeNB work items.
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