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1. Introduction

In [1] it was agreed to include eNB – HeNB SC scenarios (both for coordinated and uncoordinated HeNBs) in the focus of CA ICIC WI.

Possible mechanisms for ICIC should be based on separation of RF transmitted signals in frequency, time spatial and/or code domains. This document summarizes the needs of ICIC mechanism for more interesting eNB – HeNB SC scenarios, and the main characteristic of signalling needed to achieve this ICIC.

2. Discussion
From the four possible ICIC mechanisms, code division is supposed to be out of the scope of current LTE and LTE-A Uu interface,  and therefore out of the scope of this document.

Related with spatial domain for eNB-HeNB, accordingly with [1] “Foreseen scenarios are based on SC-HeNBs deployed in the Macro coverage area”. Therefore no spatial separation among eNB and HeNB coverage areas are expected, more that the separation provided by indoor / outdoor and attenuations accordingly with the layouts deployments covered in [2] Appendix A.2.1.1.2, from which the Table  1 is extracted
Table  1 : Extracted from [2]Table A.2.1.1.2-3. Heterogeneous system simulation baseline parameters
	Minimum distance between new node and regular nodes
	>=75m

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node (RRH/Hotzone, Femto, Relay)
	For outdoor RRH/Hotzone
> 10m 
For indoor RRH/Hotzone
>= 3m
	>= 3m
	Outdoor relay:> 10m
Indoor relay: >= 3m

	Minimum distance among new nodes
	40 m
	40 m cluster radious 
	40 m


Being said in [2] “Heterogeneous deployments consist of deployments where low power nodes are placed throughout a macro-cell layout”, and referring to HeNB are characterized as in 
Table  2 : Detail from [2] Table A.2.1.1.2-1. Categorization of new nodes

	HeNB (i.e. node for Femto cells)
	No X2 as baseline (*)
	Closed Subscriber Group (CSG)
	Placed indoors. Consumer deployed.


(*): Baseline is in accordance to Rel-8/9 assumption. Evaluations with interference management for HeNBs  (via X2 or other means) allowed to assess interference management benefits
The interference cases covered in [2] , are reproduced en Figure 1, in which showed interference are:

· eNB to MUE DL interfered by HeNB DL (a)

· HUE to HeNB UL interfered by MUE UL (b)

· HeNB to HUE DL interfered by HeNB DL (c)
It should be considered that also HeNB to HUE DL will be interfered by eNB DL

[image: image1.png]Inter-cell interference (dotted)




Figure 1 :  Extracted from [2] Fig 9A-1Examples of interference scenarios in heterogeneous deployments
Proposal 1:  Include as possible eNB HeNB interference scenarios: 

•
eNB to MUE DL interfered by HeNB DL (a)

•
HUE to HeNB UL interfered by MUE UL (b)

•
HeNB to HUE DL will be interfered by eNB DL

 Those exposed interference could appear in the data and control part of the Uu interface. However, defining appropriately the HeNB and eNB carriers bandwidth and central frequencies,  accordingly with [3] proposal HeNB DL carrier will not be overlapped with the center 6 RBs of macro’s DL carrier, where PSS/SSS/PBCH occurs. As a result, HeNBs will not be affected by macro’s PSS/SSS/PBCH, and will not interfere with these physical channels.
For data Physical Channels interference, in Release 11 two new ICIC mechanisms are being designed, one based on carrier aggregation and other on Almost Blank Subframes (ABS), correspondingly with frequency and time domains, already mentioned. These new mechanisms are somehow a compromise of frequency and time usage of available radio resources for a eNB scheduler.

Proposal 2: Interference scenarios in proposal 1 should be solved in time or frequency domains
No direct X2 connection is admissible, for security reasons, among eNBs and HeNBs, since the HeNB is by definition a device targeted to be placed in customer premises. However current interference situation could be notably improved by establishing some kind of “best effort” broadcast information from eNB to HeNBs in its coverage area, related with frequency or time domains that will not be used in next Uu frames. It is worthy to mention that this kind of broadcast information will not need any ACK by any HeNB, avoiding any security issues that could appear in a bidirectional communication.

In this sense Telefónica has presented two documents in which advantages are mentioned on the use of OTA ICIC signalling using CA technology[4], and in the same way backhaul communications among eNBs and HeNBs with a broadcasting UDP protocol could be used.

 Proposal 3: Communication of time or frequency domains preferably used by HeNBs should be communicated in a broadcast way from the eNBs in which coverage area HeNBs are deployed.

The use of time domain information, in order to obtain ICIC among a eNb an a HeNB, as using ABS will require a good time synchronization among both. This synchronization could be achieved by GPS signals, but since HeNB deployment scenarios are typically indoor, this assumption is not very realistic. Neither backhaul connections to the HeNBs are supposed to include time synchronization, since HeNB are very much cost driven devices. Therefore in our understanding if ABS are to be used OTA ICIC signalling should be used as the preferred solution, since it can provide synchronization among eNB and HeNBs.
Proposal 4: if time domain is to be used for eNB HeNB ICIC, OTA ICIC signalling is the preferred solution.
On the other hand, for frequency domain sharing of radio resources no special synchronization is needed. In this case advantage could be obtained by HeNB of the knowledge of frequency bands not indented to be used by eNBs in future frames. As in any other data networks efficiency is increased by multiplexing gain between applications with changing data rate needs, that is changing assigned bandwidth from eNBs to HeNBs.
For both time or frequency domain ICIC, information of the available radio resources usable by HeNBs, due to the foreseen not need from eNBS, need to include a precise time line, for both starting time for radio resource usage and ending time for radio resource usage.
Proposal 5: For any ICIC mechanism selected (based on time or on frequency domain), the eNB should notify the HeNB the time stamps for starting and ending the use of the signalled radio resources as free for HeNB usage.

3. Conclusion

Several proposal have been argued to be included in the HeNB to eNB ICIC scenarios.
Proposal 1:  Include as possible eNB HeNB interference scenarios: 

•
eNB to MUE DL interfered by HeNB DL (a)

•
HUE to HeNB UL interfered by MUE UL (b)

•
HeNB to HUE DL will be interfered by eNB DL

Proposal 2: Interference scenarios in proposal 1 should be solved in time or frequency domains
Proposal 3: Communication of time or frequency domains preferably used by HeNBs should be communicated in a broadcast way from the eNBs in which coverage area HeNBs are deployed.
Proposal 4: If time domain is to be used for eNB HeNB ICIC, OTA ICIC signalling is the preferred solution.

Proposal 5: For any ICIC mechanism selected (based on time or on frequency domain), the eNB should notify the HeNB the time stamps for starting and ending the use of the signalled radio resources as free for HeNB usage.
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