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1. Introduction

RAN1 have received LS from RAN3 related to the ongoing Rel-11 work item (now postponed till Rel-12) on carrier-based ICIC (CB-ICIC) [1]. RAN3 have also provided fairly detailed technical report, summarizing agreed use cases for CB-ICIC, as well as the considered solution candidates and comparison metrics [2]. The received LS in particular contains questions related to the downlink HetNet interference scenario with macro and pico, where the carrier aggregation (CA) feature is available on the network side, and both CA capable UEs and legacy UEs with no CA support are present in the system. 
RAN3 asks RAN1 opinion on the following:
1) With respect to the user plane, information about transmit power for Physical Resource Blocks (PRBs) used for data channels is exchanged among eNBs. In this regard RAN3 has identified two options, the first consisting in enabling RNTP threshold negotiation between victim and aggressor eNBs and the second consisting in enabling the victim eNB to recommend a transmit power (or transmit power reduction) to the aggressor eNB. RAN 3 kindly asks RAN1 to evaluate the feasibility and the benefits of these enhancements compared with available solutions.

2) With respect to the control plane, RAN3 has discussed different mechanisms and kindly asks RAN1 whether a coordination of protected resources in the frequency domain between eNBs is beneficial for the problem above.

Note that according to the information provided by RAN3 in [1]-[2], as well as in the CB-ICIC work item description, the required standardization for the considered CB-ICIC solutions are limited to enhancements of inter-eNB X2 signalling, and does therefore not require updates to specifications under RAN1’s responsibility.
For the sake of easy referencing, we summarize the considered downlink interference scenario in Section 2 based on content provided by RAN3 in [2]. In Sections 3 and 4 we provide more input to the two main questions received from RAN3. Based on those considerations, Section 5 concludes the contribution by proposing a reply to RAN3.

2. Summary of downlink interference scenario
For easy referencing, the following text marked with blue colour is copy-paste of the downlink interference scenario as described in [2] by RAN3:
DL interference in macro-pico environment:

In this case, to enable appropriate offloading of users to pico cells there will be a group of users that are served by the pico cells while still far away from it, as represented in figure 1. In this case, these users will in fact suffer from a strong interference from the macro cell, which needs to be mitigated with ICIC techniques, in the time-domain or frequency-domain or in combination. 

In such scenario, providing inter-eNB assistance can be beneficial to optimize the selection of resources protected from interference, while mitigating interference with available ICIC mechanisms for those users.
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Figure 1: Users in heterogeneous network: (a) close to macro; (b) close to pico; (c) in intermediate region (e.g. pico cell edge).

A related scenario discussion was previously captured by RAN1 in LTE-Advanced study item report (3GPP TR 36.814). The below text marked in blue colour is copy-paste of the aforementioned text from 3GPP TR 36.814:
9A.2.1
CA-based scheme

Carrier aggregation (CA) with cross-carrier scheduling using CIF , described in Section 5.2 and agreed to be part of Rel-10, can be used for heterogeneous deployments. Downlink interference for control signaling can be handled by partitioning component carriers in each cell layer into two sets, one set used for data and control and one set used mainly for data and possibly control signaling with reduced transmission power. One example is illustrated in Figure 2. For the data part, downlink interference coordination techniques can be used. Rel-8/9 terminals can be scheduled on one component carrier while Rel-10 terminal capable of carrier aggregation can be scheduled on multiple component carriers. Time synchronization between the cell layers is assumed in this example.
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Figure 2: One example of carrier aggregation applies to heterogeneous deployments.
Note that the two described scenarios from [2] and 36.814 are almost identical and consider cases where the pico-eNB serves users in the range extended area, where the pico-UEs are typically subject to potentially high downlink interference from the macro eNB. The level of macro-cell interference received by the pico-UEs naturally depends on multiple factors, including the level of pico range extension (also known as cell range expansion or cell individual bias).

The scenario depicted in Figure 2 (as previously proposed by RAN1 during LTE-A SI phase), corresponds to the case where cross component carrier (CC) scheduling is used to solve control channel interference problems. This is basically achieved by letting the macro send control channels like the PDCCH only from f1, while the pico only transmit such channels from f2. Hence, the macro and pico have nearly no transmission in the first symbols per subframe on f2 and f1, respective. This means that the mutual macro-pico control channel interference is heavily reduced. It shall be noticed that the former of course requires coordination between the macro- and pico-layer, and also means that macro-UEs uses f1 as their PCell, while pico-UEs uses f2 as PCell, since cross-CC scheduling is only supported from the users PCell in Rel-10. Thus, essentially calls for coordinated PCell configuration of users between the macro- and pico-layer. 
3. Data channel CB-ICIC Enhancements for RNTP
For the sake of easy referencing, the text below in blue summarizes the proposed channel CB-ICIC enhancements related to RNTP as described in [2] – also referred to as Solution alternative 3A:
Solution 3A consists of the following:

A.
The Relative Narrowband Transmit Power IE (RNTP) included in the Load Information message is used to exchange information about transmit power for Physical Resource Blocks (PRBs) used for data channels, in order to assist carrier selection for users strongly interfered by macro cell in HetNet deployments.

A-1)
No enhancement to current mechanisms

A-2)
Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about 

A-3)
Enable an eNB to send the recommended transmit power and/or expected power reduction to another eNB, to achieve protected resources

A-4)
Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB to increase or decrease the used RNTP threshold

The above proposal allows inter-eNB exchange / coordination of assumed transmit power threshold for RNTP. It appears like a rather simple enhancement of existing Rel-8 ICIC mechanisms – not requiring any explicit standardization effort for RAN1. This enhancement can in principle help macro-pico coordination such that certain pico-UE data channel resources are protected by having the macro transmit with lower power on those resources. We therefore propose that RAN1 recommends RAN3 to continue finalizing X2 specifications to support such enhancements as this is considered useful, and having marginal impact on specifications.
4. Other CB-ICIC enhancements
Another solution proposal for CB-ICIC downlink interference scenario by RAN3 in [2] is the following (blue text is directly copy-paste from [2]):
Solution 1: Interference indication and loading for data and control channels for multi-carrier

In this solution an eNB informs neighbour eNBs about DL interference problems on carrier X, both in data and control regions, and exchanges the information about Pcell vs. SCell carrier loading. The neighbour eNB can use this information when deciding on the assignment of a UE PCell and SCell(s), to achieve resource protection: in reaction to high DL interference indication, eNBs may allocate users' PCells of UE to different carriers and reallocations may be limited to SCell reconfigurations. Upon receiving the indication of interference problems, the peer eNB may for example reduce the number of users using carrier X (e.g. by de-activating SCells on carrier X), or reduce the transmission power on carrier X, to mitigate interference in the data region, as well as may reduce its transmission power for the control channel region on carrier X (e.g. using cross-carrier scheduling for carrier X, such that PDCCH scheduling grants for carrier X are send from other carriers) , or scatter CCEs in more PDCCH symbols to mitigate interference in the control region. Knowing in addition the loading in terms of Pcell and Scell could help an eNB to decide on the assignment of a UE PCell and SCell(s), e.g. when neighbour cells mainly use carrier 1 for PCell, the eNB can select carrier 1 more for SCell of its users, which allows a quick deactivation.

The solution involves the following enhancements:

A.
Exchanges the information about Pcell vs. SCell carrier loading over X2

B.
Exchange interference indication for data channels over X2

C.
Exchange interference indication for control channels over X2

The indication about data interference problem on a given carrier could be a single binary message, but also could include higher level of granularity to indicate the criticality of the data channel interference problems. Moreover, if the peer eNB for some reasons is not able to take actions for reducing the interference on carrier X, it may inform the initiating eNB about the problem. The PCell/SCell carrier load may be implemented as an extension of the Resource Status Report Initiation and Resource Status Report procedures, e.g. in a form of number of users for whom the carrier is PCell or SCell.

DL control channel interference on a given carrier could be estimated based on existing mechanisms (no impact on the UE). For example, an eNB may consider a UE is suffering high DL interference in control channels in case it does not respond in large ratio as expected to control information, like scheduling grants. The controlling eNB can take this into account and exchange the information, if requested, with its neighbours to improve the PCell and SCell selection.
Referring to the discussions in Section 2 and 3GPP TR 36.814, Solution 1 constitute a simple framework for having coordinated PCell configuration between macro and pico, such that cross-CC scheduling can be utilized to minimize control channel interference problems. Solution 1B and 1C can be viewed as an equivalent of the X2 message “Invoke” as defined for Rel-10 eICIC. Hence, the X2 information exchange proposed in 1B and 1C is basically for the pico to inform the macro of interference problems of data channels and control channels, respectively. 
Solution 1 and Solution 3A are not viewed as competing solutions, but rather as supplementary solutions that could work nicely together. As an example, if Solution 1B is used by the pico to indicate data channel interference problems (i.e. triggering the need for data channel CB-ICIC), Solution 3A could be used to reduce the macro eNB transmission power of some resources in a coordinated manner to alleviate the detected problem.  
5. Further discussion and concluding remarks

Based on the presented evaluation in this contribution, we conclude the following and suggest having it communicated to RAN3 as reply to the received LS in [1]:
RAN1 acknowledge the work on CB-ICIC for downlink interference as described in [2]. Having support for coordinated HetNet interference management in the carrier domain is considered as useful techniques that supplements existing Rel-8 ICIC and Rel-10/11 (F)eICIC solutions. Based on the provided material from RAN3 [1]-[2], it is RAN1’s understanding that no additional standardization effort is required by RAN1 for completion of the proposed CB-ICIC solutions for downlink scenarios.
Solutions 1 and 3 in [2] for handling both coordinated data and control channel CB-ICIC are considered useful, and are seen as complementary solutions, rather than competing solutions. From RAN1’s point view, it is therefore recommended that RAN3 continues with standardization of those proposals.
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