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1. Introduction

In the RAN#58 plenary meeting, the work item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved [1]. The RAN1 WG sent two LSs to other RAN WGs, informing them about the progress and agreements made so far by RAN1 WG. In particular, RAN1 WG has made prioritization of the scenarios to be used for eIMTA RAN1 WGs in LS [2]:
Agreements on the deployment scenarios for TDD eIMTA

· At least the multi-cell scenarios that show feasibility during study item phase should be supported in Rel-12 LTE TDD eIMTA work item, as the following

· Scenario 1: Multiple Femto cells deployed on the same carrier frequency

· Scenario 2: Multiple Femto cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and Femto cells can adjust UL-DL configuration

· Scenario 3: Multiple outdoor Pico cells deployed on the same carrier frequency

· Scenario 4: Multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration
· Take scenarios 3-4 with the first priority for further evaluation and design

· FFS if other scenarios shall be considered in this work item, e.g. multiple operators deploying small cells with eIMTA operations on adjacent channels, co-channel macro-pico case (scenario 6 as in TR)

In addition, in order to facilitate DL-UL interference management and traffic adaptation, RAN1 WG recommended to introduce new backhaul signalling [2-3]: 

Agreements on the backhaul signalling
· The OI over X2 is subframe-set dependent (up to 2 sets)
· For subframe-set dependent OI, the association of the subframe-set dependent OI with each subframe is determined by X2 message(s)

· Details up to RAN3

· No consensus to introduce subframe-set dependent HII and RNTP for eIMTA

· No consensus to introduce information about a set of >1 UL-DL configurations over X2 for eIMTA

·  Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration
Beside that, RAN1 WG agreed to introduce to two UL PC parameter sets for operation in eIMTA capable cells to handle DL-UL interference.
In this contribution, we share initial views on the scope of eIMTA work that should be conducted by the RAN4 WG for feasibility studies.
2. Discussion on Feasibility Studies
In this section we discuss main aspects for feasibility studies to be conducted by the RAN4 WG. In particular, we discuss deployment scenarios, feasibility criteria, DL-UL interference mitigation schemes.
Deployment scenarios

The co-channel Pico-Pico (Scenario 3) and adjacent channel Macro-Pico (Scenario 4) scenarios were taken with the higher priority for eIMTA system design in the RAN1 WG. Following RAN1 WG agreements, these scenarios should be also considered with higher priority by RAN4 WG for feasibility studies. 

Proposal 1:

· Take scenarios 3-4 with the first priority for feasibility studies in RAN4 WG.

Traffic model

The RAN1 WG conducted a lot of studies using non full-buffer traffic model (FTP model 1 and FTP model 3) showing significant eIMTA benefits in terms of DL and/or UL packet throughput at low and medium system loadings. For the RAN4 WG analysis, we suggest to deviate from this methodology and analyse the worst case using full buffer traffic model. At the same time, in order to check different system loadings we suggest using methodology when part of the cells (selected randomly) does not have any traffic (e.g. consider cases when all cells have traffic 100%, or only part of the cells: 50% and 25%).
Proposal 2:

· Use full buffer traffic model for feasibility analysis in RAN4 WG. 

· Consider to analyse different system loadings by random activation/deactivation of the X% of the cells.

UE association criteria

One of the common UE association criteria is based on the maximum received power. However, for the case of adjacent channel scenario this criterion may not be appropriate due to several reasons. First of all, Macro cells do not adapt UL/DL configuration dynamically and thus for eIMTA capable UEs it may be more beneficial to connect to the Pico cells. Secondly, Macro cells may have more associated UEs due to higher TX power, and some Pico cells especially located close to Macro eNodeB may not have any associated UEs. In adjacent channel scenario, it may be interesting to consider another association criterion, e.g. based on the maximum eNB-UE pathgain. In this case more UEs may associate with the Pico cells. In practice, the network may do user offloading to emulate such scenario.
Proposal 3:
· For feasibility analysis of Pico-Pico co-channel scenario the maximum received power association criteria is used.
· For feasibility analysis of Macro-Pico adjacent channel scenario several association criteria are evaluated maximum received power and maximum pathgain.
Feasibility criteria

For the previous analysis, during the study item phase, the visual inspection of the CDFs of UL and/or DL SINR calculated using large scale propagation metric was considered to decide on eIMTA feasibility. In the work item phase, the more formal rules should be defined to conclude on the eIMTA feasibility among the neighbouring cells. In addition, we think that attention should be also given to the UE-UE interference analysis, e.g. probability that UE-UE interference is dominant.
As feasibility criteria, we suggest to estimate difference in 5, 50 and 95 percentile of SINR or user throughput CDF curves for the case when all cells have aligned transmission direction and for the case when transmission direction is randomly selected with 50% probability. In addition, the cell average throughput and UEs outage probability may need to be analysed. The ULPC based IM solution may result in the increased UE power consumption, and hence the respective metrics needs to be considered as well.
Proposal 4:
· As a feasibility criteria, we suggest to analyse absolute and relative values of 5, 50 and 95 percentile of SINR or user throughput CDF curves for the case when all cells have aligned transmission direction and for the case when transmission direction is randomly selected with 50% probability. 

· The fraction of UEs that are in outage due to DL-UL interference needs to be analysed.
· The UE Tx power consumption needs to be studied at least for the case of the ULPC IM analysis.
DL-UL interference management methods 
There are two main techniques that were discussed by RAN1 WG for DL-UL interference management:

· Cell clustering based DL-UL interference mitigation (CCIM) (Figure 1). In this method, it is assumed that strongly coupled cells may align transmission direction, so that no or minimal DL-UL interference is introduced [4]. In order to facilitate cell-clustering based operation, RAN1 WG recommended specifying new backhaul signalling, such as intended UL-DL configuration and introducing enhancements in overload interference (OI) reporting.
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Figure 1. Cell clustering based DL-UL interference mitigation [4]
· ULPC based DL-UL interference mitigation. The RAN1 WG agreed to use two different sets of open loop ULPC parameters in in order to handle DL-UL interference and adjust UL SINR when neighbour eNodeBs interfere with each other. Meanwhile, the RAN4 analysis at the SI stage was conducted in the assumption of using typical (i.e. lower) UL transmit power levels. Using higher transmit power levels at the UE side may end up with increased UE-UE interference levels. The UE-UE interference problem was originally shown to be relatively small, however in case of using increased power settings additional co-existence studies may be needed in order to identify potential UE-UE interference problems and provide recommendations on the feasible ULPC settings. In addition, the ULPC to overcome DL-UL interference may substantially increase UE power consumption and thus this aspects needs to be considered as well. For instance, it may be interesting to check the reasonable ULPC settings for DL-UL interference mitigation to avoid significant loss in UE power consumption.
Another method that may be also of interest for the RAN4 WG is receiver based solutions for co-channel eNodeB-eNodeB interference cancellation. One of the solutions that can be potentially utilized by eNodeB is the usage of the enhanced Interference Suppression/Interference Cancellation receivers in order to mitigate the impact from DL-UL interference (i.e. interference mitigation scheme #4 [5]). The RAN4 WG needs to decide if receiver based solutions in terms of DL-UL interference suppression need to be considered. The latter one may be feasible when dynamic range between DL-UL interference and UL signal is not too large, and in case of near ideal backhaul or backhaul coordination.
Proposal 5:
· The CCIM and ULPC schemes should be considered for eIMTA feasibility analysis.

· Consider to evaluate enhanced Interference Suppression/Interference Cancellation receivers in order to mitigate the impact from DL-UL interference.
· For DL-UL interference mitigation using ULPC, consider to analyse the impact on UE power consumption, when increased UE TX power is used to overcome DL-UL interference in coupled cells.
3. Conclusion

In this contribution we provided our views on feasibility studies for the eIMTA WI. In summary, we have following proposals:

Proposal 1:

· Take scenarios 3-4 with the first priority for feasibility studies in RAN4 WG.

Proposal 2:

· Use full buffer traffic model for feasibility analysis in RAN4 WG. 

· Consider to analyse different system loadings by random activation/deactivation of the X% of the cells.

Proposal 3:
· For feasibility analysis of Pico-Pico co-channel scenario the maximum received power association criteria is used.

· For feasibility analysis of Macro-Pico adjacent channel scenario several association criteria are evaluated maximum received power and maximum pathgain.

Proposal 4:
· As a feasibility criteria, we suggest to analyse absolute and relative values of 5, 50 and 95 percentile of SINR or user throughput CDF curves for the case when all cells have aligned transmission direction and for the case when transmission direction is randomly selected with 50% probability. 

· The fraction of UEs that are in outage due to DL-UL interference needs to be analysed.

· The UE Tx power consumption needs to be studied at least for the case of the ULPC IM analysis.

Proposal 5:
· The CCIM and ULPC schemes should be considered for eIMTA feasibility analysis.

· Consider to evaluate enhanced Interference Suppression/Interference Cancellation receivers in order to mitigate the impact from DL-UL interference.

· For DL-UL interference mitigation using ULPC, consider to analyse the impact on UE power consumption, when increased UE TX power is used to overcome DL-UL interference in coupled cells.
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