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1 Introduction

At the RAN3#70 meeting, some concerns were raised on the case of simultaneous use of frequency-domain (such as RNTP) and time-domain (such as ABS) inter-cell interference coordination (ICIC) techniques in heterogeneous networks [1].

In this contribution, we further discuss these concerns and provide our recommendations.

2 Discussions
In [1], the following two scenarios are identified, namely:
1. the “pure Pico-cell scenario”, where the Pico-cell is isolated from other Pico-cells and the ICIC is only employed between the Pico-cell and the overlaid Macro-cell, and
2. the “interfering Pico-cell scenario”, where the Pico-cell has neighbouring Pico-cells and the ICIC is performed not only between the Pico-cell and the overlaid Macro-cell, but also between neighbouring Pico-cells.
Some concerns were raised on the case of simultaneous use of RNTP and ABS in the above scenarios, such as:

1. Is the “pure Pico-cell scenario” a realistic scenario?

2. Is FD ICIC needed for Macro-Pico in this scenario?

One of the intentions of deploying Pico-cells is to offload the traffic from Macro-cell, for instance the hotspot scenario. Therefore, it is reasonable to consider the “pure Pico-cell scenario”. Moreover, FD ICIC may still be beneficial in the Macro-Pico scenario, as a complement to the TD ICIC. As a result, once the TD ICIC is enabled, the interaction between the FD and the TD ICIC should be taken into account, which will be studied in the following sections.
2.1 Downlink RNTP
Upon the deployment of TD ICIC, it is natural for the Pico-eNB to schedule cell-edge UEs in the ABS resources provided by the interfering Macro-cell. The benefit would be that the Macro-UEs (MUEs) will not be interfered by the Pico-eNB, even if high power transmission is scheduled at the Pico-cell in the ABS. According to [2], the RNTP may be interpreted as a promise from the Pico-eNB that the maximum instantaneous DL transmission power at the Pico-cell will not be higher than a given threshold. Therefore, there might be two different RNTP promises from Pico-cell, with one to be applied in the ABSs provided by Macro-cell (referred to here as RNTP-1), and the other to be used for subframes not designated as ABS by Macro-cell (referred to here as RNTP-2).
However, thanks to the employment of ABS, the inter-cell interference (ICI) is readily reduced for cell-edge PUEs, especially for those scheduled in the ABSs. As a result, Pico-cell does not necessarily have to employ power boosting for cell-edge PUEs in the ABSs provided by Macro-cell. Thus, the power threshold of RNTP-1 may not be significantly higher than that of RNTP-2.

Even if power boosting is applied for cell-edge PUEs, due to the limitation of maximum DL transmission power level, it seems not a typical case that the whole bandwidth is power-boosted. Hence, the DL transmission power of Pico-cell may not vary too much between ABSs and non-ABSs.
On the other hand, from Macro-cell’s perspective, given the fact that RNTP-1 may not be very useful for Macro-cell as typically few or even no MUEs will be scheduled in the ABS, it may not be beneficial for Pico-cell to send RNTP-1 to Macro-cell in most of the time.
Therefore, in the case of TD ICIC is disabled, the conventional FD ICIC (i.e. RNTP-based DL ICIC) can be applied as in Rel-8/9. Once Macro-cell decides to configure ABS for the benefit of the Pico-cells in its coverage area, it may just interpret the RNTP received from Pico-cell as RNTP-2. No further stage-3 change in the Load Information message is needed.
Regarding the “Interfering Pico-cell scenario” mentioned above, the neighbouring Pico-cells sharing the same ABS resources can coordinate the scheduling of their high-power transmissions by re-using the existing RNTP-based ICIC method. Moreover, they may even not share the same ABS resources, because the overlaid Macro-cell is free to assign different subsets of ABS resources to different neighbouring Pico-cells. Consequently, the scheduling of high-power transmissions between neighbouring Pico-cells can be distributive in the time domain, which further reduces the necessity of complicated revisions to RNTP-based ICIC procedures.

Proposal 1: The Pico-cell is not required to provide two RNTP thresholds. The Macro-cell shall assume that the RNTP received from Pico-cells is applicable to non-ABSs only.
2.2 Considerations on the uplink
Although the ABS is defined as a DL sub-frame, once it is activated, the corresponding UL subframes may also become “almost blank”. For example, consider the following interactions between UL and DL in FDD:
1. There is no PDCCH transmission in the ABS N. Consequently, no UL grant is sent in the ABS. As a result, there is no PUSCH transmission in the N+4 subframe in non-CA deployment (except for SPS transmissions).
2. There is no PDSCH transmission in the ABS sub-frame N. As a result, no PUCCH Ack/Nack will be sent in the N+4 sub-frame.
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Fig. 1: Interactions between UL and DL in FDD from the perspective of ABS.
Therefore, if DL sub-frame N is an ABS, the UL sub-frame N+4 is also an “ABS” in FDD system, as shown in Fig. 1. Similar observations can be obtained in TDD system. Then, similar concerns may also be raised for UL HII transmissions. The Pico-cell can exploit the UL “ABS” by scheduling cell-edge PUEs with high-power UL transmissions in the “UL ABSs”.
However, unlike the scenario where the DL RNTP is used (namely a threshold of maximum transmission power is applied), the HII reflects informative values (high/low) which are not necessarily bound to exact power thresholds. The “high interference” resource blocks (RBs), indicated by HII, is meaningful only when compared with the RBs in the same subframe. It cannot be interpreted by the Macro-cell as a promise of maximum transmission power in each UL subframe from the Pico-cell. Therefore, there would not be two promises from Pico-cell in the UL. Moreover, similar to the analysis in the RNTP case, the Macro-cell can perform scheduling in the “UL ABSs” without taking into account the HII from Pico-cells. In other words, it may consider the HII sent from the Pico-cells, only when it tries to perform scheduling in “UL non-ABSs”.
Proposal 2: The Pico-cell is not required to provide two sets of HII. The Macro-cell shall consider the HII received from Pico-cells as valid only in the “UL non-ABSs”.

3 Conclusion

In this contribution, we have discussed the details of interactions between FD and TD ICICs, when both techniques are activated at the same time. We suggest RAN3 to agree on the following proposals:
Proposal 1: The Pico-cell is not required to provide two RNTP thresholds. The Macro-cell shall assume that the RNTP received from Pico-cells is applicable to non-ABSs only.
Proposal 2: The Pico-cell is not required to provide two sets of HII. The Macro-cell shall consider the HII received from Pico-cells as valid only in the “UL non-ABSs”.
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