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Discussion
1. Introduction
Scenarios and requirements for small cell enhancements study is presented in [1]. Various aspects such as deployment scenarios, traffic considerations, spectrum allocation is also presented in [1]. Small cell enhancements for UL/DL power imbalance is currently actively being debated by various companies considering the advantages and disadvantages of various alternatives, specifically focusing on dual connectivity feature [2]. While the status of the study is still premature enough to discuss solutions, most of the discussions revolved around the pros and cons of dual connectivity feature. Various aspects of dual connectivity are presented in [3] and [4]. The possible advantages of having dual connectivity with the help of simulation results are presented in [3]. In [4], various scenarios where it is beneficial to have dual connectivity have been discussed. The fundamentals of dual connectivity feature are discussed in [5] and a discussion on the possible structures of RAN and EPC during dual connectivity is done in [6].
In this contribution, we discuss two potential issues that may arise due to UL/DL power imbalance if dual connectivity is applied in the Scenario 1 agreed for this SI.
2. Discussion
2.1
Addressed Problem
Current scenarios assume a significant difference in transmit power of macro eNBs and small cells. Let’s consider a heterogeneous deployment with macro and pico-cells as well as the channel modeling in [7] and [8]. According to this model, macro eNBs transmit at 16 dB higher power than pico-cells (transmit powers of 46 dBm and 30 dBm respectively). In addition, a UE experiences at least a 12dB higher path-loss to the macro eNB compared to the pico eNB at the same distance. If we apply a maximum possible CRE offset of 9 dB [10], there exists a region where the pico eNB still receives a significantly better UL signal while the downlink signal from the pico eNB is significantly weaker compared to the macro eNB. This region outside the “CRE region” where gains through an improved UL coverage are offered is called “Dual Connectivity Region” in the following. A more detailed analysis of the dual connectivity region which could extend beyond the cell range expansion region is done in the Appendix section.
Proposal-1: RAN2 is respectfully requested to study whether the region, where dual connectivity could be applied, should be limited by cell range expansion region.

Issue 1:-
Based on the analysis in the Appendix section, consider the scenario shown in Figure 1 where there is a UE in dual connectivity mode in Uplink with a small cell and in downlink with the macro cell. The UE is in the dual connectivity region (as explained before). The cell coverage region could also include the cell-range expanded region.
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Figure 1: Considered dual connectivity scenario.

The UL scheduling of the UE is currently done at the eNodeB [9]. For a very limited number of small-cells as well as only limited interference between small-cells, the application of ABS may suffice. However, with an increasing number of small-cells and the requirement to also maintain orthogonal PDCCH resources between small-cells, the application of ABS may become inefficient and may require significant coordination overhead. However, currently the macro eNB (which has higher signal power in the considered region) cannot schedule UL resources to be allocated for the UE by the pico eNB. Hence, it would be challenging to have dual connectivity under such conditions.

Issue 2:-
In order to explain the following issue, we consider a scenario similar to Figure 1 but with multiple UEs in the dual connectivity region as shown in Figure 2. In the example considered here, one UE (UE-1) is in dual connectivity mode with pico eNB in UL and macro eNB in DL and is closer to the pico coverage border. Another UE (UE-2) in proximity to this UE is engaged in conversational video with QCI=2, having a dedicated bearer with guaranteed bit rate (GBR) [10] with macro cell in uplink and downlink.
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Figure 2: Scenario with multiple UEs in ‘dual connectivity region’.
Here, if we assume that pico eNB has a non-ideal backhaul and employs admission control procedure by not allowing the UE-2 to handover to the pico eNB, since it cannot support the QoS requirements of the dedicated bearer (e.g. due to non-ideal backhaul conditions), the UE will be continued to be connected to the macro eNB while being in the dual connectivity region. In such a scenario, the UL signals of UE-2 would cause severe interference to those of UE-1, effectively creating a condition where pico eNB is unable to receive UE-1’s UL signals any more. If the UL received power of both UEs at the pico-eNB is significantly different, the interference condition may not be solved through resource coordination in frequency and time domain due to physical limitation of the RF chain. One possibility may be to coordinate resource among pico-eNBs and macro-eNBs in order to avoid the interference. However, if a certain critical number of UEs is assigned to the macro-eNB, this may raise the problem that the signal level in time-domain at the pico-eNB is significantly increased. If the interference power in time-domain is too high, the RF chain at the receiver may not be able anymore to detect the signal of the pico-UEs (due to limitations of the receiver’s dynamic range). Furthermore, we anticipate a significant coordination overhead between pico and macro-eNB in order to coordinate resources of strongly interfering macro-UEs. Finally, if pico-eNBs are connected through non-ideal backhaul, the coordination between macro-eNB and pico-eNB may experience a significant delay.
Proposal-2: RAN2 is respectfully requested to consider whether the solutions for challenges raised by the dual connectivity feature should be limited by feICIC studies that have currently been done.

3. Summary
This contribution discussed two scenarios where dual connectivity is applied and may impose considerable issues due to UL/DL power imbalance. The first one is caused by significant downlink macro-eNB interference which may imply that the UE cannot listen to the pico-eNB’s downlink while maintaining a sufficient uplink signal. The second issue arises when a UE which is not utilizing dual connectivity is present in a region where dual connectivity is utilized. In this case, the uplink signal reception at the pico-eNB may be severely interfered by the UE connected to the macro-eNB due to power control mechanisms applied at both UEs.
Based on the description of the potential issues and the analysis done in this paper regarding the possibility of having dual connectivity outside the region covered by range expansion, due to UL/DL power imbalance problems as well as UE energy consumption considerations, we derived the following proposals:
Proposal-1: RAN2 is respectfully requested to study whether the region, where dual connectivity could be applied, should be limited by cell range expansion region.

Proposal-2: RAN2 is respectfully requested to consider whether the challenges raised by the dual connectivity feature should be limited by feICIC studies that have currently been done.
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Appendix

Consider a system with 500 m ISD with pico (small) cells deployed in a co-channel manner as considered in Scenario 1 of email discussions. The transmit powers of macro eNB and pico eNBs are taken to be 46 dBm and 30 dBm respectively [8]. Assuming a single-slope path loss model for macro and pico cell, even with cell range expansion offset of 9 dB, the coverage of the pico cell is given by:-
PM RM-α = PP RP-α 
 --
(1)
Where PM and PP are the transmit powers of macro and pico (including CRE offset) respectively and RM is the distance of pico cell from macro eNB and is the RP the idea coverage radius of pico cell. With pico cells assumed to be placed randomly at 0.3 ISD from macro eNB [8] and α = 3.76, we get RP = 97.5 m. So, the ideal radius of a pico cell even with range expansion and RSRP based cell selection is 97.5 m. With slow-fading and other real world impacts, the range is further limited due to this high power difference between the cells.
Consider the UL power control formula for UEs [11]:

PTx = min (PMax; P0 + PL + 10 log10M + ΔTF + f) --
(2)
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Figure 3: UL Transmit power vs UE Battery power consumption [13].

The relation between UE transmit power (PTx) and the actual battery power consumption of an LTE UE is considered to be as shown in Figure 3 [13]. From the figure and equation (2) we can observe that transmitting at lower power saves significant UE battery power. Thus the benefits from connecting to small cells in proximity of the UE in UL using dual connectivity is not limited to mobility robustness and utilization of better UL throughput from small cells, but also significant UE battery savings as well.
Also, consider the 3GPP case-1 model path loss for pico cells [7]:

LP = 140.7 + 36.7 log10(R) --
(3)
Where LP is the path loss for pico cells and R is the distance in km. Using PMax = 23 dBm, P0 = -105 dBm, M = 1, ΔTF = f = 0 in (2) and PTx = 3 dBm [12,13] (below which UE consumes least amount of power), using (3), we can find the distance as 130 m. Thus, even with range expansion, there is a region in proximity to small cells, outside the CRE offset region, where UE can send UL transmissions consuming minimum amount of battery power of 0.4 W. If we consider PTx < 13 dBm, UE consumes < 0.6 W of battery power. Using equations (2) and (3) the coverage region for transmitting at this power would be approximately 300 m. Based on this analysis, the coverage region could be as shown in Figure 4, extending beyond the CRE offset region as well.
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Figure 4: Possible coverage regions of a small cell including ‘dual connectivity region’.

Considering the scenario where small cells are deployed at a considerable distance from the macro, for e.g. at small cell edges, where pico cell DL power is low compared to macro cell, but UL path loss is lower for pico cells. In such a scenario, if UE is connected to macro for both UL and DL, the amount of battery power consumed would be significantly higher, if the UE is connected to a distant cell. The energy consumed for UL transmissions for various UE Tx powers are as shown in Figure 5. We can observe that transmitting at high power to a faraway eNB would consume significantly higher amount of battery power as compared to sending UL data to a nearby eNB. The energy values are calculated based on Figure 3.
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Figure 5: Energy consumed for various UE Tx powers in 1 hour.

