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1
Introduction
HetNet environment is very challenging in terms of efficient interference management for soft handover UEs between a macro and LPN cell. The challenges related to this situation have been described in [1] and [2] where the discussed issue was the pathloss vs. power difference between the scheduling node (serving macro cell) and the typically close to UE LPN, effectively receiving most of the UE UL traffic without sufficient means to control this transmission. In this contribution we would like to further describe means to mitigate this issue by enabling small cells to control UE’s UL transmission in scenarios where a macro cell is the DL serving cell. For this reason an analysis of the current situation is provided. 
2
Motivation for E-DCH Decoupling in HetNet Environment
The discussed scenario is shown in Figure 1. We are considering a UE located in SHO area where macro is its serving cell and UL path loss towards the small cell is much lower than towards the serving cell. The macro cell is providing power grants to this UE which eventually is setting the power level for the E-DPDCH channel relative to DPCCH. The DPCCH, and subsequently the E-DPDCH channels are not received with the targeted power in the macro, so the full RoT impact of the UE is not seen by the macro scheduler, but are felt in full in LPN. In response, the small cell will try to control this interference using E-RGCH channel, but much lower channel requirement on the periodicity and small step size cell will not allow to fully controlling this interference.
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Figure 1, The serving macro cell is configuring the UE UL transmission power taking into account only own path-loss which in consequence creates interference at the LPN.
As a result most of the UE’s UL traffic is passing through the LPN rather than the macro cell. This can be observed in Figure 2a, where the majority of UE data is received through the small cell (for simulation assumptions please refer to [8]). The plotted graphs clearly indicate that the highest UE throughput values happen for macro UEs with LPNs configured in their Active Sets (AS). 
Another important factor to consider is the UL power control, which will be dominated by the small cell due to lower path loss towards the LPN. As a consequence the Scheduling Information (SI) transmitted on E-DPDCH and E-DPCCH addressing the serving cell may not be correctly received at the serving cell, i.e. UL transmission power regulated by both cells may become too weak to correctly decode UL SI at the serving NodeB. It is worth noticing the very low received SINR values in DPCCH when decoupling is not used, which can severely impact the UL system performance. This is shown in Figure 2b (for simulation assumptions please refer to [8]). This impact has been discussed in [7] and [8] and is at this stage incorporated into the HetNet Technical Report [3]. 

[image: image2]
Figure 2a, showing user throughput distribution grouped by association. Simulations have been performed for a system with 4 LPNs with 30 dBm power in each macro sector.
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Figure 2b, showing DPCCH and E-DPDCH post-receiver SINR for all UEs, those in SHO and outside of SHO area in a Hetnet environment with and without E-DCH decoupling (marked with UL.DL.dec. on/off). 4 LPNs per sector, detailed simulation assumption listed in [8].
3 
Solution 

The solution to the problem described in section 2 is to “decouple” the serving DL cell from the serving UL cell. By allowing the cell with the lowest path-loss to control the UE’s UL grants, good reception will be assured while the interference level can be controlled and kept minimal. Certainly, this scheme does not change the way the DL serving (macro) cell operates for downlink transmission. 
The situation for UL and DL decoupling in HetNet scenario is shown in Figure 3. In order to allow for the decoupling, some changes need to be introduced in the way the UE and the basestation react to the HetNet imbalance situation. Allowing the LPN to become the UL serving cell assumes that this cell provides the UE absolute and relative grants through the E-AGCH and E-RGCH channels, respectively. The other cells belonging to the UE’s UL active set, which in the decoupled scenario means also the DL serving macro cell, have the possibility to influence this UE transmission via the E-RGCH channel. 
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Figure 3, HetNet scenario with a UE in SHO between a macro and LPN, where the macro is the serving DL cell and the LPN is the serving UL cell.
This change has been shown in Figure 4, where UE throughput distribution is shown with and without E-DCH decoupling. More and detailed results in this topic have been presented in [8].
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[image: image6]
Figure 4, UE throughput distribution in HetNet environment with UL and DL decoupling on and off. These simulations have been performed for 30dBm LPNs, 50% Hotspot UE dropping (35m radius), 4LPN/Macro, 3dB CIO and with 8UEs/sector.
Several interesting conclusions can be drawn from Figure 4. In the first place decoupling the UL and DL does not influence the macro UE throughput. Also, since less interference is generated towards the LPNs the freed RoT budget allows for more resources to be utilized and hence throughput at LPN is increased, especially at the cell edge. At the same time this implies that the throughput values for the UEs connected to macro cells with LPNs in their AS drops. Its value now equals the throughput experienced at the LPN. This is intuitive, since decoupling the UL from the macro cell towards the LPN means that this transmission will now not be visible at the macro cell, since it will be received at the LPN receiver. One may argue that this reduces the throughput for UEs in SHO, however this is observed for a minority of terminals (13%) and improve fairness for majority of UEs. Aditionally it provides additional gains in terms of UL control channel reliability, which cannot be directly seen from Figure 4. The improvement in RoT achieved through decoupling can be appreciated from Figure 5. The RoT level is reduced for the decoupled scenario with the highest reductions visible for the LPN and LPN+Macro curves.
Additionally, the SI reception problem can be alleviated by decoupling the UL channels from the macro cell to the LPN. Since E-DPDCH and E-DPCCH will now be correctly received by the LPN, which is in the role of serving cell, the reliability of SI reception will be assured. 
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[image: image7]
Figure 5 RoT plots generated from non empty sector where UL and DL decoupling is on and off.

4
Required changes
In order to allow for this change the network would need to be able to recognize this HetNet specific imbalance situation in order to change the UL serving cell. There are potentially many triggers; one of them could be for instance the introduction of an LPN into a UE’s active set. This change in the active set could imply that the RNC configures new roles for the macro and small cell accordingly. Figure 5 shows an example of a signalling flow where this change occurs. 


[image: image8]
Figure 6, Signalling flow example where the RNC reconfigures the macro and LPN during an Active Set Update procedure.
Such action is certainly also possible in other procedures, for example using a RRC Reconfiguration message. This is shown in Figure 7. 

[image: image9]
Figure 7, showing an example of UL and DL cell roles change using and RRC Reconfiguration message.
Important to consider is the change on the UE side, since after changing the UL serving cell role the terminal needs to be able to recognize that the UL power grants will now be issued by a different cell than the DL serving cell. Also, the DL serving cell is now only able to influence the UL power by means of E-RGCH with all assumptions and limitations that apply for a non-serving cell. 
5
Challenges
The main challenge in the introduction of UL andDL decoupling is the reception of DL HSUPA control channels: E-AGCH, E-RGCH and E-HICH transmitted now from the new UL serving cell, i.e. the LPN despite the fact that the macro is still the dominating DL cell. Therefore, the reliable reception of those channels could be degraded due to higher interference. Please note that the power control of those channels is out of the scope of 3GPP standardisation (see [5], section 5.2.12-5.2.14). 

6
Benefits

The proposed decoupling provides several benefits; both to the UE as well as to the network. Most important benefits are the following:

1) The asymmetric nature of the UL and DL borders in HetNet environment leads to situations where macro cell has the dominant downlink and it also controls the uplink scheduling, when the data is actually received by most part in the LPN. Decoupling gives the LPN the ability to manage its RoT resource and fairly allocate the uplink grants to UEs under it and in the same time limit interference. 

2) The problem with reception of UL HSUPA scheduling related information (happy-bit, Scheduling Information) by the seving macro cell is solved. Poor reception of the happy bit which is sent via E-DPCCH in the serving cell can cause worse end-user throughput and in worst case no UL granted rate at all. Poor reception of the in-band SI which is sent via E-DPDCH in the serving cell can consequently cause degraded end-user throughput and in worst case no UL granted rate at all. More details of the problems are described in [3], [4] and [7]. 

In the paper [7] which evaluates Uplink Scheduling Information (SI) reliability we can see that in case of LPN 37dBm, the Packet Error Rate (PER) for macro-LPN HO UEs (Figure 1 in [7]) could reach even 70%. At the same time the PER in LPN (Secondary PER in this figure) is below 10%. With the E-DCH decoupling we could expect this kind of improvement. We can expect also that in case of lower LPN power (like 30dBm) the PER could be much worse which could requires the usage of E-DCH decoupling. This aspect is under study now.

The E-DCH decoupling fully solves these problems because UL serving cell is now the cell with the lowest path loss and therefore all UL HSUPA control channels are received correctly.
7
Conclusions

The proposed UL and DL decoupling is based on assigning the role of UL serving cell from the serving DL macro cell to the LPN. By this change the HetNet specific imbalance situation is fully exploited by lowering the LPN interference originating from UEs in SHO and increasing the UL troughputs. With this paper we have explicitly explained why E-DCH decoupling method is increasing the scheduling efficiency and not only SI reception reliability. We have shown by the presented graphs what the challenges are when E-DCH decoupling is not turned off i.e. very low received SINR values in DPCCH and E-DPDCH and by that have severe impact on the UL network performance. In order to introduce this scheme, necessary changes on the network and UE side have been described. 
Proposal: We propose to discuss and agree on the changes described in this paper and introduce the sections 2-6 of this document to the TR25.800 Technical Report on UMTS Heterogeneous Networks.If this text will be agreeable we would like to provide a CR introducing it to the TR 25.800. 
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