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1 Introduction

In RAN#57, a new study item “Study on UMTS Heterogeneous Networks” was approved [1]. Then, in the recent meetings, a great deal of problems on UMTS HetNet has been discussed in detail. In particular, UL/DL mismatch and interference issues have posed a potentially large disruption to the UMTS HetNet deployment. Therefore, it is necessary to figure out some methods to deal with the unacceptable effects brought by UL/DL mismatch and interference issues.
E-DCH decoupling [2] is a novel concept to handle with the UL/DL mismatch issue. Some potential problems brought by the E-DCH decoupling are discussed in [2]. In [4] further attention is paid to the corresponding issues in E-DCH decoupling and some initial ideas are provided.

As discussed in RAN#61, the benefits of E-DCH decoupling should be further assessed in RAN1. For example, the quality and cost (in terms of LPN power) of downlink control signalling transmitted by the LPN and the delay in receiving the grants need to be investigated.
In this contribution, we will first discuss some potential problems in E-DCH decoupling scene and solutions (part of the content has been discussed in [4]). Then we will discuss application scenarios of decoupling combined with CIO RE or LPN padding.

2 E-DCH Decoupling in UMTS HetNet
2.1
E-DCH Decoupling Implementation
In order to decrease the interference caused by UL-DL imbalance, E-DCH decoupling [2] has been introduced for severe imbalance UEs. Generally speaking, E-DCH decoupling is to make the UE in the imbalance region transmit UL data to LPN and receive DL data from MBS, as illustrated in Figure 1. In details, when UE is located at the severe imbalance area and the UL data quality to its serving MBS cannot be guaranteed, it puts the nearest LPN into its active set and comes into the E-DCH decoupling state. Then, this LPN provides UL grants for this UE and the UL data from this UE is transmitted to LPN instead of MBS. LPN can set an appropriate grant that UE's UL data can be received by LPN and cannot be received by MBS, which can improve the interference condition in imbalance region.
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Figure 1:  Illustration of E-DCH decoupling
E-DCH decoupling is a new method of communication between UE and base station. So we need to solve some potential problems before we put this technology into use.
2.2
Some Problems in E-DCH Decoupling
In [3], the related approaches and some issues about E-DCH decoupling have already been discussed. Figure 2 and Figure 3 respectively depict the E-DCH decoupling approaches for both the Rel-12 and legacy UEs.
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Figure 2:  E-DCH decoupling approach for Rel-12 UEs
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Figure 3:  E-DCH decoupling approach for legacy UEs

2.2.1 DL Receiving Quality
As described in Figure 2, for Rel-12 UEs, decoupling UEs send UL data channel to LPN, which means LPN needs to directly send the serving grant and HARQ-ACK through E-AGCH and E-HICH to UE, respectively. In [3], it is said that for E-DCH decoupling to succeed it is assumed that Rel-12 UE can receive DL channels from the LPN that pertain to E-DCH reception, such as E-HICH as well as E-AGCH. But we think, perhaps, it is an over-optimistic assumption in the practical implementation.
The Rel-12decoupling UE, as we know, still receives the stronger DL signal strength from MBS than LPN based on the fact that it is actually located at the MBS side of the DL coverage boundary yet. For Rel-12decoupling UE, in this situation, the channel reception from LPN holding the relatively weaker signal strength may be negatively affected. This would lead to a bad reception of E-AGCH and E-HICH if nothing is done in the reception evaluation and further decrease the UL performance of Rel-12decoupling UE. More precisely:
· E-HICH performance reduction. E-HICH holds the HARQ-ACK information which is used to notify the terminal whether the last UL transmission is successfully completed or not. If E-HICH is transmitted from LPN to Rel-12 decoupling UEs and nothing changes in its power setting, the reception quality of E-HICH may be reduced due to the reason discussed above. At this moment, the following four undesired cases may arise:
· Misdetection. Decoupling UE does not receive any HARQ-ACK information.
· Decoding error. HARQ-ACK information is incorrectly decoded into an invalid code at UE.
· Extra PHY retransmission. ACK is incorrectly decoded into NACK.
· RLC retransmission. NACK is incorrectly decoded into ACK.
No matter what case happens, the UL performance for this decoupling UE would be negatively affected. So the further evaluation for E-HICH performance of Rel-12 decoupling UE should be done in both the link and system level by which the appropriate solution and proposal may arise to deal with this practical challenge.
· E-AGCH performance reduction. As the same reason discussed above, the reception quality of E-AGCH at Rel-12 decoupling UE may also not be guaranteed at some extent if no further action is implemented. This would result in the grant mismatch in the real UL transmission. The larger grant would directly lead to the higher transmission power which then may increase the unnecessary interference to the whole system. On the other hand, the lower grant could not maximize the resource utilization. Both conditions have a bad influence in the UL performance of decoupling as well as the non-decoupling UEs. Therefore, further evaluation for this issue should also be proceeded in order to evaluate the corresponding effect and find the suitable solution.
· F-DPCH performance reduction. F-DPCH carries TPC command which is used to adjust terminals' UL transmitting power. If F-DPCH is transmitted from LPN to Rel-12 decoupling UEs, just like E-HICH and E-AGCH, the pathloss from LPN to decoupling UEs is larger than the pathloss from LPN to LPN serving UEs. Therefore the reception quality of F-DPCH at UE may not be guaranteed, decoupling UEs may receive wrong TPC commands form LPN. When the TPC command is not suitable, UEs may bring in too much interference to the LPN cell.
In E-DCH decoupling scenario, LPN sends DL control channel to Rel-12 decoupling UEs, despite these UEs can be better DL served by MBS, just like the scenario in CIO RE (range expansion). The solutions for improving UEs' DL control channel in CIO RE region can be applied to E-DCH decoupling scenario. 
The performance of F-DPCH and E-HICH has been evaluated and documented in [3]. However, the receiving quality of E-AGCH from LPN to Rel-12 decoupling UE needs further study.
Proposal 1:
The receiving quality of E-AGCH from LPN to Rel-12 decoupling UE needs further study.
2.2.2 Delay Issue
Considering the above discussions in Section 2.2.2, one may say that we can turn to the macro relaying approach depicted in Figure 3 for both the Rel-12 and legacy UEs. It can indeed avoid the DL receiving problem. But meanwhile, the delay issue is introduced. If the current decoupling transmission is not time sensitive or, as [3] has mentioned, the UE performs the decoupling UL transmission within a relatively longer period, the delay associated with the relaying may be in the acceptable range. However, we should discuss two scenarios which may be badly influenced by the delay issue:
· Time sensitive transmission. If the decoupling UE is undergoing the time sensitive transmission, such as the real-time video transmission, the continuous delay will bring a bad experience to UE. 
· High-speed mobile transmission. If the decoupling UE is in the high-speed environment, such as the high-speed railway, the channel condition changes fast. It implies that the delay will lead to the fact that if the feedback information (e.g. HARQ-ACK, serving grant) cannot be timely used, it will lose the timeliness. If the feedback information which is obtained before the delay period is used in the current slot, it may not reflect the correct channel condition right now. 
For high-speed mobile transmission scenario, we can try the solution of mobility control. For example, we can let high speed UEs always stay in MBS, so MBS takes control of these UEs, this solution can also solve the problem of massive active set update of high speed UEs.
2.2.3 Extra LPN Power Cost
Decoupling UEs receive DL data from Macro, but for Rel-12 UEs, it is LPN that sends the DL control message. Extra LPN power cost is needed to transmit E-AGCH, E-HICH, and F-DPCH. When there are too many decoupling UEs, we may need to consider the cost. It is evaluated that for 6dB CIO, total power cost for E-HICH, HS-SCCH, and F-DPCH is 22.17% of all transmit power [3]. In E-DCH decoupling scenario, LPN does not send DL data to decoupling UEs, so the power can be quite small in usual case. If the number of decoupling UEs is too large, we can reduce the threshold for event 1A to 3dB.
3 E-DCH Decoupling Combined with CIO or LPN Padding/ Desensitization
3.1 E-DCH Decoupling Combined with CIO RE Scenario
As we discussed before, decoupling is applied to reduce the UL interference from macro UE to LPN, and CIO range expansion (RE) can decrease UL interference caused by Macro UE near DL boundary. After CIO RE, DL boundary and its SHO region move towards Macro, so Macro UEs in the most interfering region near DL boundary make less UL interference to LPN UE. Therefore CIO RE and E-DCH decoupling can benefit from each other. In other words, we can apply small bias CIO combined with E-DCH decoupling to overcome the shortcomings of large bias CIO. 
Proposal 2:
Apply small bias CIO RE combined with E-DCH decoupling to large imbalance region scenario.
3.2 E-DCH Decoupling Combined with LPN Padding/ Desensitization 

LPN padding/desensitization reduces the UL interference from Macro UE to LPN and the DL boundary stays in the same position as the scenario without LPN padding/desensitization. In LPN padding scenario, signal from Macro UE is padded with white noise, so when decoupling is applied, signal from UEs in decoupling area to LPN is padded, this will bring a loss to property.

Proposal 3:
Do not apply LPN padding/desensitization to E-DCH decoupling scenario.

4 Conclusion
In this contribution, we have discussed some related issues about E-DCH decoupling in UMTS HetNets. Based on our considerations, we have the following proposals:
Proposal 1:
The receiving quality of E-AGCH from LPN to Rel-12 decoupling UE needs further study.
Proposal 2:
Apply small bias CIO RE combined with E-DCH decoupling to large imbalance region scenario.
Proposal 3:
Do not apply LPN padding/desensitization to E-DCH decoupling scenario.
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