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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.
In the previous discussions, some possible solutions have been investigated and parts of them are summarized below:
· LPN Range Expansion (RE).
· LPN padding/desensitization.
· LPN CIO biasing.
· RE by multi-flow
· Network Assisted Interference Cancelation (NAIC) for advanced receivers.
· Restricted resource for interference cancelation.
· Enhancement of power management.
· Control channel (HS-DPCCH) power offset boosting.
· Power control enhancements.
· E-DCH decoupling.
In this contribution, we will focus on E-DCH decoupling which is one of these solutions mentioned above. During the last meeting, [2] has introduced the concept of E-DCH decoupling as well as some potential problems brought by the novel concept. In this document, we will further pay attention to the corresponding issues in E-DCH decoupling and try to provide some initial ideas.
2 E-DCH Decoupling in UMTS HetNets
In this section, we will briefly review the UL/DL mismatch and interference issues. Then, E-DCH decoupling initialized by [2] will also be elaborated before our further discussions.
2.1
UL/DL Mismatch and Interference Issues

As illustrated in Figure 1, in the HetNet deployment, UL and DL coverage boundaries (represented by the green and red lines) are located at different positions. The area between UL and DL boundaries is regarded as the imbalance area. In this area, there usually exists severe uplink interference to LPN.
Furthermore, we can divide the imbalance area into two parts. In the yellow part, UEs are served by Macro base station (MBS), which means these UEs are power controlled only by the MBS. But actually, they are nearer to LPN, which may cause the severe uplink interference to LPN.
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Figure 1: Illustration of UL/DL imbalance
On the other hand, in the blue part, the SHO and imbalance areas overlap with each other. If UEs are located within this area, they will be served by MBS and also add the nearest LPN into their active set. In this situation, both MBS and LPN can control UEs' UL power. As the UE in the blue part is closer to LPN, when UE sends UL data to MBS with suitable power, there may be large uplink interference to LPN. So LPN would ask UE to reduce its UL transmission power. This will lead to a problem that the quality of UL transmission including data and control signals from UE to MBS may not be guaranteed. 
2.2
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 2. 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 2: 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.
3 Potential Problems in E-DCH Decoupling
In [3], the related approaches and some issues about E-DCH decoupling have already been discussed. Figure 3 and Figure 4 respectively depict the E-DCH decoupling approaches for both the Rel-12 and legacy UEs.
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Figure 3: E-DCH decoupling approach for Rel-12 UEs
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Figure 4: E-DCH decoupling approach for legacy UEs

3.1 Trigger for E-DCH Decoupling
The general idea of activating E-DCH decoupling presented at this stage is partly associated with the existing soft handover. Specifically, once a UE enters into the SHO region and reports the RRC measurement event 1A to RNC, RNC will add the desired LPN to this UE’s Active Set followed by the E-DCH decoupling configuration and implementation. But actually, we believe that E-DCH decoupling should be conditionally triggered by RNC after the LPN addition due to the fact that the current situation may not be appropriate for E-DCH decoupling. For example, if the considered LPN has already been heavily loaded, it would have not sufficient resources to provide the guarantied quality for the decoupling UEs. Therefore, considering that RNC has the better knowledge of the cell loading, cell resource and interference condition, it seems more reasonable for RNC to make a final decision that whether let the soft handover UE turn to the decoupling transmission. E-DCH decoupling should be conditionally triggered by RNC after the LPN addition. This is an implementation-dependent issue
3.2
DL Receiving Quality
As described in Figure 3, 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-12 decoupling 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-12 decoupling 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.
3.3
Delay Issue
Considering the above discussions in Section 3.2, one may say that we can turn to the macro relaying approach depicted in Figure 4 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. 
Based on the above consideration, we propose that:
Proposal 1: 
DL receiving quality and delay issues in E-DCH decoupling should be further investigated.
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: 
DL receiving quality and delay issues in E-DCH decoupling should be further investigated.
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