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1
Introduction
UL-DL mismatch effect is one the most crucial aspects which needs to be solved when introducing HetNet deployment into the macro network. This mismatch effect was discussed many times in the previous meetings and also some techniques to mitigates its effect has been proposed as possible solutions already [1, 3].

In this paper we present further details on E-DCH scheduling when applied to HetNenvironments. We propose improvement in E-DCH scheduling in Hetnet environment by introducing the concept of E-DCH decoupling.
2
Effect of DL/UL mismatch in non-SHO and SHO areas from UL link perspective   
Let us consider UE Uplink & Downlink transmission in a HetNet environment. Typically, this deployment assumes that there will be several Low Power Nodes (LPNs) deployed in various distances in the coverage area of a macro cell. According to agreed assumptions the DL power of an LPN is much lower compared to a macro cell. Additionally it may be placed anywhere within that overlaying cell. For this reason a UE within such a network can be far away from the macro cell while being near the LPN cell.  Let us further consider a UE that is placed near an LPN, but still outside the DL boundary of the LPN, and hence does not yet have the LPN in its active set. Thus such a UE is not yet power controlled by the LPN. In [1] this region has been quantified by performing simulations and as such UEs in this area is a dominant interferer to the LPN(s)’s UL. This situation is shown in Figure 1 below.
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Figure 1: Exemplary HetNet scenario with a UE causing excessive UL interferences at an LPN

From Figure 1 it can be observed that the UE’s UL transmission (particularly the HS-DPCCH channel) is power adjusted to reach the macro cell. At the same time this transmission is too strong from the LPN’s perspective and causing significant interference. This situation would be different once the UE would be in a SHO area between those two cells. The DL SHO area is quantified in [2] and provides details on how large the DL SHO area is in the context of Hetnet deployments. This scenario is shown in Figure 2 below.
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Figure 2: Exemplary HetNet scenario with a UE in SHO area between a macro cell and a LPN

In the latter scenario when the UE moves into the area where the LPN is added to its active set the LPN will start to set the upper limit for the UL power and in fact immediately reduce the UL power by a margin corresponding to the UL path loss difference. Consequently, the macrocell may not be able to receive the UL channels. The Figure 2 illustrates this for the HS-DPCCH channel, but the same issue will apply to any UE UL transmission, like e.g. E-DCH transmission. 

3
LPN role in E-DCH scheduling control 
UL macro diversity combining of the UE transmission received by the cells in the active set is carried out by the RNC. In an UL mismatch situation, as described earlier and as shown in Figure 2 and 3 below, the macro may not be receiving much of UL transmissions from the UE; the reason being the LPN dominantly limiting the UL transmit power of the UE. Nevertheless the overall UE UL transmission would still meet the target BLER, since in SHO the UL transmission, the E-DCH channels are decoded by all the cells in the active set and combined in the RNC (and the RNC would control the transport channel BLER by adjusting the UL SIR as well). 
Because of these reasons, in an UL mismatch situation it is not necessary to receive the E-DCH UL data channels at the macro.
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In other words, we observe that in the Hetnet scenario where UE is in SHO with macro and LPN the DL transmissions are routed through the macro while the UL transmissions will be going through the LPN. This is shown in Figure 3, below:
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Figure 3, HetNet scenario with a UE in SHO area between a macro cell and a LPN, where the UE receives DL transmission from the macro cell, and UL transmission will be received only by the LPN

For HSUPA however, the scheduling of the UL is carried out by the serving node, in this case the macro. For the macro to efficiently give UL scheduling grants to the UE it must receive some UL channels, so as to be aware of for instance the SI (scheduling information) or happy bit. This in general should not pose a problem as there are existing means to boost the related signal parts of the UL.
In the nominal scenario, the macro is responsible for the E-DCH scheduling (since it is the serving E-DCH cell) and the LPN would end up controlling the E-DCH power transmitted by the UE (with the E-RGCH). In the imbalance case, the macro sends the scheduling commands to the UE (based on its allowable noise rise for this UE), but it is the LPN that is really receiving the uplink and it is the LPN’s uplink noise rise budget that should influence the scheduling decision at the macro.

If the macro continues scheduling nominally assuming a link balanced case, the assigned RoT share may not be consumed at macro. Furthermore, if it assigns a too high grant to the UE from the LPN perspective then LPN will ask the UE to power down and again the allocated RoT budget (from macro perspective) goes unused.
The implications of such a conclusion have been summarized in table 1, below.

	Problems with dominant E-DCH scheduling control in macro
	Advantages of dominant E-DCH scheduling control in LPN
	Disadvantages of dominant E-DCH scheduling control in LPN

	HSUPA scheduling may fail if controlled by the weaker UL (i.e. macro) node
	· Prevents UL throughputs drops if scheduler not able to correctly decode UE UL transmission


	Separate power control for    E-DCH channels in a HetNet like scenario

	Low signal level reception at weaker UL node (i.e. macro) may imply the usage of 10ms TTI instead of 2ms TTIs
	· 2ms TTI enable better UL utilization and scheduling efficiency. This improves the uplink capacity at the stronger node and enables higher throughput.
	


Table 1, Comparison of macro dominate E-DCH scheduling control in macro and LPN
As a conclusion we observe the following: 
Observation 1: When the UE is served by macro and is operating in SHO with an LPN, the UL data will be predominantly received by the LPN.

From the above mentioned observation and according to the given explanations we have made the following proposals. 
Proposal 1: Discuss allowing the LPN to provide UL grants to the UE through the macro
Proposal 2: Discuss allowing the LPN to provide UL grants directly to the UE

4
E-DCH decoupling
In order to minimize negative effect of DL/UL mismatch it is proposed that the LPN should be giving the UL grants/UL Tx power allocation to the UE. Thus, LPN can facilitate a more efficient macro scheduling by communicating the maximum permissible grant value, where this maximum value would account for LPN internal aspects.Two approaches are possible:

•
Approach 1: First when LPN is providing grants directly to the UE (Rel-12 enhancement)

•
Approach 2: Second when grants are provided to the UE through macro (applicable to legacy terminals)

Figure 4 briefly summarises Approach 1 and Figure 5 briefly summarises Approach 1. 
The messages and the proposed content are exemplary.
In Figure 4, the RNC adds LPN to the UE AS. In the RL reconfiguration and RL setup procedures, the decoupling configuration parameters are provided. The same is transacted to the UE. Once the UE acknowledges the LPN addition, the LPN starts providing the UL budget to the UE. The LPN directly communicates this grant to the UE and the scheduling operation is initialized. The Serving Grant update keeps happening as long as the LPN is in the AS of the UE.
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Figure 4: Approach 1 (E-DCH decoupling for new terminals)

In Figure 5, the RNC adds LPN to the UE AS. In the RL reconfiguration and RL setup procedures, the decoupling configuration parameters are provided. Once the UE acknowledges the LPN addition, the LPN starts providing the UL budget to the UE. The message is shown to be routed via the RNC (although in principle a direct message could also be sent between the Node-Bs). Beyond this point, the macro communicates this grant to the UE and the scheduling operation is initialized. The Serving Grant update keeps happening as long as the LPN is in the AS of the UE.
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Figure 5: Approach 2 (E-DCH decoupling for legacy terminals)

Decoupling the UL transmission to the smaller cell enables the UL transmission to be power adjusted in such a way that it is received by the LPN only. This, in contrast to the other approach in which the macro sets the UL transmission range, is not causing high interference at the LPN, while still ensuring that the small cell is receiving the UL transmission with sufficient quality. Due to this UL transmission decoupling it is possible to utilize also macro UL resources in a more efficient way: The macro does not need to allocate an UL budget to the UE that will not be available to other UEs but will not be used. 

For this operation to succeed it is assumed that the UE can receive DL channels from the LPN that pertain to E-DCH reception, such as E-HICH.

When the LPN is controlling directly or indirectly the UL grant, it must be ensured however that the UL feedback channels for the macro DL are still being received by the macro. That is, it must be ensured that the macro can receive the HS-DPCCH.When the LPN is providing grants directly to the UE the E-AGCH is transmitted not by the macro, but by the LPN. The macro instead may transmit the E-RGCH. 

When the LPN is providing grants indirectly to the UE through the macro, it will inform the macro via the RNC about the grants that the macro  can then relay to the UE via the E-AGCH or E-RGCH. There is a delay associated with the relaying of the grant. The delay can be assumed to be in the range of 50 to 200 msec. The longer the UE performs UL transmission the less relevant the delay will be. This operation can be transparent to the UE.

5
Conclusion
 In this paper we have discussed potential issues in E-DCH scheduling during link mismatch scenario and proposed E-DCH decoupling as a solution to tackle this issue. In order to mitigate this issue the following is proposed:

Observation 1: When the UE is served by a macro and in SHO with an LPN, the UL data will be predominantly received by the LPN.

Proposal 1: Discuss allowing the LPN to provide UL grants to the UE through the macro
Proposal 2: Discuss allowing the LPN to provide UL grants directly to the UE
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