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1
Introduction

During RAN#57 [1] a study item on UMTS Heterogeneous Network was started in order to improve network coverage and capacity. HetNet concept is based on assumption where low power nodes (LPN) are located inside Macro node area layout. So far two deployment scenarios are considered for intra frequency deployment: 
· Co-channel - where LPN reception and transmission areas have different cell IDs – unique primary scrambling code than Macro node
· Combined cell – where LPN reception and transmission areas have the same cell IDs – the same primary scrambling code as Macro node

Since RAN#70-bis multiple contributions were presented describing each scenario. Both deployments have their own advantages and limitations. This paper is focused on motivation behind each solution and actual implementation effort which can be a serious bottleneck for numerous of the solutions. 

2 
Co-channel – motivation and challenges
Co-channel deployment scenario, as depicted in Figure 1, consist of Macro cell area and deployed within low power nodes (LPN) which are operating on different scrambling codes.
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Figure 1: Simplified example of co-channel deployment solution.

Adding LPN to the existing network has obvious benefits reflected by higher capacity performance and processing powers. Many companies have provided DL and UL simulations results during RAN1#72 meeting showing potential capacity and throughput gains. There is no doubt that introducing co-channel deployments scenario into the network will provide several benefits. 
Nevertheless it has to be remembered that there is no such a thing as a free lunch. There is quite a long list of challenges with which vendors and operators need to confront.

By introducing more nodes into the network the first thing which needs to be taken into consideration are more frequent HO and what is followed by that increased signaling. This is the one of the reasons why by introducing HetNet into the careful network planning is crucial. Each HO operations are burdened with a risk of failure and as effect network performance degradation. Majority HO operations in the network are Soft HO due to less RRC signaling effort and less risk of dropping UE. What else can be done to mitigate this problem? Higher value of Adding Window parameter could be considered in order to allow UE in a dense urban environment to detect and be in an active set with other cell sooner. Of course more cells introducing more intercell interferences and pilot pollution which can mitigated only by better interference cancellation features and better receivers. Improvement of HetNet mobility in co-channel deployment is also studied in 3GPP so we could expect many improvements in this area. 
Introducing higher number of nodes will also have impact on Neighbor Cell List which at this moment has 32 entries. There is a risk that this number will not be sufficient in HetNet environment what might end up with higher dropping UE value. NSN in [9] has introduced a method which will allow mitigating the negative aspects of increased number of cells in HetNet network regarding NCL issue.  This method will determine neighbor cell list to be selectively updated with a cells which will be chosen in more intelligent way to serve the UE. Followed by that the capabilities to manage cell update procedures should not be an issue anymore. One of the biggest issues defined in co-channel deployments is DL/UL mismatch [10], [11] which is depicted on Figure 2 below.
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Figure 2: UL/DL imbalance zone caused by different UL and DL cell boundaries in Macro and LPN
In a nutshell, DL/UL mismatch is a consequence of different UL and DL cell areas served by Macro and LPN. UE shown on the Figure 2 is served by Macro due to strong DL and in UL it will be a strong interferer to the LPN in zone from point E to C. In [2] it was proposed to study methods which will be able to deal with this problem or at least mitigate its effect.
One of them is desensitization which is pretty simple to implement and a cheap solution for LPN nodes. It is based on a principle to lower the sensitivity of the receiver on LPN side. UE which is served by Macro Node will be no longer such a strong interferer to the LPN but simultaneously other UEs connected to the LPN will have to increase their Tx power which will result with increase interference in a cell and higher UE battery drain. 

Next ones which can be helpful to minimize UL/DL mismatch effect are methods proposed to be studied in [11].
Other methods which can mitigate the effect of UL/DL mismatch are proposed to be studied in [12].
3
Combined cell – motivation and challenges
Combine Cell deployment is a solution which was briefly described by Ericsson in [3] and preliminary LLS and SLS results were presented in [4], [5], [6] and [7]. It is supposed to be an alternative way to handle with the challenges which are present in HetNet network when operating in co-channel solution. An overview of this solution is depicted on Figure 3 below. 
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 Figure 3: Example of combined cell deployment. 

Main principle of this idea is to have LPN nodes with macro area layout with the same cell IDs, so basically served by the same primary scrambling codes, as Macro node. From RNC point of view LPN cells and Macro cell within this area is treated as a one cell.
There is no doubt this solution is interesting from DL/UL imbalance issue and frequent HO point of view. In case of combined cell deployment active set update, serving cell change and cell selection procedure will not be so often impacting the HetNet network. Due to the fact that combined cell is behaving as a one cell a DL/UL imbalance does not exist. 

This solution is operating in two modes:

· Single Frequency Network (SFN)

· Node Selection with spatial reuse

Both modes were described in [3]. Despite the fact that SFN is generally introducing coverage enhancements due to better signal to noise ratio of the UE this is not the mode which brings most of concerns. 

Node selection with spatial reuse is a combined cell mode which is based on the assumption that all cells (from Macro coverage area) being a part of Macro and LPN nodes are transmitting the same pilot signal (P-CPICH) and DL control and data channels are scheduled to the UE from different nodes. This mechanism brings comparable capacity gains as co-channel deployment but pilot overhead introduced by new pilots, S-CPICH – probing pilot and demodulation pilot D-CPICH used for data demodulation, degrades those gains as presented in [7] by Ericcson. Additionally adding probing pilot (S-CPICH) and demodulation pilot (D-CPICH) to the air interface might end up with similar result as in co-channel solution, so increased interference and pilot pollution. It is important that in case of combined cell a tight synchronization between the cells is a must which can be a serious bottleneck for this solution. It is hard to assume that every HW into the existing network will come from the same vendor and they will perfectly synchronize. Need of new hardware installation is also an issue which must be taken into consideration.
As it is presented in [5] only introducing of those new pilots is allowing combined cell to achieve almost the same performance as co-channel deployment. With a one difference, co-channel solution might be introduced to the network without major implementation issues and impact on legacy UEs, on the other hand combined cell solution requires introducing a new pilots so in fact cannot be serve by legacy UEs and at this point it cannot be forgotten about one of the SID assumptions [1]: The study shall include considerations to minimize the impact on physical layer and legacy terminals.
One addition point which is limiting combined cell channel deployment usability is no possibility to achieve HSDPA Multiflow capacity gains as presented in [8]. In MF it is possible to achieve higher performance because the full resources from primary and secondary scrambling code are available. In case of combined cell the macro node and LPNs nodes are using same primary scrambling code only. In order to increase capacity performance achieved in combined cell deployment Ericcson in [3] has introduced MIMO mode with spatially separated nodes. This approach can introduce better capacity gains than MIMO with co-located antennas but from the other hand it will not achieve Multiflow gains which are possible in co-channel deployment. Additionally due to different Macro and LPN architecture some standardization changes regarding MIMO mode with spatially separated nodes might be needed. This solution for sure will impact the practical installation issues also due to tight inter-vendor requirements. This can severely limit the potential deployment locations.
The combined cell deployment requires common HW baseband for macro and LPN cells in one sector. Common baseband in co-channel deployment has also good potential, especially for interference management and mobility. In this case common HW baseband in co-channel deployment could open the new opportunities for HetNet and at the same time keep support for legacy UE and 3GPP standards.  
4
Conclusion

In this paper two approaches regarding HetNet deployment scenarios were compared. Both solutions have their own advantages and limitations. Main purpose of the introduction HetNet into network is to increase coverage and capacity performance with less impact to physical channel and legacy terminals as stated in SID HetNet [1].  
Issues listed in case of co-channel deployment can be mitigated by various methods and further study is essential. With this solution it can be observed that significant capacity gains are already achievable as it was shown in the simulation results provided by all vendors during RAN#72 meeting. 

From the other hand combined cell deployments minimize some of the issues observed in co-channel deployment and for sure it is interesting idea. Nevertheless achievable capacity gains are questionable comparing to co-channel as it was pointed in [3], [5] and [7] additionally implementations effort from vendor and operator point of view together with co-existence with legacy UE can be unfounded. 
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