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1
Introduction

A study item on heterogeneous network was initiated at the last RAN plenary [1]. Investigation of range expansion techniques to fully utilize small-cell gains is considered to be part of the study. In this document, we consider a particular range expansion technique: TTI partitioning, and also detail the issues that arise when it is used in Hetnets.
2
Range Expansion by TTI Partitioning
In Hetnet deployments, the optimal use of resources necessitates offloading load to the smaller LPNs. However, due to the lower power of the nodes, the coverage areas of the LPNs are dramatically reduced due to the over-shadowing by the Macro. To improve load balancing, range expansion techniques are needed and are part of the study [1].
One of the range expansion techniques that has been suggested in [2, 3] is to partition the time allocated to the Macro and Pico cells for transmission. This has been called Macro muting in [2] and allocation of Restricted Resource Subframes (RRS) in [3]. 
The main concept of the range expansion via TTI partition is to stop the macro cell from scheduling transmissions for a certain percentage of the time (TTI), which enables the UEs in the range expansion area to be served by the low power node due to the reduced interference from the macro cell.

There are many partitioning and scheduling schemes that can be envisaged. In the following, we provide an example with TTI partition with a pattern of 8 TTIs. In this example, TTI partition is done equally between macro cell and low power node as illustrated in Figure 1. In Figure 1, we can divide the area into 3 regions. 

1. Region 1 is the region close to the macro cell. UEs in region 1 are served by the macro cell after range expansion. Under TTI partition, UEs in region 1 can only be scheduled during the first 4 TTIs of every 8 TTIs. 

2. Region 3 is the region close to the low power node. UEs in region 3 are served by the low power node after range expansion. UEs in region 3 can be scheduled during all TTIs. 

3. Region 2 is the range expansion region. UEs in region 2 are served by the low power node after range expansion. UEs in region 2 can only be scheduled during the last 4 TTIs of every 8 TTIs where the macro cell stops data transmission. Note that overhead and DCH (voice) transmissions from the Macro cell would still continue.
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Figure 1: Low Power Node Range Expansion by TTI Partition
There are several issues that arise due to this scheme that need careful consideration. These are enumerated below:

A. Synchronization

In order for the interference reduction to take effect, the Macro and LPNs would have to be synchronized in time. Since the LPNs are typically deployed at the cell edges, neighboring Macro interference is also a factor by necessitating Macro-Macro synchronization in addition to the Macro-LPN sync. Such levels of synchronization may be challenging to achieve in a pre-existing Macro network.
B. Resource Reduction at Macro

Since the Macro cell would have to stop data transmission for a pre-determined period of time, the resources that are available at the Macro are somewhat underutilized. This implies that the UEs that are served exclusively by the Macro could suffer a reduction in peak data rates.. When we consider the potential benefits afforded by interference reduction, we must also consider the potential loss in throughput seen by these UEs.  

C. Channel Estimation

Downlink transmissions that occur at the edges of the TTI partition patterns are likely to suffer due to the unavailability of adequate channel estimation quality. One way to address this issue is to ensure preambles prior to data transmission. However, this would in turn reduce the data rates further. Practical channel estimation schemes would have to be used when evaluating gains seen by the use of TTI partitions. 
D. Impact on CS Voice Users
UEs in Region 2 in the example given above may be voice users (CS voice) and require continuous service in order to operate. In these users are connected to the Macro, they would suffer from interference from the Pico during the time that the Pico would be transmitting. If they are connected to the Pico, then they would suffer from Macro interference during those time slots. Either way, there would be a potential for disruption of voice services.

E. Overhead Channels

During the TTIs in which the Macro cell ceases data transmission, there are still overhead channels that need to be transmitted such as P-CCPCH, P-CPICH etc. In addition, there may be DCH or voice users that are connected to the Macro who need to be served continuously. These transmissions could still cause a large amount of interference to the UEs in the range expansion region. Therefore, the potential benefits that result from TTI partitioning are somewhat mitigated by the fact that the interference is not completely absent but is merely reduced (depending on load). To achieve the maximum amount of gain possible, advanced receivers need to be employed that cancel the interference from these overhead channels. Therefore, new UE receivers are likely to be needed to first detect the signal from the LPN amidst the overhead interference and then further have the capability to cancel the overhead interference. It is desired that the gains of TTI partitioning be significant even without such advanced receivers for the scheme to warrant serious consideration.
F. CQI reporting
The interference levels seen at the UE vary dramatically due to the dynamic nature of data transmissions from the Macro/LPNs. Consider a UE connected to the Macro. In the example provided above, the Macro cell can only use the CQI estimated in the slots corresponding to the TTIs 0, 1, 2 and 3. In the other TTIs, the interference from the LPN would distort the CQI measurement resulting in fairly conservative CQI estimates. 

Note that in the current specifications, there is no indication as to when the UE should measure the CQI. With the introduction of TTI partitioning, the CQI measurements at the UE would have to be carefully dictated by the Macro; a fixed CQI delay corresponding to the TTI partitioning pattern would have to be enforced and specified. Since there could be a number of TTI partitioning patterns that could potentially be deployed, the UE would have to be subject to a variety of CQI delay requirements. This additional complexity is also a factor in evaluating the benefits of TTI partitioning. 

In addition, the imposition of a CQI delay would degrade the quality of the CQI due to channel variations thereby also impacting performance. The performance impact of this delay would have to be evaluated in order to estimate realistic gains due to TTI partitioning.
G. Impact on Legacy UEs
Legacy UEs may not have the capabilities of using advanced receivers or be able to delay CQI measurements. This would likely impact the performance of legacy users dramatically as the CQI measurement could become quite unreliable. The impact on legacy users would have to be considered in order to evaluate the resultant performance degradation. 
H. Multiflow
It was also suggested in [3] that Multiflow could be used in conjunction with TTI partitioning to further improve performance. Multiflow transmissions should occur in typically low load scenarios. 

If a UE connected to the LPN receives transmissions from the Macro during the Macro silent period, then such Macro data transmissions would cause interference to other UEs connected to other LPNs thereby eliminating any potential gains due to TTI partitioning. If there are no other LPN users to be affected, then resource partitioning for a single LPN UE is an extremely inefficient use of resources. 

All the issues raised above would have to be considered and the effects of each evaluated before TTI partitioning can be considered to be a serious candidate for range expansion in Hetnets. The evaluation should include bursty traffic scenarios and the gains seen compared with other range expansion schemes such as Macro power reduction. The impact on legacy users and the complexity should also be taken into account. 

Due to the above reasons, it is considered that TTI partitioning is not a reasonable range expansion technique to be used in Hetnets. The complexity in specification and operation are considered to be quite high. 
Proposal: TTI partitioning is not considered as a range expansion technique for UMTS Heterogeneous Networks.
3
Conclusions

In this document, TTI partitioning as a potential range expansion technique for Hetnets was considered. An example of a typical TTI partitioning scheme was considered and potential issues and complexities that arose were detailed. When considering all the aspects of the TTI partitioning technique, it is considered that this scheme is not a viable range expansion technique.
Proposal: TTI partitioning is not considered as a range expansion technique for UMTS Heterogeneous Networks.
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