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1
Introduction

During the previous RAN1 meetings (RAN1#70bis and RAN1#71), a number of papers were submitted proposing aiming at the so-called range extension problem, which has been often mentioned in recent HetNet SI intra-frequency discussion papers. It facilitates to reduce the UL/DL imbalance and to fully exploit gains provided by HetNet. 
One of solution for this range extension has been presented in [2], [3], called “TTI partitioning” or “Restricted Resource Subframe”.  

In this paper we would like to discuss those proposals and express our views concerning the introduction of those techniques, which hence for the sake of clarity will be referred to as RRS partitioning. 

2 Further considerations on the RRS partitioning

Before starting to analyze advantages and disadvantages of the RRS approach, it bears mentioning that a similar kind 
of technique was already studied at the Multiflow SI stage, and the simulation results for which were already presented in TR 25.872. In particular, at the Multiflow SI stage, the following solutions were evaluated: 

· HS-DTX. The site-wide scheduler decides which cell transmits to which UE based on observed signal strength as reported by a UE. The purpose of this scheme was to avoid data transmission from a particular cell so that its interference to other UEs would be minimal.

· HS-SFN. With this technique, a similar kind of site-wide scheduler is used that in addition to deciding which cell should transmit, also instructs another cell to transmit exactly the same data thus further boosting the DL performance.

· Coordinated Multiflow. Similar to the already standardized Multiflow, the idea was that the scheduler coordinates moments of time when Multiflow transmission should take place. This was simulated in two scenarios: intra-site Multiflow with the coordination only within the site and RRH intra-site Multiflow, when 
6 or more cells are assumed to be remote radio heads.

Among the solutions mentioned above, HS-DTX is logically identical to the RRS and TTI solutions proposed in [3] and [2] respectively, whereas coordinated Multiflow logically corresponds to the combination of RRS and Multiflow [3]. Indeed, the RRS pattern can be understood as a semi-static form of the HS-DTX and the coordinated Multiflow, where a decision on how to allocate resources is not taken every TTI, but rather at much larger time intervals. As a result, the simulation results already available for HS-DTX and coordinated Multiflow can provide an estimation for the upper bound of achievable gains because the less accurate and frequent resource re-allocation decisions are, the lower gains will be.

Based on the considerations presented above, we would like to present a brief summary of performance gains which were analyzed by RAN1 and included into TR 25.872. For the HS-DTX scheme, the gains for the softer handover UEs were dependent on the receiver type and the offered load. For the Type3 receiver, gains were in the order of 0-25%, whereas with Type3i gains were smaller, in the order of 0-10%, which is explained by the Type3i capability to cancel the interference from the neighboring cells. As for the coordinated Multiflow, different proponents came with slightly different conclusions, ranging from even negative gains to up to 8% gains.  With the RRS (and RRS+Multiflow) scheme the gains would be even smaller due to the semi-static nature of a coordinated decision on which Node B  can transmit and the timing of the transmission. 

One of the requirements of the RRS scheme mentioned in [3] is that of tight timing synchronization between the Node Bs, which makes it even more complex when compared to  HS-DTX and HS-SFN where such a synchronization was not explicitly needed since the scheduling decision was optimized only within the site or RRHs belonging to the same site. This synchronization is potentially difficult to achieve because of for instance clock drift and complicates network deployment. We think that on top of that such synchronization and resource partitioning, additional network impacts may result. For instance, the Iub interface might probably get highly loaded with handling of missed synchronization cycles on lost TTIs. Secondly, flow control in distributed architectures may become very complex with inter-Node B scheduling. 

Yet another aspect is that similar to the problem already identified in HS-SFN: RRS partitioning may impact the CQI values reported by UEs. Certainly, the introduction of advanced receivers could potentially mitigate this problem, but 
it would not alleviate the issue for legacy terminals. We believe the impact on the physical layer may be quite noticeable and could result in  performance degradation for the majority of (legacy) terminals.

As was studied during  the Multiflow SI stage, for coordinated schemes as HS-SFN and coordinated Multiflow, 
an attempt to optimize for the best scheduling from the channel performance point of view may result in situations when other UEs are blocked and suffer from temporary absence of resources. The same concern applies also for the RRS partitioning, and in conjunction with the semi-static resource allocation the RRS partitioning may end up with quite marginal gains, if any. As mentioned in [2] and [3], a consequence of resource sharing is that fewer resources (TTIs) are available for a given UE.

3
Conclusion

In this paper, we have presented our further considerations regarding the RRS partitioning approach proposed by a few proponents during the RAN1#71 meeting. As a general summary, our view is that a set of quite similar technique were already studied during the Multiflow SI stage, with simulation results summarized in  TR 25.872. Due to the nature 
of simulation scenarios and the scheduling paradigms considered at that time, those results can be considered as upper bound for the achievable gains with the RRS partitioning. However, it is worth noting that the gains obtained there were small, while incurring considerable network complexity. A similar outcome can be expected for the new proposed RSS partitioning scheme.

Of course, the NetNet environment with more Node Bs can change the upper bound for the achievable gains, and 
it is difficult to quantify now whether they will become less or worse. However, we do not expect them to be that much different from already available results.
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