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1 Introduction

During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. In this contribution a text proposal on link-level analysis of spatial reuse performance for legacy UE in a combined cell is presented. This complements the existing results captured by the rapporteur in the draft Technical Report [2].
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7.3.5.x 
Performance of legacy users with spatial reuse 

7.3.5.x.1 
Link level analysis of legacy users with spatial reuse
In this subsection, link level performance of legacy users with spatial reuse is analyzed based on UE locations shown in Figure 68 and geometries tabulated in Table 57. Note that according to Table 57, at locations L1, L5, L6, L7, and L8, the received signal is dominated by the Macro signal. Thus, even if a legacy UE served by the Macro uses the P-CPICH to estimate the channel parameters (path delays and coefficients, and CQI) in the case of spatial-reuse, it will not see too much mismatch between the estimated channel parameters and the true ones corresponding to the link to the Macro node. In this case, the LPN can serve another UE, a legacy UE or Rel-12 UE, without having too much impact on the legacy UE served by the Macro node. At locations L2, L3, and L4, the differences in signal strength between the Macro and LPN signals are 6 dB, 0 dB, and 7 dB, respectively. Thus, the impact of channel mismatches is expected to be more pronounced. In the below discussion, we will mainly focus on UEs at locations L1, L5, L6, L7, and L8 as far as spatial reuse applying to legacy UE is concerned. However, we will also illustrate problems with applying spatial reuse to UEs at locations where the isolation between the Macro and LPN signals is not sufficient.
It is assumed that the LPN is serving another UE, thus HS-PDSCH intended for the Macro UE is only transmitted from the Macro. As a result, there is a mismatch between the channels experienced by P-CPICH and HS-PDSCH from the perspectives of the Macro UE. For simplicity, we only focus on the throughput performance of the Macro UE, and the performance of the LPN UE is not modeled. Note that the LPN UE could be a Rel-12 UE, and thus there is no risk of mismatches in CQI and channel estimation since it uses new Rel-12 combined-cell pilot solutions. Thus, its performance will be similar to the performance experienced in a co-channel deployment. Alternatively, the LPN UE could be another legacy UE, in which case its performance would be similar to the Macro UE performance having the same isolation factors (defined as the difference in received signal power between the LPN and Macro). For a fair comparison, for the macro-only deployment it is assumed that the Macro UE only gets 50% of the radio resources based on round-robin scheduling, since without the LPN the other UE also needs to be served by the Macro. However, in the macro-only case, there is no interference from the LPN. For both co-channel and combined-cell with spatial reuse, the interference from the LPN is modeled.

For the combined-cell deployment, it is assumed that pilot solution I [12], i.e., -13 dB power allocation for the demodulation pilot (D-CPICH) and -16 dB power allocation for the probing pilot (F-CPICH). For legacy UEs, both D-CPICH and F-CPICH are irrelevant in terms of CQI and channel estimation. These new pilot channels however reduce the available power in a combined cell for HS-PDSCH, which is reflected in the simulations. For the macro-only and co-channel deployments, 20% of total power is assumed for the overhead channels.

The evaluation results are summarized in Table X. The Isolation Factor is defined as the power difference between the received Macro and LPN signals. It can be seen that when spatial reuse is enabled for legacy UEs in a combined cell, it is possible to achieve a higher throughput than the macro-only deployment when the Isolation Factor is large. In such cases, the gain in throughput from spatial reuse out-weights the loss due to channel mismatches between the P-CPICH and HS-PDSCH. For example, at location L1, the mismatches result in a degradation of approximately 20% compared to the co-channel deployment. However, compared to the macro-only deployment, spatial reuse allows the legacy UE to enjoy a gain in throughput of approximately 58%. When the legacy UE is at a location with a larger Isolation Factor, its throughput performance can be close to that in the co-channel deployment.

Table X: Relative performance of spatial reuse for legacy UEs (served by the Macro node) in a combined cell compared to in macro-only and co-channel deployments. (locations with good isolation between the Macro and LPN signals)

	Macro UE location
	Isolation Factor
	Gain over macro-only deployment
	Gain compared to co-channel deployment

	L1
	14 dB
	58.7%
	-20.1%

	L5
	37 dB
	94.2%
	-3.0%

	L6
	25 dB
	85.8%
	-7.2%

	L7
	35 dB
	91.7%
	-4.3%

	L8
	32 dB
	87.1%
	-6.4%


Finally, the problem when spatial reuse is applied to legacy UEs at locations without sufficient isolation is illustrated. The results are shown in Table Y. It can be seen that channel mismatches result in very significant loss compared to the co-channel deployment. Furthermore, at location L3, performance worse than in the macro-only deployment is observed. Thus, to fully realize the benefit of spatial reuse in a combined cell, Rel-12 pilot solutions are needed. 

Table Y: Relative performance of spatial reuse for legacy UEs (served by the Macro node) in a combined cell compared to in macro-only and co-channel deployments. (locations with insufficient isolation between the Macro and LPN signals)

	Macro UE location
	Isolation Factor
	Gain over macro-only deployment
	Gain compared to co-channel deployment

	L2
	6 dB
	23.0%
	-38.6%

	L3
	0 dB
	-9.6%
	-54.9%


From the system perspectives, the spatial reuse opportunity in a combined cell may not always exist for a legacy UE. It depends on whether the legacy UE can be paired with another UE to be served in the same TTI. The following conditions need to be met for a spatial reuse opportunity to occur involving a legacy UE.

· The legacy UE needs to have sufficient isolation between the received power of the Macro and LPN signals.

· The other node(s) in the same combined cell has a Rel-12 UE to serve or can find another legacy UE having sufficient isolation to serve.

While the link-level analysis studies the impact of CQI and channel mismatches and illustrates the potential of spatial-reuse for a legacy UE, a sensible question to ask next is whether the spatial-reuse opportunity involving a legacy UE can be found in a combined-cell deployment. This question is addressed through a system-level evaluation in 7.3.5.x.2.
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2 Conclusion

In this contribution, a TP on legacy UE performance in combined cell deployments is provided. The proposed text is based on [3] and complements the existing results captured by the rapporteur in the draft TR [2].

Proposal: Include the provided TP in Section 7.3.5.x of the TR [2]. 
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