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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 system level performance for legacy users employing spatial reuse in combined cell deployments is presented. This complements the existing results captured by the rapporteur in the draft Technical Report [2].

2 Text Proposal

[-------------------------------------------------TEXT START -----------------------------------------------]
7.3

Combined cell

[…]

7.3.5

Legacy UE performance in combined cell
[…]

7.3.5.1
System level analysis
[…] 
7.3.5.2
Link level analysis
[…] 

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
[…] 

7.3.5.x.2 
System level analysis of legacy users with spatial reuse

The performance of legacy users with spatial reuse enabled within a combined cell is evaluated. For the combined-cell deployment, it is assume that either 25% or 30% power is consumed by overhead channels (i.e. combined cell pilot Solution I and II in Section 7.3.4.2). For the macro-only and co-channel deployments, 20% of the total power is assumed for overhead channels. The baseline case is taken without any deployment of LPNs. In the simulation results, average, median, and 5-percentile user throughout performance is provided. The main simulation parameters are stated in Annex A.1. Additional assumptions can be found in Table X below.
Table X: System level simulation parameters.

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m



	Channel Model
	PA3

	CIO
	0 dB

	Max number of HARQ transmissions
	4

	Total overhead power
	20% for co-channel, 25% or 30% for combined cell

	UE Receiver
	Type 3 

	Power control
	DL: Based on CQI. No IBLER control

	Traffic model
	Full buffer

	Total number of users
	16

	User dropping criteria
	Hotspot

	Number of LPNs
	 4

	LPN drop criteria
	Random with uniform distribution

	Network Configuration
	SIMO


In contrast to the SFN case where all links in the combined cell are used for HS-PDSCH transmissions, the SR mode allows multiple UEs to be served in the same TTI, and each UE is served by only a subset of the nodes in a combined cell. In this case, the network only uses links that have signal strength above a threshold, which is determined as the best available link’s signal strength minus a parameter, namely the Isolation Offset. Choosing a large Isolation Offset corresponds to pure SFN since all links will be employed for serving one user, whereas a small Isolation Offset means that one or a few links will be used to serve each user. The latter choice facilitates spatial reuse (SR) for legacy users but is less robust against the channel mismatch. When scheduling a SR enabled legacy UE in a specific TTI, all resources or channel codes at the ports transmitting to the UE will be occupied and not available for other UEs in this specific TTI.  This means that only UEs that use different ports may be scheduled simultaneously. To balance the possible mismatch between the channel estimation and the true channel from the transmitting links, a CQI adjustment based on HARQ statistics is used.

Figure Ya shows results with 25% control channel overhead and Figure Yb depicts results with 30% control channel overhead. In the figures, the following labels are used: Mac – macro-only; Co-ch – co-channel; SFN – single frequency network; SR – spatial reuse using demodulation pilots; SR-L-x – spatial reuse for legacy users with Isolation Offset equal to x. From the figures, it can be seen that when spatial reuse is enabled for legacy UEs in the same combined cell, it is possible to achieve a significantly higher throughput than the macro-only deployment. Furthermore, there is a considerably increased throughput compared to the pure SFN case, and improvements are observed for the mean, the median and for the 5th percentile user throughput. However, by comparing the performance between SR for legacy users and SR for Rel-12 UEs, it can be noted that the channel mismatch between P-CPICH and HS-PDSCH results in a significant degradation for the legacy UEs. The setting of the Isolation Offset will be a trade-off between cell splitting gains and robustness against the channel mismatch. Depending on the scenario, the performance of SR enabled legacy users will be somewhere in between SFN and pure SR. It should also be noted that in the simulations, ideal node selection is used. This will give a slightly better performance for the SR enabled UEs than what would be the case in a real system, where node selection would be based on UL measurements. 
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Figure Ya. Relative gains over macro-only deployment achieved by various heterogeneous network deployments and configurations. Cases with SR enabled for legacy users are denoted by SR-L x, where x is the Isolation Offset determining the inclusion of links used for transmission of HS-PDSCH.
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Figure Yb. Relative gains over macro-only deployment achieved by various heterogeneous network deployments and configurations. Cases with SR enabled for legacy users are denoted by SR-L x, where x is the Isolation Offset determining the inclusion of links used for transmission of HS-PDSCH.
In Figure YYa, the cumulative distribution function (CDF) of the number of scheduled UEs per TTI and cell is depicted. It can be seen that as the Isolation Offset is decreased, the number of simultaneously scheduled users in the same combined cell increases. Note that even for SFN and macro-only cases, the average number of simultaneously scheduled users per macro cell may be slightly greater than 1, due to code-multiplexing. Furthermore when the Isolation Offset is decreased, the number of HARQ transmissions increases (see Figure YYb), indicating an increasing channel mismatch.
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Figure YYa. CDF of the number of scheduled UEs per TTI and cell for different configurations. Cases with SR enabled for legacy users are denoted by a SR-L x, where x is the Isolation Offset determining the inclusion of links used for transmission of HS-PDSCH.
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Figure YYb. Average number of HARQ transmissions for different configurations. Cases with SR enabled for legacy users are denoted by a SR-L x, where x is the Isolation Offset determining the inclusion of links used for transmission of HS-PDSCH.
From the simulation results, it is clear that enabling SR for legacy users has a good potential to increase capacity compared to SFN. However, to reach a performance matching the co-channel case, the new combined cell pilots are needed.
7.3.5.3 
Conclusions on legacy UE performance

[…] 
Furthermore, it has been shown that also legacy users can enjoy the benefits of spatial reuse. Though channel mismatches between P-CPICH and HS-PDSCH result in degradation compared to the case of the SR deployment (no channel mismatch), legacy UEs still experience higher average throughput compared to the pure SFN or Macro only scenario. Consequently, enabling SR for legacy users can provide significant capacity enhancements for legacy users, but the true SR mode with additional pilots is required to achieve general improvements, and a capacity on-par with co-channel.

[---------------------------------------------------TEXT END ------------------------------------------------]
3 Conclusion

In this contribution, a TP on system level performance for legacy users employing spatial reuse 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 Sections 7.3.5.x.2 and 7.3.5.3 of the TR [2]. 
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