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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 legacy UE performance in combined cell deployments is presented. In particular, it is described how legacy user can be experience considerably improved performance by employing spatial reuse. 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 

A legacy UE uses the P-CPICH, which is transmitted by all nodes in a combined cell, for channel quality indicator (CQI) estimation as well as for channel estimation. Consider the example illustrated in Fig. X, where two UEs are in locations where the received signal is dominated by the signal only from one transmit node. As shown, based on the P-CPICH, UE-A sees two strong paths and one weak path (colored in red) from the Macro node and one additional weak path (colored in purple) from the LPN. Similarly, UE-B sees two strong paths (colored in purple) from the LPN and one weak path (colored in red) from the macro node.

When the HS-PDSCH channel is transmitted using the SFN mode, the multipath delay profile for the P-CPICH signal matches that of HS-PDSCH as illustrated in Fig. XX. However, in this case, UE-A and UE-B need to be either code-division multiplexed, sharing the OVSF codes of HS-PDSCH, or time-division multiplexed, served in different TTIs. In either case, the same radio resources cannot be used to serve both UE-A and UE-B in the same TTI.
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Figure X: Scenario where two legacy UEs each sees the received signal dominated by signal from one transmit node.
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Figure XX: Multipath delay profile of P-CPICH matches that of HS-PDSCH in the SFN mode.

In the scenario illustrated in Fig. X, the network may actually reuse the same radio resource to serve UE-A and UE-B in the same TTI. This results, however, in a propagation channel mismatch between P-CPICH and HS-PDSCH as illustrated in Fig. Y. SR gives rise to what is called the cell-splitting gain. However, for legacy UEs a mismatch between the multipath delay profiles of P-CPICH and HS-PDSCH will result in degradation due to inaccurate channel parameter estimation (e.g. estimation of path delay and coefficient and CQI). However, if the mismatch is small due to that the paths from the other transmit nodes are weak, the benefits of spatial reuse can be preserved to a large extent. For the general deployment case with RRUs deployed within a Macro area a number of observations can be made:

· To get the cell-splitting gain, users that can be scheduled simultaneously need to exist. This essentially means that there needs to be users with sufficient isolation between them.

· Gains can be obtained even though simultaneously schedulable users cannot be found. The ability to mute, or rather not transmitting HS-PDSCH from certain nodes, will decrease the inter cell interference and is beneficial from an energy savings point of view.

· For legacy users in the Macro served area, it is rather simple to find good candidates that benefit from re-use of resources, whereas for users in the LPN served area, it can be more difficult to find good candidates. The reason is that the strong Macro signal creates potentially strong interference in the LPN area, whereas the weak LPN signal disturbs Macro area users much less.

· The central scheduler needs to know what users that are good candidates for joint scheduling. Since there are no probing pilots, or dedicated demodulation pilots available for legacy users, one needs to rely on other information. For example, uplink measurements can be used to estimate the isolation between different transmission nodes.

Another observation is that the operation of SR for legacy users can be combined with the true SR concept for Rel-12 users (supporting demodulation pilots). Hence, a legacy user in the Macro serving area can, for example, be paired with a SR supporting user in the LPN serving area. Consequently, even though significant capacity improvements can be offered to legacy users by enabling SR, the gains are expected to increase even further with the introduction of true SR supporting users. Enabling SR for legacy users should be seen as a way of providing 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.

[image: image3.emf]UE-B Multipath delay 

profile (P-CPICH)

UE-B Multipath delay 

profile (HS-PDSCH 

with SFN)

UE-A Multipath delay 

profile (P-CPICH)

UE-A Multipath delay 

profile (HS-PDSCH 

with SFN)


Figure Y: Multipath delay profile of P-CPICH does not match that of HS-PDSCH in the spatial reuse (SR) mode.
For particular deployment scenarios, the gain of enabling SR for legacy users can be significant while the operation can be simpler. Two examples are given in Fig. YY. In the highway scenario, it is more straightforward to find good candidates that would benefit from joint scheduling and re-use of resources. In the example below, three LPNs are deployed in a combined cell fashion, and it is likely that users 1-3 can be scheduled simultaneously using the same resources. In addition to the typical combined cell benefits, e.g. improved mobility, this offers large capacity improvements compared to scheduling them one and one in a TDM manner. Similar benefits can be found in the in-building scenario, where the floor/ceiling provides natural isolation between different transmission nodes.
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Figure YY: Highway scenario (left) and in-building scenario (right).
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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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