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1.
Introduction

3GPP has incrementally introduced Multicarrier HSDPA to standards from Release 8 onwards and is currently working on aggregating up to 8 HSDPA carriers in Release 11. Simultaneously 3GPP Release 10 is introducing carrier aggregation for up to 5 LTE carriers.

Fully exploiting the potential of HSDPA carrier aggregation and/or LTE carrier aggregation may be difficult for operators needing to operate both technologies in parallel and having to face the realities of limited spectrum availability.
Consider an operator planning to deploy LTE in the near future and currently having e.g. 15 MHz of spectrum on one band with HSDPA operating on it and additional 15 MHz of spectrum set aside for LTE deployment. This imaginary operator would in practice not be able to use LTE carrier aggregation without shutting down some HSDPA carriers, but it may be undesirable to do so and for sure would be impossible to free all 15 MHz of HSPA spectrum for LTE use. It is also good to keep in mind that the offered peak downlink data rates with LTE and HSPA are not that different when using the same bandwidth and the same antenna configuration. The marketing of the new LTE network may pose a challenge if the end user peak data rates remain practically unchanged.
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Figure 1: LTE DL/HSDPA carrier aggregation principle

Both the Multicarrier HSDPA and LTE carrier aggregation were motivated by being able to provide higher peak rates to end users, being able to dynamically balance load over the multiple deployed carriers and provide best possible spectrum utilization. The same motivation is very much in place also in a multiradio environment, where both LTE and HSPA systems coexist.

In this document we introduce the concept of aggregating HSDPA carrier(s) as secondary cells in the LTE carrier aggregation frame work, enabling operators to dynamically combine the capacity and peak data rates of both LTE and HSDPA bands
2.
Aggregating LTE and HSDPA carriers
2.1

Architecture considerations

The high level principle is to use the existing LTE carrier aggregation framework, but allow using HSDPA carrier(s) as secondary carriers instead of being limited to aggregation of LTE carriers only. This allows for retaining single core network and limits the changes to radio network only. That is, like with Release 10 LTE carrier aggregation, the core network is not impacted.
To reduce the impact to the deployed HSDPA infrastructure, the HSDPA L1/L2 transmission is foreseen to remain unchanged, and the LTE used as the controlling radio (An LTE carrier is always assigned as the Pcell taking care of the RRC connection).
· Having the LTE as the master allows maintaining good latency performance when relying on the use of LTE uplink with the 1 ms TTI. (Note that the discussed concept focuses on the downlink carrier aggregation only.)
· In both LTE carrier aggregation and multicarrier HSDPA the data split to multiple carriers takes place in the BTS. Hence we would see it natural to also split the data flow between LTE carrier and HSDPA carrier at the BTS. This approach would maximise the reuse of existing LTE and HSDPA multi-carrier implementations and fits well to both LTE and HSDPA architectures. With the protocol mode for both LTE carrier aggregation and multicarrier HSDPA the scheduling is a MAC layer functionality, thus joint scheduling does from the model point of view require the MAC layer communications between LTE and HSDPA.

· Use of single uplink (LTE) facilitates low latency and does not require multi-band uplink transmission from the terminal. Dual-band uplink would result with limited uplink range on both radio systems. The latency with uplink using HSUPA would be clearly higher when having to use 10 ms TTI at the cell edge area, while achievable uplink data rates are clearly better with LTE uplink.
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Figure 2: Possible architecture for LTE+HSPA aggregation

2.2 
Data rate and capacity impacts
With the example used at the introduction, an operator with 15 MHz for both LTE and HSDPA would be able offer aggregated peak rate of the two systems instead of being limited to what 15 MHz can deliver on each of the two systems alone.  When considering the HSDPA peak data rate of 42 Mbps per carrier, then the peak data rate offered with aggregated HSDPA/LTE solution with 15 MHz +15 MHz spectrum would be over 230 Mbps, a clear step from the 110 Mbps available with the 15 MHz LTE or 126 Mbps with 15 MHz HSDPA(when assuming 2x2 MIMO for both). Of course comparable peak data rates can be achieved with 30 MHz HSDPA or 30 MHz LTE (252 or 220 Mbps respectively), however in many cases it is not really an option to just deploy either HSPA or LTE, but both need to coexist in parallel.
The benefits for average user data rates and network capacity at different load points are foreseen to be similar as with the LTE carrier aggregation, when joint scheduling is enabled at the BTS site (where schedulers both for LTE and HSDPA are located already).

Besides the peak data rate, also the cell edge performance is improved as with the joint scheduling at the BTS, the scheduler can choose which band is better at the current time instant, or even using both bands simultaneously. This being similar to the inter-band LTE (or HSDPA) carrier aggregation.

2.3 
Inter-RAT load balancing

When operating LTE carrier aggregation, the network is able on a TTI basis to balance the load between different carriers. So far the inter-RAT load balancing has been relying on slower methods, such as handovers etc. The use of LTE and HSDPA carrier aggregation allows dynamically (in a TTI level) to balance the downlink load between the LTE and HSDPA in order to maximize the spectrum utilization.  
3
Conclusions
In this contribution we discussed how in a spectrum-constrained world with strong global HSPA footprint the motivation for not just operating HSPA and LTE networks in parallel and aggregating carriers together within each radio system, but aggregating the two together is strong, as it:
· Allows to combine the peak data rates of both radio systems
· Provides dynamic load balancing between the two radios

· Ensures highest possible spectrum utilization when both LTE and HSPA systems are deployed

· Protects the investment made on the existing HSPA infrastructure as it reduces pressure to refarm from HSPA to LTE for higher data rates in LTE radio
· Allows to reach the carrier aggregation benefits in addition to the peak data rate also for the cell edge data rate.

Further we described a high-level concept of how the LTE and HSPA carriers can be aggregated without impacting the core network.
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