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1
Introduction

Lately, there has been some interest expressed in developing solutions for “HSPA and LTE carrier aggregation”, in which a UE would be capable of receiving (and possibly also transmitting) simultaneously on both types of carriers. The solution could offer benefits for load-balancing and peak-data rate improvements in an operator network with limited spectrum availability.
In this paper, we make an initial analysis of the HS+LTE carrier aggregation approach. Our understanding is that this approach is one of many approaches that could provide gains for smooth migration from HSPA to LTE for an operator with limited spectrum. However, we also believe that there are existing approaches available that will facilitate such smooth migration. It is therefore necessary to make a broader analysis of the migration issue, to find whether existing solutions are insufficient for the scenarios at hand and whether any comprehensive specification enhancements are motivated. This is necessary, since our impression is that an HS+LTE aggregation solution could result in a rather heavy specification burden including some comprehensive re-design of UEs and (e)NBs to support the feature.
When specifically analyzing the HS+LTE carrier aggregation approach in a more detail, we find that there are a number of key questions that will have to be studied and answered before such a solution could be specified in any further detail. These include both architectural aspects and the overall technical scope of such an improvement. We find that these choices would have a profound effect on both the potential performance benefits and the technical complexity and applicability. 
2
Discussion

2.1
Scenarios

It is our present understanding that the HS+LTE carrier aggregation solution is intending to, at least partly, address the following question:
How can an operator with limited spectrum ensure smooth migration from HSPA to LTE?
While any conclusions will heavily depend on the addressed scenario, we will try to ease the forthcoming discussion by using a very simple example.
Example: Consider an operator with 4 x 5 MHz HSPA carriers. Assume now that the operator wants to successively introduce LTE, and that this operator does not own any carriers dedicated to LTE.  This situation is illustrated below, where the y-axis illustrates the use of the four carriers, and the x-axis shows how the operator replaces HSPA with LTE over time as the number of LTE capable terminals increase.
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If the operator now replaces one or several HSPA carriers with LTE at an early stage, it will mean that a part of the operator’s capacity is reserved for LTE capable UEs alone. This population may be rather small to begin with.  Thus, the load on the LTE carriers may be rather low at start. At the same time, and unless the operator was in possession of some additional carriers for LTE, a fraction of the previous HSPA capacity is “lost” due to the LTE reservation, as illustrated above. In addition, if the reserved LTE bandwidth is rather limited (to serve the modest LTE load in the beginning), it could happen that the end-user LTE performance does not meet expectations when comparing with  the mature and widely deployed HSPA performance that is available over multiple carriers e.g. for multi-carrier HSPA operation and load balancing.
In the sequel above, we listed some potential aspects that could be of relevance in the particular example migration scenario as outlined above. However, conclusions on improvement needs will severely depend on the assumed scenarios. For example, if the operator above had been in possession of additional LTE carriers beyond those HSPA carriers in the figure, the situation would look rather different. In particular, if the operator has at least one rather wide carrier for LTE, then the relative gain for the end-user from aggregating one or two HSPA carriers in parallel to LTE will be rather modest. Further, if the operator would introduce LTE at a time when the fraction of LTE capable terminals is larger, then the conclusions could also be quite different.
We therefore think that some representative migration scenarios may need to be identified for the analysis of issues of potential relevance that may require further considerations.
2.2
Existing approaches

Migration is by no means a new problem. Most operators are already today operating multiple technologies, such as e.g. GSM/GPRS/EDGE and WCDMA/HSPA. The specifications offer various solutions for controlling this. These approaches include inter-RAT load-balancing through handover, re-direction, cell selection approaches etc. The recent increase of PS traffic has resulted in a renewed interest in HetNets that also relate to load-balancing, albeit the focus often is on intra-RAT solutions.
Given some representative migration scenarios, we think that the adequacy of existing approaches should be contrasted with any new solutions in order to evaluate the need for additional specification enhancements. If existing solutions are found inadequate to address the assumed scenarios, then it should be analyzed if the existing solutions could be improved, or if we need completely new solutions such as inter-RAT aggregation.
2.3
Carrier aggregation solutions
As noted above, HS+LTE carrier aggregation has been mentioned as one solution for potentially improving load-balancing (as compared to existing methods) and for improving end-user peak rates in some scenarios, where the available spectrum may be constrained in various ways.
Provided such an aggregation solution would be found motivated and feasible, we note that there are several high-level issues for which a common understanding is needed. Below, we discuss some of the primary ones that we have identified in our analysis done so far.
Architecture – where should such aggregation take place? 
Multi-RAT aggregation can be performed at many different levels. For example, in TS 23.261 3GPP has specified a solution for IP flow mobility over WLAN, in which different IP flows may be routed over different access technologies. If such architecture would be applied for HS+LTE, the implications on the RAN specifications could be limited to a minimum, although it is rather likely that the performance of such a solution based on IP flow mobility would be inferior to a more integrated solution, as exemplified below.
Another set of approaches is to perform the aggregation in, or to be exact, between the RANs. In this case, the effects on the core-network could probably be reduced to a minimum, as the aggregation could be made invisible to the core. However, also in this case there are a number of high-level issues that would call for sufficient attention.
Is there a primary/master/anchor system, and if so – which one?
By primary/master/anchor system we here assume that e.g. mobility and connection control would mainly be controlled from one of the systems, while additional carriers from the other system would be comprehended as “extension carriers” for boosting the end-user performance. For an operator with a large HSPA deployment, it could appear natural to have HSPA as the primary system, while an analysis of protocol performance might favour LTE as the primary system. Specifying solutions for both may result in a considerable burden on the RAN WGs. This issue is illustrated below.
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Should interfaces between the RANs be specified? 
Primarily, this is about whether an HS+LTE aggregation solution should be available for integrated sites alone, or also between non-co-located UTRAN and E-UTRAN nodes that potentially are provided by different vendors. Preferences may depend on whether the intended solution would primarily address the aforementioned load balancing issue or the peak-data rate improvement case.
If aggregated in RAN, at which layer?
User-plane aggregation could be performed on e.g. PDCP, RLC or MAC level. The choice would have an effect on how the solution addresses the identified issues, and how complex the solution would be specification-wise. The picture above and in the case where HS is assumed to be “primary” illustrates a solution with MAC-aggregation. However, another potentially plausible approach could be to forward data from the RNC to the different base stations.
Should aggregation be performed both in the UL and DL? 
A quick analysis reveals that HS and LTE have more commonalities in DL than in UL. However, a solution with aggregation in DL only may result in difficulties for L1/L2 signalling in the UL, potentially resulting in a heavier standardization burden in RAN1. In contrast, simultaneous UL transmission on both HS and LTE could result in tough work for RAN4 in specifying requirements. As usual, we think that 3GPP should balance various approaches by comparing the benefits received in return for the efforts spent, and ensure that a solution is extendable if a first solution in a release is not the final.
How many carriers and of which type should a first solution support? 
An obvious question is whether an intended solution should be addressed for dual-carrier aggregation, or whether such a solution should allow for aggregation of multiple carriers in both systems. Clearly, the addressed scenarios will both affect the answer to this question, and the amount of work needed for specifying a solution.
2.4
Impact on standardization groups
Specifying the details of an inter-RAT aggregation solution appears to be a rather complex task involving several standardization groups. Some technical alternatives may influence the CN requiring involvement from SA, while RAN architectural choices will require input from several RAN working groups. Detailed requirements for particular carrier combinations would result in a rather heavy burden on RAN4.
3
Conclusion

“HSPA and LTE carrier aggregation” has recently been mentioned as one approach for improving load balancing and peak-data rates in a migration scenario from HSPA to LTE. In the present paper, we provided an initial analysis of this approach.
It is our understanding that this carrier aggregation solution may provide benefits in particular migration scenarios. If such scenarios are identified, it should be investigated whether existing solutions need to be improved, or whether completely new approaches are motivated. In our initial analysis, and provided that HS+LTE aggregation is found to be motivated, we find a number of high-level issues that first would need to be addressed before any detailed work on a technical solution can commence. Some issues are briefly listed in the present contribution. We find that the HS+LTE aggregation solution is equipped with considerable complexity challenges and uncertainties, why the approach should only be adopted if some significant benefits are expected in return.
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