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1 Introduction
During RAN1#59bis, RAN1#60 and RAN1#60bis there has been proposals on introducing support for Node-B initiated inter-frequency handover (IFHO) in multi-carrier settings. Two mechanisms of similar flavour have been proposed. The first – which we hereon forth will refer to as “fast secondary cell change” – enables the serving Node-B to dynamically change an UE’s secondary uplink carrier between the carriers adjacent to the primary uplink carrier by means of HS-SCCH orders [2]. The second of proposed mechanisms – which we here refer to as “fast primary cell change” – would instead allow the serving Node-B to change the UEs primary carrier from one carrier to another [4]. This contribution presents some further views on these proposed concepts.
2 Discussion
2.1 Existing load balancing mechanisms
For Rel-8/9 multi-carrier HSPA systems there are two mechanisms for load balancing. The first is RRC reconfiguration, which allows the radio network controller (RNC) to change primary and secondary carriers by means of traditional IFHO. The main advantage with RRC signalling is that it is robust and thanks to the NBAP/RNSAP signalling all cells in the active set can be reconfigured simultaneously. Two possible drawbacks with RRC signalling are that: 
· The RNC may have inaccurate information on the interference and load conditions since it has to rely on the existing events, which only weakly reflect this.

· The existing events are associated with both L1 and L3 filtering. This results in that RNC initiated IFHO is a rather slow mechanism (as compared to a potential NodeB controlled IFHO).
The second mechanism available for MC-HSPA systems are HS-SCCH ordered (de)activation whereby the Node-B can dynamically (and e.g. depending on the instantaneous load, interference levels, buffer status) deactivate and/or reactivate the secondary downlink and uplink carriers. This mechanism is considerably faster than RRC reconfigurations but it is only applicable to a UE’s secondary carrier(s).
 
As highlighted in [2] configurations where the maximum number of downlink carriers that can be active simultaneously exceeds the number of uplink carriers opens up for:
· Dynamically change the secondary downlink and/or uplink carriers. This could be used for fast load balancing and we will refer to this as “fast secondary cell change”.
· Dynamically change the primary downlink (and uplink) carrier. We will refer to this as “fast primary cell change”. In addition to fast load balancing this could as noted in [4] potentially be used to avoid radio link failure (RLF).

Fast secondary cell change as well as fast primary cell change will come at a cost of increased system complexity. Hence, they need to be carefully analyzed before they are introduced into the standard. This contribution presents some further discussion regarding these proposals. As will become evident our view is that introducing support for fast primary cell change is associated with large additional complexity. Due to this, we believe that existing procedures based on RNC reconfiguration may be sufficient. Potentially these could be further improved by introducing new dedicated NBAP/RNSAP signalling whereby the serving Node-B can request a reconfiguration to the SRNC. 
2.1.1 Fast primary cell change

Fast primary cell change has been discussed in [4][5]. In those papers it was argued that two advantages would be improved load balancing capabilities (both in the downlink and uplink) and the Node-B’s ability to avoid RLF.

Although we acknowledge that there could possibly be some value in introducing new mechanisms that allow the serving Node-B to change primary carrier we believe that the necessary support would have rather far-fetching effects – both in terms of specifications and in terms of the basic principles for Rel-8/9 MC-HSPA systems. Some examples are:
· Mobility in Rel-8/9 (and likely Rel-10) is based on the primary downlink carrier. Supporting fast primary cell change would thus impact the existing mobility procedures. More specifically, the SRNC and the serving Node-B would implicitly “share” the mobility control. The existing mobility procedures is to a large extent moreover handled by events signalled to the RNC via RRC, which the serving Node-B is unaware of. Hence it is not unlikely that the serving Node-B and RNC will counteract each other.
 

· Synchronization supervision for DC-HSUPA is based on the primary downlink carrier.
· Higher layer control signalling (RRC and NBAP/RNSAP) handles the information related to the primary and secondary differently. Support of HS-SCCH ordered activation for changing the primary carrier is thus likely to require significant work in both RAN2 and RAN3.
Due to these reasons it seems reasonable to only consider fast primary cell change if it can offer significant performance benefits.

Focusing on fast primary cell change initiated by the serving Node-B we moreover envision the following practical issues
:
· RLF is ultimately a consequence of inferior quality of the F-DPCH transmitted on the primary downlink carrier. In principle this should only occur if all of the downlink carriers the UE is monitoring is associated with poor coverage; otherwise it is likely that an Event 2x already would have triggered an RNC initiated IFHO. Improve coverage of the primary carrier would thus most likely require that it is transferred to another (lower) frequency band.

· For DC-HSUPA configured UEs it may not be possible to change the primary carrier to another frequency band since the two uplink carrier needs to be adjacent (as per Rel-9).
· Even if non-adjacent carrier allocation would be possible in some future release or for UEs configured in single-carrier mode a fast serving cell change will require that uplink synchronization is established before data transmission can be reinitiated. Typically, this should follow synchronization procedure A.
· UEs with poor downlink coverage are likely to also have a poor uplink and thus be in SHO. As the HS-SCCH orders only are transmitted from the serving Node-B the non-serving Node-B would be unaware of that a change of the primary cell has occurred. Until the non-serving Node-B either blindly or via some NBAP/RNSAP signalling has been informed that a primary carrier has been performed the SHO gain would be reduced. Moreover, until the non-serving Node-B has been added to active set and resources has been allocated for the UE intercell interference control is limited, which may require that the scheduled grant is restricted.

· Fast serving cell change will result in that the UE/Node-B may have a different view than the RNC regarding which of the frequencies that is the UEs primary frequency. This will open up for new error cases; e.g., if a RNC serving cell change occur subsequent to that the serving Node-B has initiated an primary cell change but before the RNC has been informed that the fast serving cell change has been completed. 

· Fast primary cell change would only be supported for Rel-10 UEs. These UEs will have to coexist with Rel-7/8/9 legacy UEs. For these UEs the network would have to rely on already existing procedures. 

For the reasons listed above our view is that IFHO that involves the primary carrier should remain under the control of the RNC. If we are to improve the performance related to IFHO which involves primary carrier we are leaning towards the alternative of adding dedicated NBAP/RNSAP signalling. This would allow the serving Node-B to suggest a RRC IFHO to the RNC. However, this should be studied in RAN3 (and possibly RAN2). A similar solution is proposed in [8] but then in the context of improved energy efficiency.
2.1.2 Fast secondary cell change
In [2]

 REF _Ref260609500 \r \h 
[3] a proposal that allows the serving Node-B to change a UE’s secondary uplink frequency to the other frequency adjacent to the primary uplink frequency was proposed (see Figure 1). In contrast to the concept proposed in [4] the location of primary uplink (and downlink) frequency remains unaltered. A consequence of this is that impact to specifications and system operation is significantly less. This is in our view one of the benefits of the proposed method.

[image: image1]
Figure 1: Illustration of the concept proposed in [3]. 

In the current form the proposal in [2]

 REF _Ref260609500 \r \h 
[3] require that both secondary uplink carriers are configured even though only one of them is used at a given point in time. As we previously noted in [7] this will result in code resource wastage. If this resource wastage is viewed as a significant problem one possible solution could be to allow more flexible control signalling where the requirement on that the duplex distance between an uplink and a corresponding downlink (carrying the related control signalling) could be relaxed. Such proposals have previously been discussed e.g. during Rel-9 DC-HSUPA and one example would be a network configuration in which all the uplink related transmit control information is transmitted on the primary downlink carrier. 
Some drawbacks with the proposed scheme is that active sets on three frequencies (i.e. the primary frequency plus two adjacent frequencies) needs to be maintained and that the primary uplink frequency always need to be the centre frequency. The additional UE complexity feasibility of this needs to be analyzed in RAN2/4. 
Although it at this stage is unclear how large gains that fast secondary cell change offer in practice we do see some network configurations where support for fast secondary cell change could be beneficial; particularly if the impact to specifications can be kept at a minimum. We moreover believe that the benefit of this type of concepts are likely to increase as multi-carrier evolution continues and the number of candidate uplink carriers, which potentially may be spread over multiple frequency bands, increase. 
3 Conclusions
This contribution discussed two recently proposed concepts aiming at improving load balancing in multi-carrier systems.

The first of the concepts (“fast primary cell change”) may have significant impact; both with respect to the specifications and the design principles of MC-HSPA in Rel-8/9 (e.g., mobility). Due to these reasons we do not consider the potential performance benefits to be sufficient and our view is thus that IFHO involving the primary carrier should remain under the control of the RNC. As a potential improvement to the existing procedures dedicated NBAP/RNSAP signalling that allows the serving Node-B to suggest an IFHO to the RNC could be considered. 

The second of the concepts (“fast secondary cell change”) will to our understanding have moderate impact on specifications and system operations. At the same time similar or even larger gains than those associated with a fast primary cell change can be achieved. Hence, we are leaning towards this option if it is decided to introduce support for fast Node-B initiated load balancing.
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� For DC-HSUPA non-serving Node-Bs in the active set can be informed by means of signalling over Iub (although with some delay).


� As one example consider a scenario where the serving Node-B performs a HS-SCCH fast primary cell change based on uplink load and interference information. In that scenario it is not unlikely that the CPICH quality of the old primary downlink carrier remains superior to the new primary downlink carrier (otherwise an Event 2a should have been transmitted via RRC before). In such situations the UE is likely to anyway send an this Event 2a requesting an IFHO to the old primary carrier via RRC.





� We focus on “hard” primary cell changes in which target cell is not active before the HS-SCCH order is sent. The alternative in which both the target and source cell were active before the Node-B initiated IFHO can be though of as a “soft” primary cell change.





