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1
Introduction

A study item on Further EUL Enhancements was recently approved in RAN#58[1]. The objective of this study item is to identify potential technical solutions for increasing the uplink capacity, coverage and end user performance (e.g. latency, achievable rates, etc.). One of the areas of study is:
· Low-complexity uplink load balancing solutions, e.g. a fast uplink carrier switching in Cell_DCH state, especially for configurations where the downlink is configured in multicarrier operation while the uplink is in single carrier 

In this contribution, we discuss ways to achieve load balancing by carrier switching when the UE is configured with a single UL carrier and with dual UL carriers. The scheme relies on the Node-B transmitting, for example, an HS-SCCH order indicating to the UE to switch its (primary or secondary) uplink carrier to achieve load balancing in a dynamic fashion.
2
Dynamic Uplink Load Balancing
In a previous RAN1 meeting a Fast Carrier Hopping (FCH) scheme was introduced for effective load balancing [2]. It was a UE based scheme that switch carrier based on a timer. 
The proposed scheme is based on the principle that when two UL carriers are deployed, at any point there would an imbalance in load between the two carriers. While this can certainly be the case in practical deployments, random switches between carriers does not ensure that the UE is always switching to a better carrier. In many cases, the UE would suffer from a loss in its burst rate due to a higher load on the destination carrier. The management of RoT and power control also pose challenges if there is an asynchronicity introduced in the carrier switch process. 

At the NodeB, there is information available about the load on each carrier, UE buffer size and the UE’s headroom along with the out-of-cell interference levels on each carrier. Since this information is necessary to make the decision to switch the carrier, it seems straightforward for the NodeB to decide on when a carrier switch should occur. The UE on the other hand, does not have the requisite information about the load on each carrier and therefore would not be able to make an informed decision on when the switch should occur.
Proposal 1: Only NodeB-based solutions are considered for Fast Carrier Switching
FCH can be applied to UEs with a single uplink carrier or configured with DC-HSUPA. Since the purpose is to achieve speedy load balancing, the involvement of RNC is avoided i.e., the downlink serving HS-DSCH cell is not changed. The concept is more or less similar in both the cases where single or dual uplinks are configured. 
2.1
Single-carrier Uplink

The UE is configured with DC-HSDPA and transmits uplink data on a single uplink carrier. The network pre-configured a second uplink carrier (corresponding to the second downlink carrier) for load balancing purposes. If the load on the configured uplink carrier increases and the second uplink carrier is relatively lightly loaded, then the network switches the uplink carrier of the UE. The RNC would have to be informed of the carrier switch for mobility management purposes. Some aspects of the switching are discussed below.
Activation time

The switching can be accomplished by L1-signalling (for eg., HS-SCCH orders). Note that we assume that the switching can be done relatively quickly since the downlink is uninterrupted. In Rel-9 the allocated interruption time for orders pertaining to the secondary uplink carrier was specified to be 18 slots. This time was chosen because of the possibility that the downlink may also be activated/deactivated. In Rel-12, it may be possible to reduce this activation time since only the uplink carrier would be affected.
Downlink Control Channels

However, it should be noted that the control channels F-DPCH, E-HICH etc would have to be associated with the activated uplink carrier. It is assumed that the downlink control channels would also switch carriers if the uplink carrier is switched. 

Mobility Management

Active sets for both the uplink carriers would have to be maintained by the UE and the RNC. Since this calls for an additional searcher at the UE, there is some additional complexity incurred. Measurement reports would also have to be specified to ensure that mobility and active set management is not affected. 

Alternatively, if fast carrier switching (FCH) is restricted to UE that are not in soft handover, then this additional complexity could be avoided as there would not be a need to maintain separate active sets at the UE or the RNC. The UE not in soft handover are also likely to be the ones who would most benefit from FCH. 

Soft Handover

In soft handover operation is allowed, then, when the uplink carrier is switched, a mechanism would need to be introduced where the NodeBs in the E-DCH active set are informed of the switch so that soft handover operation is not significantly affected. Since these non-serving NodeBs may be highly loaded on the second UL carrier and can send RGCH to control the uplink grants, the effective rate after switching may not be much higher than one seen prior to the switch. This aspect would also need to be taken into account while considering the benefits of switching.
On the other hand, if FCH is restricted to UEs that are not in soft handover, then additional specification of such mechanisms are not necessary. When in soft handover, the NC could still switch the anchor frequency at a slower rate.

RRM

In effect, the above scheme can be thought of as a scheme for fast anchor switching where both the primary downlink as well as the uplink is switched to frequency F2. However, some radio resource management (RRM) considerations should be kept in mind for such a Node-B based scheme to change the primary carrier. In particular, prior to the switch, the RNC may have configured the UE with intra-frequency measurements on frequency F1 and inter-frequency measurements on F2. After the anchor switch, F2 becomes an intra-frequency carrier and F1 becomes an inter-frequency carrier. Thus, necessary procedures would need to be defined to invalidate the previous RRM configuration(s) and/or define new pre-configuration(s) to be used after the switch.
Figures 1 illustrate the resultant scenarios for a UE under the above strategy of dynamic uplink load balancing.
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Figure 1: 2DL/1UL UE, UE can be dynamically activated on uplink on F1 or F2
The concept of dynamic uplink load balancing works just the same even if more than two carriers are configured on the downlink. When the UE is configured with 3C or 4C-HSDPA, the UE may be preconfigured with two uplink carriers that correspond to any two downlink carriers. Other aspects like the active set management etc, remain the same as DC-HSDPA.
The redirection of the uplink carrier may be due to a long term change in uplink traffic load across carriers and there may be a need to retain the flexibility to allocate the best carrier at any time. The switch (activation to another secondary carrier) need not happen during a data transmission but even if it happens during a data burst, the delay or interruption due to switching frequencies may still be small enough relative to the amount of time it takes to transmit the data burst by the user.
2.2
Dual-carrier Uplink

The same principles of fast carrier switching can be applied when the UE is configured with two uplink carriers. An extra uplink carrier is pre-configured and is adjacent to the two configured carriers. At any given time, the NodeB activates at most two uplink carriers subject to the condition that the two uplink carriers are adjacent. The switching occurs via L1 signaling (for example an HS-SCCH order). The UE only monitors F-DPCH and E-DCH control information on the downlink carriers corresponding to the activated uplink carriers. Due to mobility management the UE and UTRAN maintain active sets on each of the three pre-configured adjacent uplink carriers.
A key difference for the dual carrier uplink FCH scheme is that the anchor cell is not changed in the switching process. Since most of the mobility aspects are associated with the primary carrier, there are no changes to mobility procedure. Thus, the RRM considerations presented in section 2.1 are not a concern for the dual uplink scheme.
Figures 2 and 3 illustrate a case of dynamic uplink load balancing for the above strategy with four adjacent downlink configured carriers.
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Figure 2: 4DL/2UL UE, Anchor = F2, UE can be dynamically activated on uplink on F2 or F2/F3 or F1/F2
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Figure 3: 4DL/2UL UE, Anchor = F3, UE can be dynamically activated on uplink on F3 or F2/F3 or F3/F4
2.3
Dynamic uplink load balancing in CELL_FACH
In CELL_PCH and CELL_FACH, UEs may select a particular carrier based on cell reselection criteria as configured by the UTRAN. Situations arise when the selected cell or frequency that the UE camps on may be especially loaded on the uplink in comparison to another frequency configured in the same cell. Therefore, load balancing can be achieved by switching the UE to another frequency for random access. Another reason for a frequency switch would be the lack of available E-DCH resources. This scheme in CELL_FACH state could also be categorized as resource load balancing.

In CELL_FACH state the L1 signaling to be used for carrier switching would be via the E-AICH channel. A reserved value on the E-AICH could indicate a frequency transition request to the UE. The UE would perform a random access to on the secondary frequency. In order to avoid RNC involvement in this procedure, the UE does not switch the DL frequency.
Proposal 2: Consider fast carrier switching schemes in CELL_FACH using E-AICH signaling.
3
Conclusions

Fast carrier schemes were discussed in this contribution. This feature removes the reliance on RNC to perform dynamic uplink load balancing and provides the NodeB the flexibility to move the uplink of the UE dynamically across the carriers. However, there are also some issues that would need to be resolved for the potential benefits of the scheme to be realized. The issues of activation time, management of downlink control channels, mobility, soft handover and RRM aspects were discussed. 

In these schemes, it would be the NodeB who would have most relevant information available to initiate the switching process. It is therefore considered that UE based schemes are not serious candidates. In addition, load balancing could be considered for the CELL_FACH state where one uplink carrier could become heavily loaded thereby compromising the UEs capability to perform random access on that carrier. Similar load balancing schemes for CELL_FACH using E-AICH could also be considered. Therefore, the following is proposed.

Proposal 1: Only NodeB-based solutions are considered for Fast Carrier Switching

Proposal 2: Consider fast carrier switching schemes in CELL_FACH using the E-AICH channel.
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