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Introduction

When more than one Node-B control the cells in the UE active set, there is a question on which Node-B is the scheduling entity and how different scheduling schemes impact the system performance. This document summarizes strengths and weaknesses of each approach. Based on that, the choice of serving cell and scheduling type is recommended.

Overview of the Scheduling in SHO

With the scheduler residing in Node-B, we need to define an uplink serving cell or cells. This was analyzed in [1], and here we present the overview. Three cases are considered; in the first two there is a single serving cell per UE, while in the third option, there are multiple serving cells per UE for a UE in soft handoff (SHO). In all instances, the serving cell is defined as the scheduling cell.

Together with the placement of the scheduling entity, the important concern is the impact of different scheduling schemes under abnormal conditions, such as overload and link imbalance. Under these assumptions we consider the behavior of rate scheduling and time and rate scheduling.

Scheduling Entity

Best Downlink

The first option for the uplink serving cell is the best downlink cell.

· Benefits

1. The architecture is simple. From RNC’s perspective, there is only one serving cell per UE. If the UE is capable of HSDPA, the HSDPA and uplink serving cell are one and the same.

2. Each UE needs to monitor GCH from only one cell.

3. The downlink overhead, in terms of transmit power needed for GCH, is minimized.

· Drawback

1. For a UE in soft handoff and link imbalance, the best downlink cell is not the same as the best uplink cell. This implies that the scheduler is not completely aware of the potential interference that could be caused in adjacent cells due to its scheduling decision.

The benefits far outweigh the drawback. Furthermore, there are techniques to mitigate link imbalance. The serving cell would be aware of link imbalance, since it would see the uplink DPCCH SNR consistently below the RNC defined set-point. This could be factored into the scheduling algorithm.

Best Uplink

The second option for the uplink serving cell is the best uplink cell.

· Benefits

1. The REQCH is reliable at the serving cell. This allows for better allocation of resources at the scheduler.

2. The out-of-cell interference (Ioc) caused by E-DPDCH transmission is upper bounded by the intra-cell interference as seen by the serving cell. This implies that each scheduler is aware of the limit on interference caused in adjacent cells by the scheduling decision.

3. Each UE needs to monitor GCH from only one cell.

· Drawbacks

1. For a UE in soft handoff and link imbalance, the best downlink cell is not the same as the best uplink cell. In this case, the downlink overhead in terms of the transmit power required for GCH could be high.

The drawback could be serious. From a scheduling perspective, the GCH needs to be very reliable. Since the GCH is sent only from the serving cell, when the UE is in a bad downlink geometry (<0 dB) location, the transmit power can be very high. The alternative is to schedule such UEs when the downlink channel condition is better, but this introduces additional delay.

Active Set Cells
The third option is to have all cells in UE’s active set as the set of serving cells.

· Benefit

1. The distributed architecture allows the UE a flexibility to pick a rate from all the grants allocated. 

· Drawbacks

1. The architecture is complex. There are multiple serving cells for each UE, which implies that the average load on the scheduler is larger.

2. The UE needs to monitor multiple GCH each TTI.

3. The downlink load on OVSF code and transmit power resource is large.

The drawbacks far outweigh the benefit. The downlink load is a serious concern and the impact on capacity needs to be carefully investigated.

Impact of Different Scheduling Schemes under Overloading and Link Imbalance

Benefits and drawbacks of all considered alternatives for choosing the scheduling entity suggest that the best downlink as the uplink serving and scheduling entity is the best choice. Having that in mind, it is important to consider the impact of different scheduling schemes on system performance under abnormal conditions, such as overload and link imbalance.
Reaction to Overload in Adjacent Cells

· Rate scheduling involves UE’s incremental rate and power increase or decrease, and does not allow large jumps in UE’s rate and power transmission. Therefore, UE incurs a ramp-up/ramp-down delay, which increases with increased target rates and number of cells in the active set. This increased delay may be a problem when the adjacent cells (in SHO with UE) become overloaded. On the other hand, time and rate scheduling can react fast, and sharply decrease rate of the UEs in SHO with overloaded cells. There is no ramp-up delay, since the information about the new rate is conveyed to UE by using the grant channel.

· In the scenario of the overloading of the adjacent cells, scheduler should decrease the scheduled rates of the UEs that are in SHO with the overloaded cells only. This makes cell specific scheduling unsuitable, since the scheduling message applies to all UEs scheduled by that cell. However, UE specific scheduling is able to convey the scheduling message to UEs individually, and achieve desired effect.

· Due to the same reason as above, where scheduler should decrease the scheduled rates of the UEs that are in SHO with the overloaded cells only, deterministic scheduling is more appropriate than probabilistic scheduling. Unlike deterministic scheduling, the probabilistic scheduling does not guarantee that the UEs that need to decrease their rate will do so.

Link Imbalance

For a UE in soft handoff and link imbalance, the best downlink cell is not the same as the best uplink cell. This implies that the scheduler is not completely aware of the potential interference that could be caused in adjacent cells due to its scheduling decision. However, there are techniques to deal with link imbalance. The serving cell could become aware of the link imbalance by seeing the uplink DPCCH SNR consistently below the RNC defined set-point. Once the link imbalance is identified, scheduler needs to react by restricting the UEs that experience link imbalance.

· Similarly as before mentioned, rate scheduling incurs longer ramp-down delays than the time and rate scheduling, and therefore may result that the UEs in link imbalance cause high interference for longer period of time.

· Since only UEs in link imbalance need to be urgently restricted, the UE specific scheduling is more appropriate choice than the cell specific scheduling.

· In order to selectively restrict only UEs in link imbalance, deterministic scheduling is more effective than probabilistic scheduling.

Conclusion

Based on the various qualitative elements described in the earlier sections we believe that RAN WG1, RAN WG2 and RAN WG3 should use the following working assumptions:

1. The E-DCH serving cell is derived based on CPICH measurements (i.e. best DL cell) and in case of simultaneous HS-PDSCH operation is the same as the HS-PDSCH serving cell.

2. Fast and reliable UE specific deterministic scheduling is supported for UE in the SHO region 
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