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1 Introduction

The scope of the study item on enhanced uplink includes adaptive modulation and coding schemes, Node-B controlled scheduling and short TTI. A short TTI in conjunction with Node-B controlled scheduling allows for a smaller uplink delay, while adaptive modulation and coding allows for a higher average cell throughput.

 In this contribution, we describe a logical channel structure which enables support of these schemes.

2 Scheduling philosophy

So far, the meaning of the term “Node-B controlled scheduling” has not been defined. In Release-99, the RNC controls the rate set allocated to each UE, while UE autonomously performs TFC selection from the allocated TFCS, while obeying certain defined rules. This is a hybrid scheduled/autonomous structure. 

Without any loss of generality, in a scheduled system, the following procedure is followed.

1. UE requests permission to transmit at a certain rate

1. This rate is tempered by the amount of data in it’s buffer and the transmit power limitation

2. Scheduling entity grants UE the permission to transmit a certain rate

1. The granted rate need not be the same as the requested rate

3. UE transmits at a certain rate

1. If the transmit rate is enforced to be the same as the granted rate, no additional uplink signaling is needed, and we are left with a strict scheduled system.

2. If the transmit rate is not enforced to be same as the granted rate, the UE needs to signal the transmit rate, and the system becomes both scheduled and autonomous as in Release-99.

With HARQ enabled, the UE would receive the acknowledgments from one or more cells in its active set. 

Therefore, in a scheduled system with physical layer HARQ, we need the following logical channels. 

· Uplink

a. [E]-DCH – Data

b. [RICH] - Rate Indicator channel

c. [REQCH] - Request channel

· Downlink

1.  [GCH] – Grant Channel

2. [ACKCH] – Acknowledgment Channel

Instead of repeating the lengthy channel names, we have defined a certain channel nomenclature. It allows for better readability of the document.

3 Uplink Serving Cell
With the scheduler residing in Node-B, we need to define an uplink serving cell or cells. In the first two options, we will consider a single serving cell per UE. In the third option, we will consider multiple serving cells per UE for a UE in soft handoff. 

In all instances, the serving cell is defined as the scheduling cell.

3.1 Best Downlink

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

1. 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. A UE with multiple cells in active set 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. Further, the drawback is not a show-stopper. 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.

3.2 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]-DCH 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. A UE with multiple cells in active set 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 UE’s when the downlink channel condition is better, but this introduces additional delay. This issue is FFS.

3.3 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. The UE rate selection algorithm could be specified by the network.

· Drawbacks

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

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.

4 Functioning of HARQ in SHO

For UE’s in SHO, the [E]-DCH and [E]-DPCCH could be decoded by all cells in active set. There are two options of handling HARQ in this scenario.

4.1 Serving Cell

In the first option, only the serving cell has control on HARQ transmissions. This implies that only the serving cell can terminate UE’s transmissions on [E]-DCH.

· Benefits

1. The HARQ functioning is simple. The physical layer packets are received from only one cell.

2. The non-serving cells do not have to transmit [ACKCH], thereby minimizing OVSF code and transmit power resources.

3. The UE needs to monitor a single [ACKCH].

· Drawbacks

1. In SHO, the DPCCH is power controlled by all cells in active set. Therefore, the [E]-DCH and [RICH] is less reliable at the serving cell, leading to multiple HARQ retransmissions.

2. In a link imbalance scenario, a non-serving cell might always decode the [E]-DCH and control channels, but would be precluded from sending an ACK.

The main drawback is an increased average delay and uplink interference. There is little the serving cell can do to mitigate this.

4.2 Active Set Cells

In the second option, all cells in the UE’s active set send the [ACKCH]. This implies that any active set cell can terminate UE’s HARQ transmissions on [E]-DCH.

· Benefit

1. The physical layer retransmissions are minimized, leading to less average uplink interference and delay.

· Drawbacks

1. The HARQ functioning is no longer trivial.

2. The non-serving cells have to transmit [ACKCH], thereby utilizing OVSF code and transmit power resources.

3. The UE needs to monitor multiple [ACKCH] from all cells in active set.

The first two drawbacks can be mitigated to some extent by a careful design of the [RICH] and a judicious choice of TTI. However, the UE would still need to monitor multiple [ACKCH].

5 Choice of TTI

A short TTI helps in minimizing the uplink delay and allow sthe scheduler to take advantage of certain short term variations in the channel condition or system loading. A natural choice is 2ms, the duration of a HSDPA sub-frame. This also allows for a natural evolution for networks and terminals from Release 5. A TTI greater than 2ms provides some benefits, especially for terminals in SHO. It should be noted that the TTI equal to multiple of 10 ms are already supported by the Release-5 structure.

Consequently the choice of TTI should not be restricted to a single value at this stage as different values may prove valuable in different conditions. 

6 Summary of Design Framework

Figure 1 captures the generic channel structure which should be considered in the scope of the enhanced uplink study item. Possible multiplexing and mapping of these logical channels is considered in [1, 2, 3].
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Figure 1 Logical channel configuration for enhanced UL study
6 Conclusion

We have described a generic set of logical channels to be considered in the framework of the enhanced UL study item. We propose that this generic structure is captured in the technical report.
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