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1. Introduction

In the RAN #17 meeting , a release 6 study item with the title "Uplink enhancements for Dedicated Transport channels" [1] was approved.  In this paper the study areas listed in the study item sheet are gone through, along with discussing what kind of issues could be included into the study areas for each topic. 
2. Justification and objectives

The main targets, listed in the agreed study item sheet, were to improve both the coverage and throughput , as well as reduce the delay of the uplink. To accomplish these targets, it was agreed that the study should include, but not be restricted to, the following topics related to enhanced uplink for UTRA FDD to enhance uplink performance in general or to enhance the uplink performance for background, interactive and streaming based traffic:

· Adaptive modulation and coding schemes

· Hybrid ARQ protocols

· Node B controlled scheduling 

· Physical layer or higher layer signalling mechanisms to support the enhancements

· Fast DCH setup

· Shorter frame size and improved QoS
Areas that could be studied under these topics are discussed further in the next section.
3. Study areas

3.1 Scheduling

NodeB controlled scheduling with AMC

Method: One possible approach how to introduce possible enhancements in uplink, would be to copy the concept of HSDPA to uplink. This would mean that the transport format, in terms of SF, modulation and coding – i.e. TFRC, would be changed in the channel fading rate. This would probably need the modification of the TTI size to be smaller than 10ms, to make it work properly without power control or with some slower power control cycle. Also there would probably need to be some kind of signaling between UE and NodeB to allow the scheduling at the network side to have a clear control of the TFRC, allocated to the UE. Thus UE would need to give some indication to the network , what kind of bit rate is needed by the UE. And network side would need to signal some feedback to the UE what TFRC is allowed. 

Targets: One of the targets in this approach would be to allow very high bit rates close to the cell, in a similar way as in HSDPA. The other target would be to minimise the variance of the uplink noise rise in the own cell by fast NodeB scheduling. 

Potential benefit: If the uplink noise rise variance can be minimised with the above mentioned techniques, this method could potentially result in the increase in uplink throughput,  due to smaller power margin requirement for combatting the overload conditions. 

NodeB controlled scheduling with closed loop power control
Method: Another possible approach how to introduce the enhancements in uplink would be to use the current closed loop power control cycle in uplink, and mainly concentrate on fast packet scheduling at the NodeB.

If we take the rel99 uplink packet scheduling as a reference, there the possible techniques are traffic volume measurements coupled with UL TFCS management, and TFC selection at the UE. The idea in these are that that the network side gives some parameters to the UE for traffic volume measurements purposes, i.e. how the UE can inform to the network about its current buffer status , by means of RRC signaling. E.g. there could be some threshold given by the network, so that if the UE's buffer contents exceeds the threshold, the UE sends traffic volume measurement to the network, simultaneously informing how much data there is currently in its buffer. Another alternative is to have periodic traffic volume measurements , reported by the UE to the network. In return, the network can inform the currently allowed uplink TFCS set to the UE. With the allocated TFCS given by the network, UE can decide , according to the TFC selection procedure defined in [2,3], what TFC among the TFCS it uses, depending how much data it has in its buffer to be transmitted, and whether current level of the transmitter power allows the UE to transmit with the corresponding TFC. 

One possible drawback in the current Rel99 uplink scheduling techniques, is the fact that they implicitly mean quite statistical packet scheduling approach at the RNC. Statistical packet scheduling in this context means, that if the traffic created in different UEs is quite bursty, and if RNC has still given the UE relatively high data rate in the allowed UL TFCS, it cannot be guaranteed that the activity periods in different UEs will result in a smoothed average UL noise rise. Instead there will be peaks in the uplink noise rise, due to the bursty traffic from different UEs being active with non predictable fashion, according to their traffic models and with activity factors being typically clearly lower than 1 for the allocated TFCS. One possibility is naturally to allocate a TFCS corresponding to some lower data rate for each UE, to minimise the UL noise rise variance, but this will mean that it will take longer time for the UEs to complete the transmission. 

A possible solution how to improve the rel99 specification in this respect, would be that fast scheduling is introduced at NodeB level, and some kind of faster signaling is introduced between UE and NodeB, and in that way try to  take care that each UEs activity factor for the currently allowed UL TFCS is close to 1.

Targets: The main target would be to minimise the variance of the uplink noise rise in the own cell by fast NodeB scheduling.

Potential benefit: If the uplink noise rise variance can be minimised with the above mentioned techniques, this method could potentially result in the increase in uplink throughput,  through the smaller power margin requirement to combat the overload conditions.

Link adaptation at UE with closed loop power control
Method: A third possible approach how to introduce the enhancements for uplink would be to keep the power control on in uplink, and introduce some kind of link adaptation mechanism at the UE, to minimise the interference to neighboring cells.

The link adaptation could be done e.g. in such a way that a certain reference TFC is given to the UE by the network. Thus the UE would try to keep the transmit power level within a certain margin relative to the power level needed for the reference TFC, by changing the SF. This technique would be utilised closer to cell edge, since the accuracy of measuring the transmit power level is not probably not going to work properly with this scheme at smaller transmitter power levels, and also since the dominant area for creating interference to other cells is clearly the cell edge area.

Targets: The main target would be to minimise the variance of the uplink noise rise to neighboring cells.

Potential benefit: If the uplink noise rise variance to neighboring cells can be minimised with the above mentioned techniques, this method could potentially result in the increase in uplink throughput,  through the smaller power margin requirement to combat the overload conditions.

3.2 HARQ 

Hybrid ARQ schemes have been studied extensively for HSDPA. A MAC-hs layer fast HARQ based on N-process Stop-And-Wait (SAW) ARQ was introduced in Rel’5. The HARQ scheme of HSDPA is based on two-stage rate matching algorithm and supports both Chase combining and incremental redundancy (IR). In addition to combining gain, the HARQ, which is functioning between Node B and UE, provides shorter round trip delay than RLC based ARQ schemes of Rel’99 thus improving the end-to-end delay of the packet based services.

The HARQ schemes should provide gains also in the uplink both in throughput and delay performance. However, the differences of downlink and uplink have to be taken into account in the study, especially the need of power control and soft handover in the uplink. Also, the complexity issues, i.e., the required processing times both in the network and in the UE side as well as the required soft buffers in the network side have to be taken into account when assesing different schemes.

3.3 Soft handover

The HSDPA data and control channels are not in SHO, i.e., the downlink channels HS-SCCH and HS-DSCH are only transmitted from a Node B at a time and the uplink HS-DPCCH is received only by a Node B. In order to avoid severe intercell interference, our current understanding is that the uplink DCH should be in SHO whenever the UE can be heard by more than one Node B so that those Node Bs can contribute to the power control. Therefore, all the enhancements introduced for the DCH should be carefully studied with SHO, too. Especially, enhancements that require distributed control, such as Node B based scheduling or HARQ schemes between UE and Node B, need extra care since they introduce control signaling which is not in SHO, i.e., each Node B in the active set generates independent signaling. Due to SHO principle (= it is enough that only one Node B is heard by the UE), all the Node Bs in the active set may not be heard by the UE and this has to be taken into account when defining the enhancements. Similarly, the uplink signaling required for the enhancements may not be heard by all the Node Bs in the active set.

3.4 Physical layer structure

Uplink
Enhanced uplink traffic will be transmitted on DPDCH. Whether this will be modified to accommodate some shorter TTI length or continue with 10 ms TTI is up to further studies. It is noted that  TTI shorter than 10 ms would necessitate a completely new dedicated control channel for uplink signalling. Since the backwards compatibility issues are to be discussed and kept in mind, it is noted that 10 ms TTI on the other hand would allow easy time-multiplexing of enhanced and other bearers e.g voice. Code multiplexing, i.e. enhanced DCH on one code channel and Rel99/rel4/ Rel.5 DCH on another, also raises some concerns due to the fact that it will have on impact on the PAR at the UE.

The uplink signalling may consist of HARQ and scheduling information, to name examples.The choice of the uplink control channel depends on the set of features chosen for uplink enhancements and the soft handover support. Among a number of possible alternatives the use of HS-DPCCH for uplink signalling of enhanced DCH may be feasible. On the other hand there are potential advantages with a new BPSK-modulated control channel in the I or Q branch.

The challenges the uplink enhancements face are different from the ones in downlink traffic. Consequently, the solution for enhanced uplink channel structure may differ substantially from the one chosen for HSDPA. 
Downlink

The channel structure for the control signaling in the downlink should be defined in that way, that the UE is not required to support DSCH or HS-DSCH simultaneously. The control signalling could be inserted into DPCH, e.g. by creating space for it by puncturing, modifying the DPCCH /DPDCH structure, borrowing the TFCI bits or inserting a new transport channel. Another possibility could be to reserve a new code channel, either dedicated or common for several UEs, for the control signaling in the downlink.

3.5 Shorter frame size and improved QoS

We think that the study of shorter frame size could be coupled with the proposed scheduling scheme, here referring to comments given in section 3.1. 

4. Proposed Way Forward

There is a separate input paper in [4], containing a draft TR outline for Enhanced Uplink. The scope of this contribution is also to help to understand the proposed chapter division in the draft TR outline.

One additional point that we would like to raise at this point of time is that it is quite important to agree how the future performance evaluation is to be made for the proposed techniques for Enhanced Uplink DCH. The reference to which all the new techniques should be compared, should be the rel99/rel4/rel5 packet scheduling methods in uplink, including the current TFC selection method, for which performance requirements were just quite recently agreed in RAN WG4. Thus the agreed evaluation procedure should be such that only if incremental gain is found compared to rel99/rel4/rel5 methods, it can be considered to be seen feasible to be studied further.

The specification for the TFC selection procedure can be found from section 11.4 , "Transport format combination selection in UE" in [2], and the requirements for TFC selection at the maximum TX power can be found from section 6.4 "Transport format combination selection in UE", [3]. Also some definitions and requirements for setting TFCS , further utilised in TFC selection , can be found from [3]. Some latest RAN WG4 contributions on the TFC selection method can be found from [5, 6]. [6] contains the agreed CR on TFC selection method into [3].  

Also the requirements for the Enhanced Uplink DCH should be discussed at the early phase, including the environments to operate etc. One requirement should be at least that the Enhanced Uplink DCH should be defined in such a way that it is possible to operate independently from HSDPA. 

5. Conclusion

This paper discussed what kind of issues could and should be included in the study areas for each topic for Enhanced Uplink DCH. It was also made to help to understand the chapter division proposed in the draft TR outline in [4]. 

Further, it was raised up that it is important to clarify that the reference case for Enhanced Uplink DCH performance evalution should be the rel99/rel4/rel5 uplink packet scheduling, including the recently agreed TFC selection requirement at the UE maximum TX power in RAN4, explained in more detail in [5,6], and found from the specifications [2,3].

Finally , it was pointed out that the requirements section in the TR should be discussed at the early phase. And that at least one requirement should be that Enhanced Uplink DCH should be defined in such a way that it is possible to operate completely independently from HSDPA operation.
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