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1. Introduction

The Release 6 study item “Uplink Enhancements for Dedicated Transport Channels” was approved at RAN #17 [1], and has been the subject of a number of contributions at RAN1 #28bis and RAN1 #29 (see, for example, [2 – 9]). The purpose of the study item is to examine techniques that can improve the coverage and throughput or reduce the delay on the uplink for IP-based services. The techniques proposed were as follows –

· 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

These techniques are further discussed in this paper.

2. Adaptive Modulation and Coding

Adaptive modulation and coding (AMC), in conjunction with fast scheduling, is a key feature of HSDPA, and gives significant benefits as it allows multi-user diversity to be exploited with no loss of interference diversity. On the uplink, however, the use of fast scheduling / AMC to restrict transmissions to no more than a few UEs at any given time will result in a loss of interference diversity, which may reduce the overall system capacity. Furthermore, there will be additional capacity loss due to the need to support the signalling required for these mechanisms.

This loss of interference diversity will be particularly significant if AMC is used to replace fast power control on the uplink, as has been suggested in some other contributions [4, 6]. Hence it is not recommended to replace fast power control on the uplink with AMC, as was done in the downlink for HSDPA.

Running AMC in addition to fast power control would have to be carefully managed as these mechanisms have contradictory goals. AMC is intended to adjust the code rate to match the SIR currently being experienced on a link. Fast power control, on the other hand, is intended to adjust the SIR being experienced to match the desired code rate. On the downlink, the solution was to fix the transmit power and adapt the code rate. On the uplink, the near-far problem when multiple users are active and the loss of interference diversity would suggest that fast power control be retained and that any AMC be limited to rate matching the transport block to the allocated resources.

Achieving adaptive code rates by the use of rate-matching, such as is used in HSDPA, is a simple and effective way of matching the transport block size to the available resources and is recommended for EUDTCH in conjunction with the existing techniques of varying the spreading factor or number of allocated codes. Variable code rates also work well in combination with a H-ARQ scheme. On the other hand, higher order modulation schemes are of little use for increasing system capacity in the power limited scenarios that are likely on the uplink. Where high peak data rates are required, higher order modulations do provide a real benefit, and hence there may be scope to make 8-PSK or 16-QAM modulation optional for UEs that require such data rates. It should be noted, however, that such a capability comes at the expense of overall system capacity.

3. Scheduling

As mentioned above, the scope for the use of NodeB controlled scheduling in conjunction with adaptive modulation and coding (AMC) to exploit multi-user diversity appears to be limited on the uplink. Where the offered traffic load on the uplink is high and bursty in nature, however, NodeB controlled scheduling could be used to prevent the noise rise exceeding a target threshold beyond which QoS will suffer due to cell breathing. In addition, it may give some benefit to a group of users located close to the NodeB, where the loss of interferer diversity is not so significant. Where the overall traffic load is light, however, non-scheduled (autonomous) transmissions are preferable as this minimises the delay experienced by the traffic. Since the traffic offered by a single user may still be high, and since there is a cost involved in moving a UE out of CELL_DCH state, this mechanism should be investigated for the EUDTCH, rather than relying on the alternatives of using the RACH or CPCH in such conditions.

4. Hybrid ARQ Protocols

H-ARQ protocols were thoroughly studied and adopted for HSDPA, and similar benefits are expected for EUDTCH. On the uplink, however, the issue arises as to how to perform soft-combining in the case that the UE is in soft handoff (SHO). It is likely that the best solution will be to terminate the MAC at the NodeB, with no attempt at soft-combining within the network. The UE would continue to send re-transmissions or additional redundancy until such time as it received an ACK from at least one NodeB in the active set, and the other NodeBs in the active set would be informed of this success in a later transmission by the use of a new data flag. The means of transmitting the ACK/NACK message from the NodeB to the UE is for further study, but one option would be to add an additional field to the downlink DPCCH which could be set independently by the NodeB, in the same way as is currently allowed for the TPC field. A shorter frame size (probably 2 ms, as in HSDPA) would benefit the implementation of the H-ARQ process.
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Figure 1 : Operation of H-ARQ algorithm for the E-DCH

5. Physical layer or higher layer signalling mechanisms

It is not clear that EUDTCH services will necessarily be used in conjunction with HSDPA, and hence the possibility should exist to use either independently. However, where sharing signalling channels would lead to a more efficient solution, then this should be a possibility. To this end, the capability to support HSDPA services should be mandatory for UEs that support EUDTCH services. One possibility would be to share the HS-SCCH for scheduling information, and the HS-DPCCH for uplink information. As in HSDPA, the need to minimise delays on the signalling channels would suggest that direct NodeB to UE signalling is required, rather than going via the RNC.

A preliminary list of messages and information required to support the EUDTCH is listed below –

Uplink

· UE buffer state info

· H-ARQ info (new data indicator, redundancy version, process id)

· Transmission format and resource indicator (TFRI)

Downlink

· Transmission grant message (power budget or rate)

· ACK/NAK feedback

6. Fast DCH set-up

Clearly, retaining UEs continuously in CELL_DCH state is inefficient if transmissions are bursty and infrequent., as this continues to consume both uplink and downlink resources. However, the transition from CELL_FACH state to CELL_DCH state is sufficiently slow that data will be significantly delayed if a sufficiently large amount is generated by the UE that the RACH is insufficient and a transition to CELL_DCH state is required. Consequently, any technique that reduces the DCH set-up time would be beneficial, though it is not yet clear that this can be achieved very readily.

7. Shorter frame size and improved QoS

A shorter frame size of 2 ms would significantly improve the performance of both the H-ARQ and scheduling processes, as was shown for HSDPA. The frame boundaries should be time aligned with those of HSDPA to allow efficient interworking of the two services. A shorter frame size may require a new E-DPCCH, perhaps operating in parallel with the existing DPCCH, but the benefits of a shorter TTI should nonetheless be investigated to see if they are worth this cost.

8. Conclusions

From the contributions so far submitted to RAN 1, the following consensus appears to be emerging as to the elements that feature in the EUDTCH –

· Shorter TTI (probably 2 ms)

· NodeB controlled fast scheduling

· BPSK or QPSK modulation only

· H-ARQ

· Fast DCH set-up

· Possible independent operation from HSDPA

This contribution generally supports this emerging consensus. As regards the more open issues, this contribution reached the following conclusions –

· MAC should be terminated in the NodeB, with no soft combining in the RNC

· Autonomous scheduling for the EUDTCH should be investigated for use at low traffic loads
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