Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #38
                R1-04-0977
Prague, Czech Republic 
August 16. – 20. 2004

Agenda item:

9.2
FDD Enhanced Uplink – Scheduling

Source: 
Nokia
Title: 



1-bit Rate Request/Rate Grant Scheduling Signalling

Document for:

Discussion

1
Introduction

The 1-bit Rate Request (RR) and Rate Grant (RG) scheduling signalling between the UE and the Node B for the 2-pointer rate scheduling method was already introduced during the SI phase of the uplink enhancements. After the decisions made in the RAN1/RAN2 meeting in MontrealRAN1 meeting #37, the original proposal with TFC pointers is not directly applicable any more, but requires small revisions.

This document re-introduces the 2-pointer rate scheduling with 1-bit RR/RG signalling for the CCTrCH of E-DCH type.

2
Rate Scheduling for the CCTrCH of E-DCH Type

2.1
General Principle of the Scheduling Proposal

The set of E-TFs (E-DCH Transport Formats) from which the UE may choose an E-TF is denoted “Node B controlled E-TF subset” in the following. The UE selects a suitable E-TF from the “Node B controlled E-TF subset” for the E-DCH transmission in the next possible TTI. The exact method for selecting the E-TF is subject to further discussion, but the selection is limited at least by the available power after the transmission power allocated by the R'5 TFC selection for the same TTI, and the data available for the E-DCH transmission in the UE buffer.

Figure 1 illustrates the principle of the E-DCH data rate control of the UE. 

· The Node B controlled E-TF is defined by the UE pointer that the Node B can control with dedicated Rate Grant commands sent in the downlink separately for each UE. 

· The RNC can semi-statically adjust the Node B pointer for each E-DCH radio link of the Node B, i.e. the Node B pointer is UE-specific. The Node B may not command the UE pointer above the RNC controlled Node B pointer that can be used for the RNC to easily limit the maximum data rate of any given UE.

· The UE pointer cannot be used to limit the UE data rate below the E-TFs in the minimum E-TF set. The need of such minimum set is subject to further discussion, but enabling mapping of RRC signalling to E-DCH would benefit from being always able to transmit without additional scheduling delays. 
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Figure 1: E-DCH data rate control with E-TFs as seen by the UE

The alternative option would be to schedule the UE total data rate with the UE pointer in such a way that the UE would first select the R'5 TFC used for the DCH transmission and if the data rate indicated by the UE pointer would exceed the data rate of the TFC, the difference can be used for E-DCH transmission.

2.2
Signalling for the Scheduling in the Downlink

For the Node B to be able to control the UE pointer, DL physical layer signalling is required. The minimum amount of signalling would be of 1 bit differential up/down bit signalling that would enable the Node B to have a step-by-step control over the maximum E-DCH (or alternatively total) data rate available for the UE. The more bits are used for the DL RG signalling, the more accurate and fast the Node B control will be. The downside of adding more bits is that the capacity penalty in the downlink increases. Furthermore the signalling errors in the DL may cause high and unexpected interference peaks as with 1-bit signalling the unexpected data rate increase may only be of 1 TF step.

In a Nokia contribution [1] certain ideas are introduced, which enable the 1-bit RG signal to be used for faster data rate ramp-up than step-by-step increase would allow, but obviously the accuracy achievable with 1-bit signalling is inferior to the signalling that could e.g. directly point to any given E-TF.

If the added capacity penalty of signalling more than 1-bit rate grant can be accepted and the reliability against signalling errors guaranteed, we would prefer more accurate signalling. However, 1-bit signalling is least DL capacity consuming and most error tolerant solution and we would recommend taking that as a basis for DL scheduling signalling.

Proposal: 3-stage up/down/keep downlink Rate Grant to be adopted as a baseline for the DL scheduling signalling. Additional enhancement methods for are for future study.

2.3
Signalling for the Scheduling in the Uplink

As shown in [1], Node B scheduling is possible without any additional signalling in the uplink and if the UE transmission is allowed to have an occasional data rate overshoot, the delay of statistical methods can be decreased. However, with higher data rates, the data rate request by plainly increasing the transmission data rate for a moment and considering that as a request, will introduce too much unexpected uplink interference. Thus we consider that some uplink scheduling signalling needs to be introduced.

As discussed in a Nokia contribution [2], the main problem in the uplink signalling is that the power required for transmitting the signalling is away from the data transmission. As the uplink is typically power limited, the overhead from the signalling reduces the uplink coverage of each data rate. Thus the main point in the design of the uplink scheduling signalling is to minimise the power it requires and still make sure that sufficient reliability is achieved. Thus our proposal is to assume as a baseline the 1 bit up/keep scheduling signalling potentially with considering higher-than-maximum transmission as an up-request. (Transmitting lower than maximum available data rate can be considered as a down-request). Introducing additional enhancements to this should be considered as long as they do not limit the uplink coverage of the data rates.

Proposal: 1-bit up/keep uplink Rate Request with potentially considering higher-than-maximum data rate transmission as up-request with low data rates as proposed in [2] to be adopted as a baseline for the UL scheduling signalling. On top of this, enhancement methods that do not limit the uplink coverage and are not costly in the downlink should be investigated. E.g. broadcasting of additional information for enabling faster ramp-up could be one option as presented  in [3].

3
Conclusion

Our proposals for the baseline scheduling signalling are:

· Downlink: 3-stage up/down/keep downlink Rate Grant to be adopted as a baseline for the DL scheduling signalling. Additional enhancement methods should be investigatged, one solution is proposed in [3]

· Uplink: 1-bit up/keep uplink Rate Request with potentially considering higher-than-maximum data rate transmission as up-request with low data rates to be adopted as a baseline for the UL scheduling signalling. On top of this, enhancement methods that do not limit the uplink coverage should be investigated. Some solutions are proposed in [1].
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