3GPP TSG-RAN WG1 #35 Meeting




  Tdoc R1-031180
Lisbon, Portugal, 17-21 November 2003

Agenda item:
7.1 

Source: 
Nokia and Samsung
Title: 





Detailed description of Node B controlled rate scheduling: text proposal
Document for:
Discussion and Decision
1. Introduction
The following text proposal is written to consolidate the descriptions of “rate scheduling” and “rate scheduling with fast ramping” under section 7.1.1. Main changes compared to the current TR are as follows:
· The rate scheduling is described in section 7.1.1.3.1 entitled “Step-wise control of the UE allowed TFC subset”.

· The rate scheduling with fast ramping is described in section 7.1.1.3.2 entitled “Step-wise control of the UE allowed TFC subset with fast ramping.”
· The description about the minimum TFC set is moved before start of section 7.1.1.3.1, since it is common for the both schemes.

· Use of TFCI in UE pointer control is described in new section 7.1.1.3.3 entitled “Use of TFCI in UE pointer control” according to the comment raised in the reflector, since it is also common for the both schemes.
· Section 7.1.1.5.1 “L1 signalling” is split into two subsections to describe the L1 signalling required to support the two schemes, respectively. 
It is proposed to include the text proposal into the TR.
------------------------ Start of text proposal -------------------------------- 

7.1.1
Node B Controlled Rate Scheduling by Fast TFCS Restriction Control

Editor's Note: This chapter is currently describing one possible solution for Node B controlled scheduling using a new L1 mechanism for transport format combination control. Other possible solutions may be defined later.

7.1.1.1
Purpose and General Assumptions

The purpose of the studied technique is to enable more efficient use of the uplink power resource of the cell in order to provide a higher cell throughput in the uplink and a larger coverage area for higher uplink data rates for streaming, interactive and background class services. These goals are to be reached by fast Node B controlled uplink scheduling which provides a better control to uplink noise rise and enables better control to noise rise variance.

In the existing Rel'99/Rel'4/Rel'5 system the uplink scheduling and data rate control resides in the RNC, which is not able to respond to the changes in the uplink load as fast as a control residing in Node B could. Thus the Node B control is seen to be requiring less UL noise rise headroom for combatting overload conditions. Node B control is also seen capable of smoothing the noise rise variance by allocating higher data rates quickly when the uplink load decreases and respectively by restricting the uplink data rates when the uplink load increases.

This enhancement technique is a method which itself does not require changes to the uplink DCH structure but rather introduces new L1 signalling to facilitate fast UL scheduling by means of transport format combination control. Hence the method does not require a new transport channel to be defined, but does not forbid it either. The method can be applied with or without other enhancements such as for example HARQ and Fast DCH Setup.

7.1.1.2
General Principle

The basic principle of the technique is to allow Node B set and control a new restriction to the TFC selection mechanism of the UE by fast L1 signalling. From the UE point of view the scheduling principle is the same than in existing Rel'99/Rel'4/Rel'5 system with the modification that there would be additional L1 control over a new restriction to its TFC selection mechanism. In the UTRAN side, a new scheduling by the means of fast TFCS restriction control is introduced in Node B.

All the same functions considered for the enhancement technique can be achieved with already existing RRC procedures for TFCS configuration and transport format combination control. However, by allowing the Node B to have control over TFCS restrictions (i.e. provide a mechanism for transport format combination contorol in L1) enhances the speed of which the UTRA can adapt to the changes in the UL load. In Rel'99/Rel'4/Rel'5, restricting the set of allowed TFCs in a TFCS is done using an RRC signalling procedure called transport format combination control.

7.1.1.3
Restricting the Allowed Uplink TFCs in a TFCS by L1 Signalling

In the subsequent chapters, a new mechanism and related L1 signalling are introduced. The purpose is to enable the Node B to have a fast control over the TFC subset allowed to be used by the TFC selection algorithm of the UE. This is to be achieved by defining two TFC subsets of the TFCS (A "Node B allowed TFC subset" and a "UE allowed TFC subset"), and control signalling for adjusting these subsets.

Node B provides UE with an allowed TFC subset" from which the UE's TFC selection algorithm selects a TFC to be used by employing the TFC selection method defined in Rel'99/Rel'4/Rel'5 specifications. This TFC subset provided by the Node B is named the “UE allowed TFC subset”.

In order to give RNC efficient control over the "UE allowed TFC subset" primarily controlled by the Node B, the RNC provides the Node B with a second TFC subset named “Node B allowed TFC subset”. Node B defines and freely reconfigures the "UE allowed TFC subset" as a subset of the "Node B allowed TFC subset". It is expected that with the “Node B allowed TFC subset” RNC is able to do similar TFC restrictions as done in Rel'99/Rel'4/Rel'5 by using Transport Format Combination Control procedure defined in RRC signalling. Both subsets are defined individually for each UE.

The “UE allowed TFC subset” and the “Node B allowed TFC subset” may be signalled in the form of TFC pointers pointing to the TFCS of the UE, if the TFCs can be arranged in an order that corresponds to the TFC restriction rule  (or scheduling strategy) that the Node B would be willing to apply. The ordering rule may be explicit or implicit.
The UE and Node B allowed TFC subsets should not restrict the use of the TFCs in the minimum TFC set guaranteed to be available for UE's TFC selection at all times unless the minimum TFC set definition in the already existing specifications is changed. (Minimum TFC set is defined in Rel'99/Rel'4/Rel'5 specifications)
7.1.1.3.1
Step-wise control of the UE allowed TFC subset
In an example illustrated in the Figure7.1.1 below the Node B may want to restrict the TFCs in the order of Tx power for the CCTrCH. In Figure 7.1.1, the TFCs in a TFCS are shown ordered in descending order (with respect to the power required) starting from zero. Both TFC pointers are initialised to both the Node B and to the UE by the RNC in the beginning of the connection. After initialisation the Node B can command the UE pointer up/down with the restriction that UE pointer may not exceed Node B pointer, by taking into account the request from the UE and the uplink noise rise situation in the cell. The UE can ask the Node B for the UE pointer up if the available transmit power and the amount of data can accommodate the expanded UE allowed TFC subset. The TFC selection algorithm in the UE may select any TFC up to the TFC indicated by the UE pointer. The purpose here is to control the UE's power usage by restricting its TFC (i.e. data rate) selection.
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Figure 7.1.1: Depiction of the TFC pointers


7.1.1.3.2
Step-wise control of the UE allowed TFC subset with fast ramping
This approach allows the Node B to expand/reduce the UE allowed TFC subset one step at a time as well as to update the UE allowed TFC subset to any allowed value. The Node B scheduler may decide which UEs will be allocated the explicit signalling specifying the new UE allowed TFC subset in order to reduce the latency in increasing the data rate, by taking into account the amount of data and the transmit power status of the UE as well as the uplink noise rise situation in the cell. It is noted that UE maximum power capability along with the transmit power status can be used for determining the UE allowed TFC subset. The Node B could send the explicit signalling of the new UE allowed TFC subset to the UE in order to jump down the UE pointer by multiple steps. Such fast ramping down makes it possible for the Node B to quickly release the uplink resource for the UE, which is currently transmitting but does not have any more data to transmit. The Node B may send the other UEs the UE pointer up/down command to expand/reduce the UE allowed TFC subset one step at a time. Downlink signalling overhead can be reduced through use of the UE pointer up/down command while transmitting at certain stable data rates. 
With this approach, the UE should first try to detect the explicit signalling of the new UE allowed TFC subset. If it is not detected, the UE should try to detect the UE pointer up/down command. The UE can provide the Node B the amount of data in its buffer and its transmit power status through signalling of the scheduling information update. For example, the UE may transmit the scheduling information update upon occurrence of new data in order to ask the Node B to allow it jumping up the UE pointer by multiple steps. It is FFS how to minimize the number of the scheduling information update signallings that are sent on uplink. 
7.1.1.3.3
Use of TFCI in UE pointer control

More control over the UE pointer can be obtained e.g. by understanding the UE's transmitted TFCI as an indication of whether or not it can use the maximum data rate available to it. Simple rules can be created exploiting the possible difference of the used TFC and available TFC for e.g. ramping the UE pointer down when it stops using the maximum data rate available to it. The TFCI can also be used for L1 signalling error recovery, i.e. recover from situation when the UE pointers of the UE and the Node B have drifted apart.
7.1.1.4
Issues Requiring Further Studying

It is FFS, how a DCH controlled with this method could be multiplexed with DCHs controlled with Rel'99/Rel'4/Rel'5 methods, especially keeping in mind that simultaneous conversational traffic should be possible. Methods for using separate code channel and TFCS, as well as multiplexing the Node B controlled DCH with e.g. a DCH carrying voice in the same CCTrCH are to be studied. Naturally, if a DCH carrying e.g. conversational traffic is multiplexed with a DCH carrying streaming, interactive or background traffic, the first DCH carrying conversational traffic still represents the non-controllable load and only the second DCH could be controlled by the proposed method.  

It is FFS how the method should work in different reconfiguration cases, such as physical channel and transport channel reconfigurations, TFCS reconfiguration for the UE, Node B allowed TFC subset reconfiguration for the Node B. E.g. in TFCS reconfiguration it should be defined whether UE continues the transmission with the new “UE allowed TFC subset”, or continues with the old one. To allow flexible update of “Node B allowed TFC subset" to the Node B, and simultaneously minimise the amount of RRC signalling, one possibility is that  “Node B allowed TFC subset" is not informed to the UE at all.

It is also FFS how the method should work in soft handover. One possibility in the event the use of two pointers with the up/down command is applicable is to use the same kind of method as defined for TPC commands. I.e. each cell in the active set receives L1 signalling from the UE and transmits L1 signalling to the UE independently from the other cells. Only if all the cells in the active set command the UE pointer increment, the UE increases the UE pointer with one step. Respectively, if at least one Node B in the active set commands the UE pointer decrement, the UE decreases the UE pointer (and therefore the maximum power that can be transmitted) with one step. Also other possibilities exist and should be investigated.

The impacts of L1 signalling errors (including possible error accumulation) is FFS. This includes possible mitigation techniques. Both the non-SHO and the SHO cases need to be considered.

7.1.1.5
Signalling to Support Fast TFCS Restriction Control

Editor's Note: This chapter is currently describing one possible solution for the signalling to support the method. Other possible signalling solutions may be introduced later. 
7.1.1.5.1
L1 signalling
In addition to the new L1 messages introduced below, the TFCI present in the Rel'99/Rel'4/Rel'5 specifications may be used to facilitate transport format combination control by layer 1 signalling.
7.1.1.5.1.1  L1 signalling to support step-wise control of the UE allowed TFC subset

Two new L1 messages are introduced in order to enable the step-wise transport format combination control by L1 signalling between the Node B and the UE.

· Rate Request (RR), sent in the uplink by the UE to the Node B. With the RR the UE can ask the Node B to change the set of the allowed uplink transport format combinations, e.g., to expand the UE allowed TFC subset by one step, within the transport format combination set.

· Rate Grant (RG), sent in the downlink by the Node B to the UE. With RG, the Node B can change the allowed uplink transport format combinations, e.g., expand/reduce the UE allowed TFC subset by one step at a time, within the transport format combination set.

7.1.1.5.1.2  L1 signalling to support step-wise control of the UE allowed TFC subset with fast ramping

Three new L1 messages are introduced in order to enable the step-wise transport format combination control with fast ramping by L1 signalling between the Node B and the UE.

· Scheduling information update, sent in the uplink by the UE to the Node B. With the scheduling information update, the UE can provide the Node B with the amount of data in its buffer and its transmit power status.

· TFC subset indicator, sent in the downlink by the Node B to the UE. With the TFC subset indicator, the Node B can explicitly specify new “UE allowed TFC subset” within the transport format combination set.
· Rate Grant (RG), sent in the downlink by the Node B to the UE. With RG, the Node B can expand/reduce the UE allowed TFC subset by one step at a time within the transport format combination set.
7.1.1.5.2
RRC signalling

Editor's Note: This chapter is to be defined later.

7.1.1.5.3
Iub/Iur signalling

Editor's Note: This chapter is to be defined later.

------------------------ End of text proposal -------------------------------- 
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