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1
Introduction 

Fast Node B controlled scheduling for uplink is one of the enhancements under study in the enhanced uplink DCH study item. This document tries to collect together and discuss different aspects of all the scheduling related uplink signalling methods discussed so far during the study. This document discusses the uplink signalling for scheduling only, but it is assumed that some form of DL signalling is present facilitating the scheduling commands from the Node B to the UE.

2
Discussion

2.1
Information used for scheduling decisions

The Node B scheduler needs to continuously make decisions on dividing the uplink noise rise resource between the active UEs. The decisions may be based on information signalled from the UE to the Node B, historical statistics or both. Three different approaches can be identified for the Node B scheduler to obtain the information needed for scheduling decisions

1. The UE signals the Node B scheduler information of its situation (amount of data to send, available Tx power etc.). From this information the Node B scheduler derives the data rate each UE would be able to use and makes the decisions of assigning data rates to the UEs. The amount of data to send could either be per E-DCH transport channel, a combination of all the E-DCH transport channels or a combination of all the E-DCH and DCH transport channels.

2. The UE derives the data rate it could use from its situation (amount of data to send, available Tx power etc.) and signals this information to the Node B scheduler. The Node B scheduler makes the decisions of assigning data rates to the UEs. The data rates could be signalled and scheduled per E-DCH transport channel, a combination of all the E-DCH transport channels or a combination of all the E-DCH and DCH transport channels.

3. The Node B estimates the data rates each UE may be able to use based on history information of e.g. used data rates and TPC commands.

The practical solution may naturally not be strictly limited to one of the alternatives described above but it can as well combine characteristics from different approaches.

2.2
Uplink signalling of scheduling information

The uplink signalling for the Node B scheduler can also take three approaches.

1. Explicit signalling in the uplink, i.e. the UE signals quantized values to the Node B scheduler, e.g. informing that it has x bytes of data in its buffer, or it could use data rate y.

2. Differential signalling in the uplink, i.e. the UE signals the Node B scheduler that it could use higher data rate than currently allowed/used.

3. Implicit signalling (no signalling) in the uplink, i.e. the Node B scheduler can lower the UE's maximum data rate, if the maximum data rate has not been used in the close past or increase the data rate if the maximum has been the only data rate in use in the past.

Again a practical solution need not to strictly limit to one of the signalling alternatives but it can be a combination of different methods described above. Naturally there are some dependencies between the information to be signalled and the method with which the signalling is carried out. E.g. implicit signalling cannot inform the Node B with the amount of data in the UE's buffers.

2.3
R'99 Traffic Volume Measurement

It seems safe to assume that the uplink scheduling could benefit from the knowledge of how much data the UE has to send regardless of whether the information is signalled to the Node B as such or not. Hence it is useful to take a look at the traffic volume measurements specified in Rel'99 and used by the RNC for dynamic radio bearer control.

RAN WG2 specifications [2,3] define a network configurable traffic volume measurement and reporting. The UE is capable of measuring and reporting to the RNC the

· RLC Buffers Payload

· Average of RLC Buffer Payload

· Variance of RLC Buffer Payload.

The measurements are done for each radio bearer separately and they are derived from the Buffer Occupancy (BO) reports of the RLC entity. (See Annex for the definitions.) How these values are used in the RNC are not subject to 3GPP specifications but chapter 7 of 'Radio Resource Management Strategies TR' [4] gives examples on how the traffic volume measurements could be used for controlling the uplink data rates of individual transport channels and switching to and from CELL_DCH state.

2.3.1
E-DCH and R'99 Traffic Volume Measurement

When introducing scheduling signalling for E-DCH, one should remember that the R'99 traffic volume measurement will still be there for the DCHs and the results are not available in the Node B. Extending BO measurements to E-DCH(s) and reporting those to the Node B scheduler has been discussed earlier within the E-DCH SI. Whether the BO measurements would be reported per E-DCH or over all the E-DCHs has not been considered yet, nor whether the BO reports to the Node B should also contain DCH BO reports. Thus compatibility of the BO reports based E-DCH Node B scheduling with R'99 DCHs is an issue for further study.

Also one question to consider is, whether the traffic volume measurements reported to the RNC should be extended to cover E-DCH(s).

2.4
Further discussion

There are certain benefits and limitations in all the approaches in what information to use in the basis of scheduling decisions and how to signal that information from the UE to the Node B. 

· Explicitly signalling the UE's amount of data in the buffer and available transmission power to the Node B

a. This could be considered as a very flexible solution that would leave the scheduler's decisions on data rates completely implementation dependent. 

b. This approach implies a relatively large number of signalling bits to be transmitted reliably from the UE to the Node B. Also the E-DCH scheduler needs to take into account the simultaneous UL DCH transmission's bandwidth requirements. This may be difficult if the scheduler only gets data information related to E-DCH.

c. Further, deriving the data rate from the amount of data in the UE buffer may not be a trivial task as with the higher data rates the transmission buffers may tend to be either empty or full.

· Explicitly signalling the maximum data rate the UE could use to the Node B

a. This is very close to signalling the information from which the Node B could derive the maximum data rate the UE could use. The main difference is that the UE derives the maximum data rate based on any information available to it. This could be seen as extending the rules currently specified for TFC selection.

b. This approach could require a smaller number of bits to be transmitted over the air interface than signalling  

· Differentially signalling the change of maximum data rate from the UE to the Node B

a. This is generally very similar to signalling explicitly the maximum data rate. The interesting possibility of the differential signalling is to reduce the needed signalling to the bare minimum, i.e. only to one bit informing the Node B scheduler that the UE could use higher data rate than currently allowed. The benefit of this approach is the low signalling overhead.

b. If the Node B only knows that the UE could use higher data rate than the current one, the data rate ramp up from zero to a relatively high data rate may take undesirably long time. Hence it may be beneficial for the scheduler to be able to assign larger data rate changes than just one step, at least when transmitting with zero or very low data rate.

· Introducing no additional UL signalling for the Node B scheduling purposes

a. This would be the ultimate solution for signalling overhead and handling of signalling errors. No additional overhead in the uplink, no signalling equals to zero signalling error probability. The scheduler would exploit the existing TFCI and TPC signalling and use statistical methods on evaluating which UEs may be able to use higher data rates and which are not fully utilizing the current maximum. The statistical methods could be based on percentages of time each data rate has been used by each UE, tracking of TPC commands etc.

b. This approach, even though optimizing the uplink signalling overhead, may result with lowered scheduling gains and hence it alone may not be a feasible solution. However this could prove to be a feasible complementing technique helping to lower the required frequency or the number of required bits in the uplink scheduling signalling.

3
Conclusions

This document discussed of what kind of information could be signalled from the UE to the Node B scheduler, as well as the different approaches for the signalling. The solution is a tradeoff between the signalling overhead and amount of information made available for the Node B scheduler. Further discussions and studies on the following points are required before making the final selections on which solutions are adopted in the specifications

· What information should be signalled from the UE to the Node B

· Should the information signalled from the UE to the Node B be per E-DCH transport channel, a combination of all the E-DCH transport channels or a combination of all the E-DCH and DCH transport channels

· How, or in what combination the uplink signalling should take place (explicitly, differentially, implicitly)

· How to minimise the uplink signalling overhead and its susceptibility and sensitivity to signalling errors.

· How the E-DCH scheduling in the Node B can consider the coexisting DCHs

Our current understanding is that signalling the scheduling information per transport channel (as done with R'99 Traffic Volume Measurements) to the Node B may result with excessive L1 overhead and too high a flexibility requirements to the signalling to be justified. This question is of course trivial, if the maximum number of E-DCHs per UE will be set to one. Further we assume that the Node B scheduler should, in one way or another, be able to take the simultaneous DCH data rate requirements in account when scheduling the E-DCH in order to let the Node B be in control of the UE's total data rate. 
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Annex: Traffic Volume Measurement in R'99 specifications

----- Begin extract from TS25.321 v3.16.0, Chapter 8.2.2  -----

c)
Buffer Occupancy (BO):

-
the parameter Buffer Occupancy (BO) indicates for each logical channel the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. When MAC is connected to an AM RLC entity, control PDUs to be transmitted and RLC PDUs outside the RLC Tx window shall also be included in the BO. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the BO.

----- End extract from TS25.321 v3.16.0, Chapter 8.2.2  -----

----- Begin extract from TS25.321 v3.16.0  -----

11.1
Traffic volume measurement for dynamic radio bearer control

Dynamic radio bearer control is performed by RRC, based on the traffic volume measurements reported by MAC. Traffic volume information is measured in MAC layer and the results are reported from MAC layer to RRC layer.
At least every TTI, the MAC layer shall receive from each RLC entity the value of its Buffer Occupancy (BO), expressed in bytes. RRC can configure MAC to keep track of statistics (i.e. raw BO, average of BO and variance of BO) on the BO (see [7]) values of all Radio Bearers mapped onto a given transport channel. When the average or variance are requested, an averaging interval duration will also be provided.

Every time the BO values are reported to MAC, the UE shall verify whether an event was triggered or if a periodic report is required (see [7]). If reporting is required (multiple reports may be triggered in a single TTI), the MAC shall deliver to RRC the reporting quantities required for the corresponding RBs. In the case of average and variance of BO, the averaging should be performed for the interval with the configured duration ending at the time when the event was triggered.
RRC requests MAC measurement report with the primitive CMAC-Measure-REQ including following parameters.

Measurement information elements.

-
Reporting Quantity identifiers
Indicates what should be reported to RRC layer
For each RB, BO (optional), Average of BO (optional), or Variance of BO(optional)
-
Time interval to take an average or a variance (applicable when Average or Variance is Reporting Quantity)
Indicates time interval to take an average or a variance of BO
The calculation of average and variance of BO shall be based on one sample of BO per 10ms during the time interval given in this information element. All samples taken in the time interval shall have equal weight in the calculation.
MAC receives RLC PDUs with the primitive MAC-Data-REQ including following parameters.

-
Buffer Occupancy (BO)
The parameter Buffer Occupancy (BO) indicates for each logical channel the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. When MAC is connected to an AM RLC entity, control PDUs to be transmitted and RLC PDUs outside the RLC Tx window shall also be included in the BO. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the BO.

[7]
3GPP TS 25.331: "Radio Resource Control (RRC); protocol specification".
----- End extract from TS25.321 v3.16.0 -----

----- Begin extract from TS25.331 v3.16.0 -----
10.3.7.67
Traffic volume measured results list

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Traffic volume measurement results
	OP
	1 to <maxRB>
	
	

	>RB Identity
	MP
	
	RB Identity 10.3.4.16
	

	>RLC Buffers Payload
	OP
	
	Enumerated(0, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2K, 4K, 8K, 16K, 32K, 64K, 128K, 256K, 512K, 1024K)
	In bytes

And N Kbytes = N*1024 bytes. Twelve spare values are needed.

	>Average of RLC Buffer Payload
	OP
	
	Enumerated(0, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2K, 4K, 8K, 16K, 32K, 64K, 128K, 256K, 512K, 1024K)
	In bytes

And N Kbytes = N*1024 bytes.

Twelve spare values are needed.

	>Variance of RLC Buffer Payload
	OP
	
	Enumerated(0, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2K, 4K, 8K, 16K) 
	In bytes

And N Kbytes = N*1024 bytes.

Two spare values are needed.


----- End extract from TS25.331 v3.16.0 -----






























































































































































































































