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1. Introduction

In [1], RAN2 received LS on UE procedure for TFC selection. In the LS, RAN1 asks RAN2 to discuss UE behaviour on TFC selection with HS-DPCCH on MAC specification. This document discusses the issue further from RAN2 point of view.

2. Brief summary on R99 behaviour when UE reaches max power 
UE behaviour when UE reaches maximum allowed value consists of short-term behaviour and long-term behaviour. Here we explain short-term behaviour and long-term behaviour very briefly but discussion focus on long-term behaviour. Short-term behaviour is described in TS25.214. Long-term behaviour is TFC selection and described in TS25.321 and TS25.133. Although short-term behaviour works to prevent that the UE transmission power is higher than allowed value, only short-term behaviour does not solve a UL coverage problem, such as high pathloss (UE at the cell border) or big fading dips. Two behaviours can be summarized in Table 1.

Table 1. Comparison of short-term behaviour and long-term behaviour

	
	Short-term behaviour
	Long-term behaviour (Transport format combination selection)

	Description
	Section 5.1.2.6 of TS25.214
	Section 11.4 of TS25.321

Section 6.4 of TS25.133

	Explanation of the behaviour
	When UE detect total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, this behaviour is processed before transmission in order to ensure not to transmit higher power than allowed value.

In R99, change of the power is the boundary of DPCCH.

In Rel 5, change of the power is every slot boundary of DPCCH. The power scaling is carried out including HS-DPCCH.

 
	The UE transmit power estimation for a given TFC is made using the UE transmitted power measured over one slot. 

The UE shall consider the Elimination criterion for a given TFC to be detected if the estimated UE transmit power needed for this TFC is greater than the Maximum UE transmitter power for at least 15 out of the last 30 successive measurement periods immediately preceding evaluation. 

The UE shall consider the Recovery criterion for a given TFC to be detected if the estimated UE transmit power needed for this TFC has not been greater than the Maximum UE transmitter power for the last 30 successive measurement periods immediately preceding evaluation. 

The evaluation of the Elimination criterion and the Recovery criterion shall be performed at least once per radio frame.

The UE may remove from the set of valid TFCs, TFCs in Excess-power state in order to maintain the quality of service for sensitive applications (e.g. speech). However, this shall not apply to TFCs included in the minimum set of TFCs



	Power ratio between DPCCH and DPDCH
	Constant after this behaviour
	Bit rate over DPDCH is gradually reducing by this process when required transmission power increases. As result, DPCCH has getting higher ratio in total transmission power.

	Power ratio between DPCCH and HS-DPCCH
	Constant after this behaviour
	This is the point we discuss.


3. Comparison of different power estimation methods with HS-DPCCH
The UE transmit power estimation for a given TFC is made using the UE transmitted power measured over one slot. There could be at least three estimation methods when HS-DPCCH transmission is taken into account:

· Always HS-DPCCH method,

· Never HS-DPCCH method and 

· Actual transmission based method.  

RAN4 is going to specify actual transmission based method. Now they have a discussion on wording to reflect this. RAN1 also agreed actual transmission based method. The reason is actual transmission based method could reduce the DL throughput loss for HSDPA because the UE which are often scheduled have good HS-DPCCH performance and the UE which are seldom scheduled have less good HS-DPCCH performance.

The explanation of the methods is given in the following. 

Always HS-DPCCH method - When power estimation for a given TFC is made, HS-DPCCH transmission is always assumed to be transmitted although Ack/Nack or CQI is not transmitted when UE transmitted power is measured. In this method, after long-term behaviour (TFC selection), the power for transmitting HS-DPCCH is always reserved. This method reduces UL coverage of DPDCH of the UE relative to the  R99 case (HSDPA is not activated) because power allocation for HS-DPCCH is fixed. Among three methods listed here, this method reduces DPDCH power most and hence HS-DPCCH has higher priority than DPDCH.

Never HS-DPCCH method - When power estimation for a given TFC is made, HS-DPCCH transmission is never assumed to be transmitted although Ack/Nack or CQI is transmitted when UE transmitted power is measured. In this method, after long-term behaviour (TFC selection), the power for transmitting HS-DPCCH is not reserved. This method does not reduce UL coverage of DPDCH of the UE  relative to the  R99 case because full power can be allocated for DPDCH when HS-DPCCH transmission is not activated. The obvious demerit is the power for HS-DPCCH is not reserved. Therefore, when Ack or CQI is transmitted, only short-term behaviour works i.e. power ratio DPCCH/DPDCH/HS-DPCCH is maintained.. Among three methods listed here, this method provides the most conservative means for reserving DPDCH power and hence DPDCH has higher priority than HS-DPCCH.

Actual transmission based method - When power estimation for a given TFC is made, the power of HS-DPCCH is based on actual transmission. In this method, the scheduler behaviour and CQI reporting interval impact the UE transmit power estimation. If scheduler assigns transmission opportunities often to this UEduring last 30 successive slots (here, we assumed no modification of the evaluation time), long-term behaviour (TFC selection) reduces the power for DPDCH. The probability of reducing the DPCH transmission power when an HS-DPCCH transmission occurs is small if HS-DPCCH transmission occurs often and the probability of reducing the DPCH transmission power when an HS-DPCCH transmission occurs is large if HS-DPCCH transmission occurs seldom. This method is similar to "always HS-DPCCH method" when HS-DSCH allocation to the UE is frequent and measurement report cycle for the CQI is small. This method is similar to "never HS-DPCCH method" when HS-DSCH  allocation to the UE is not frequent and measurement report cycle for the CQI is large. 

3. Reserving DPDCH power for minimum set of TFCs
Rel5 UE behaviour

As RAN1 and RAN4 consider actual transmission based method, the reservation of DPDCH power is not conservative if HS-DPCCH transmission is frequent, i.e. if HS-DSCH is frequently allocated to a particular UE. This would negatively influence UEs ability to transmit DCCH packets or minimum rate voice service. 

Therefore, establishing priority between channels is essential  once the set of TFCs has been reduced to the minimum set of TFCs. If UE transmits HS-DPCCH incase the set of TFCs has been reduced to the minimum set of TFCs, the power for minimum set of TFCs cannot be reserved. Therefore we propose not to transmit Ack/Nack or CQI when remaining TFCs are only TFCs included in the minimum set of TFCs. Stopping HS-DPCCH transmission could reserve the power for DCCH transmission or minimum rate voice service. 

To stop HS-DPCCH when the set of TFCs is reduced to the minimum set of TFCs would require that following priorities are allocated to UE's uplink power:

Highest priority: Minimum sets of TFCs for DPDCH

Second priority: HS-DPCCH

Third priority: The other TFCs for DPDCH

Rel99 UE behaviour

It should be noted that the difference between second priority and third priority as defined for UE power allocation exists only when HSDPA transmission is enabled. Therefore, for Rel99 UEs the behaviour described above is reduced to current TFC selection algorithm. 
Network behaviour

Node B scheduler doesn't know whether UE reaches maximum power or remaining TFCs are only TFCs included in the minimum set of TFCs. So the scheduler might try to allocate this UE although HARQ-Ack/CQI  might not be transmittedreliably. In this case, some downlink radio resources are wasted. To prevent this operation, current measurement of "UE transmitted power" as specified in TS 25.331 could be used by event based or timer based. This signalling could be used for RNC to establish the tendency of the behaviour of TFC selection although exact TFC selection behaviour is not known. Then RNC can order Node B to remove this UE from scheduling list.

It should be noted that the control of UE behaviour from the network side should be such that the allocation of transmission opportunities to the UE is reduced whenever it is anticipated that UE’s transmission power will be lacking. UE behaviour to stop HS-DPCCH transmission when set of TFCs are reduced to the minimum set can be thought of as an emergency handling to preserve DPDCH power allocation in case network-initiated signalling cannot stop HSDPA configuration. 

4. Conclusion

In this document, we discussed following items relating to TFC selection control algorithm when HSDPA is enabled.

· R99 behaviour when UE reaches max power,

· Comparison of different power estimation for TFC set selection method with HS-DPCCH and

· Reserving DPDCH power for a minimum set of TFCs.

We have shown that HS-DPCCH transmission has to be stopped once the set of TFCs have ben reduced to the minimum set of TFCs under the assumption that actual transmission based method for power estimation is adopted. 
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11.4
Transport format combination selection in UE

RRC can control the scheduling of uplink data by giving each logical channel a priority between 1 and 8, where 1 is the highest priority and 8 the lowest. TFC selection in the UE shall be done in accordance with the priorities indicated by RRC. Logical channels have absolute priority, i.e. the UE shall maximise the transmission of higher priority data.

If the uplink TFCS configured by UTRAN follows the guidelines described in [7] the UE shall perform the TFC selection according to the rules specified below. If these guidelines are not followed then the UE behaviour is not specified.

A given TFC can be in any of the following states:

-
Supported state;

-
Excess-power state;

-
Blocked state.

TDD mode UEs in CELL_FACH state using the USCH transport channel and UEs in CELL_DCH state shall continuously monitor the state of each TFC based on its required transmit power versus the maximum UE transmit power (see [7]). The state transition criteria and the associated requirements are described in [12, 14]. The UE shall consider that the Blocking criterion is never met for TFCs included in the minimum set of TFCs (see [7]).
The following diagram illustrates the state transitions for the state of a given TFC:
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Figure 11.4.1: State transitions for the state of a given TFC

FDD Mode UEs in CELL_FACH state may estimate the channel path loss and set to excess power state all the TFCs requiring more power than the Maximum UE transmitter power (see [7]). All other TFCs shall be set to Supported state.
Every time the set of supported TFCs changes, the available bitrate shall be indicated to upper layers for each logical channel in order to facilitate the adaptation of codec data rates when codecs supporting variable-rate operation are used. The details of the computation of the available bitrate and the interaction with the application layer are not further specified.
Before selecting a TFC, i.e. at every boundary of the shortest TTI, or prior to each transmission on PRACH the set of valid TFCs shall be established. All TFCs in the set of valid TFCs shall:

1.
belong to the TFCS.

1a.
not be restricted by higher layer signalling (e.g. TFC Control, see [7]).
2.
not be in the Blocked state.

3.
be compatible with the RLC configuration.

4.
not require RLC to produce padding PDUs (see [6] for definition).

5.
not carry more bits than can be transmitted in a TTI (e.g. when compressed mode by higher layer scheduling is used and the presence of compressed frames reduces the number of bits that can be transmitted in a TTI using the Minimum SF configured).

The UE may remove from the set of valid TFCs, TFCs in Excess-power state in order to maintain the quality of service for sensitive applications (e.g. speech). However, this shall not apply to TFCs included in the minimum set of TFCs (see [7]). Additionally, if compressed frames are present within the longest configured TTI to which the next transmission belongs, the UE may remove TFCs from the set of valid TFCs in order to account for the higher power requirements.

The chosen TFC shall be selected from within the set of valid TFCs and shall satisfy the following criteria in the order in which they are listed below:

1.
No other TFC shall allow the transmission of more highest priority data than the chosen TFC.

2.
No other TFC shall allow the transmission of more data from the next lower priority logical channels. Apply this criterion recursively for the remaining priority levels.

3.
No other TFC shall have a lower bit rate than the chosen TFC.

In FDD mode the above rules for TFC selection in the UE shall apply to DCH, and the same rules shall apply for TF selection on RACH and CPCH.
In 3.84 Mcps TDD mode the above rules for TFC selection in the UE shall apply to DCH and USCH.
UE shall stop HS-DPCCH transmission when remaining TFCs are only TFCs included in the minimum set of TFCs.
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