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1 Introduction
Within this document, power control for the TDD enhanced uplink channel (E-UCH) is considered.  Power control procedures are recommended and a text proposal is included for TR 25.804 [1].

This document is essentially a verbatim resubmission of R1-040993, with the exception that an editor’s note has been added to section 6.5.1 of the text proposal.
2 Review of Existing Uplink Power Control Schemes in Release 5
Current power control procedures for both dedicated and shared uplink physical differ for 3.84 Mcps TDD and 1.28 Mcps TDD.
2.1 3.84Mcps TDD
For 3.84 Mcps TDD an open-loop scheme is employed for uplink DPCH and PUSCH.  The UE power is derived based upon the following inputs (see [2]):

· Pathloss as measured on beacon transmissions (this is calculated at the UE using the PCCPCH reference power signalled to the UE via BCH and beacon RSCP measurements)

· Uplink interference level on a per timeslot basis (this is derived by the Node-B and is signalled via the BCH, the update rate is dependent upon the SIB configuration but is generally relatively slow)
· An SIR target level as signalled by the RNC (dedicated RRC signalling).  The SIR target may be derived by means of uplink error events (knowledge of these may be obtained via the CRC indicators passed to RNC via Iub or from RLC-information).  The updates are made via the “uplink physical channel control” message or via the PSCHAM shared channel allocation message.
· The spreading factor of the physical channel.  The power adjustment as a function of spreading factor is termed “gamma” (see [3]).

· The TFC selected by UE MAC.  The power adjustment as a function of TFC is termed “beta” (see [3])
Figure 1 shows the uplink system architecture for 3.84 Mcps:
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Figure 1 – Uplink power Control Architecture for 3.84Mcps TDD
2.2 1.28Mcps TDD
Traditional closed-loop TPC power control is employed for uplink DPCH and PUSCH in 1.28Mcps TDD.  The UE transmit power is based upon accumulated TPC commands sent by the Node-B on downlink dedicated or shared channels.  The SIR target for the Node-B inner loop is set by higher layers.  Note that an open-loop method may be used to set the initial transmission power before transiting into closed loop power control.
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Figure 2 - Uplink power Control Architecture for 1.28Mcps TDD
3 Requirements for Power Control of Enhanced Uplink Transmissions
Two considerations of relevance to power control operation in the enhanced uplink system are:

1. Scheduling and physical layer retransmissions may be handled by the Node-B rather than by RNC.  RNC may not have explicit knowledge of the link error statistics at MAC-e.
2. Enhanced uplink transmissions are likely to be bursty and discontinuous to accommodate interactive and background packet traffic (unlike R99 DPCH).  This burstiness may also extend to the power control feedback channels.

This leads to some initial requirements for enhanced uplink power control:

· The outer-loop must be able to respond to the link error statistics observed at Node-B

· In the presence of bursty transmissions, the inner loop should be able to cope adequately with transmission pauses and/or pauses in the power control feedback

An additional “nice-to-have” feature would be that of a common power control architecture between the two TDD modes for the enhanced uplink.
In terms of the inner loop, both TPC and open-loop methods have pros/cons:

3.84 Mcps:
Pros:

1. The open loop architecture is capable of dealing with transmission pauses well and is thus suited to the enhanced uplink
2. The open loop architecture is able to respond quickly to instantaneous pathloss changes (fast-fading) for pedestrian to medium speeds

Cons:

1. The common interference signalling via BCH is relatively slow

1.28 Mcps:
Pros:

1. Signalling of an SIR target to the UE is not required.

2. The loop is able to respond relatively quickly to per-user interference changes.

Cons:

1. The binary feedback results in a reduced channel tracking ability (the loop cannot respond to pathloss changes as well as the open-loop scheme for a given update rate).

2. The binary TPC feedback does not cope well with transmission pauses.

In terms of the outer loop, its location in the RNC may be suboptimal in the presence of Node-B (MAC-e) retransmissions.  To operate, the outer-loop would require specialised signalling information to be carried across the Iub interface to the RNC.  This would consist of enhanced uplink quality/error metric information from MAC-e which consumes Iub bandwidth.  The responsiveness of the outer-loop may also be impaired due to the Iub transfer latency and the RRC signalling latency involved in the SIR target signalling.  Additionally, if the outer-loop is located within the RNC the exact power received in the cell is out of the control of the Node-B scheduler (the RNC is in control of setting the SIR target).
It may therefore be that power control would benefit from the outer-loop being placed within the Node-B such that it may be tightly coupled to the scheduling and HARQ entities.  No ongoing signalling over Iub is required to support outer-loop operation in the Node-B although a quality target would need to be signalled from RNC to Node-B at radio link establishment.
4 Combined Open-Loop and TPC Methods for Inner-Loop Power Control
For the inner loop, a solution exists that is capable of retaining the above-listed advantages of both the open-loop and TPC methods, whilst avoiding the disadvantages associated with each in an enhanced uplink context.  The scheme is also compatible with location of the outer-loop for E-UCH in either RNC or Node-B.
The scheme is essentially an “open-loop-assisted” TPC scheme.
For the traditional TPC scheme, the loop must compensate for all SIR changes H(t) in the radio channel.  These occur due to two primary mechanisms:

· Pathloss changes (these may be large within an update interval in a fading channel):  denoted L(t)

· Interference changes:  denoted i(t)

The overall goal of the inner power control loop is to track H(t) = i(t) + L(t) {see Figure 3}.
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Figure 3
However, the UE has knowledge of the pathloss changes, L(t), by virtue of the beacon RSCP measurements and the reciprocal nature of the TDD radio channel.

As such, the burden on the TPC loop of tracking the pathloss changes L(t) may be largely avoided if compensation for L(t) is performed in the UE (in the traditional open-loop sense).  The open-loop is better at adapting to fast pathloss changes than the TPC loop for slow to medium speeds at the same loop update rate.

Thus, if the UE is able to adjust for the observed pathloss changes, the TPC loop need only adapt to:

· The interference changes i(t)

· The outer-loop adjustments

· Any residual error in the UE open loop (this will be a function of UE speed)

When open-loop assistance is enabled, the variance of the SIR seen at the receiver (SIRRx) is reduced at the input to the TPC loop due to the fact that the effects of L(t) have been “undone” by the UE.  When the open loop is effective at compensating for the pathloss changes, the loop is able to better track the observed channel than by using a TPC-only method.  The variance in received SIR achieved translates into reduced link Eb/No and UE transmit power, and capacity may be improved.

The scheme is detailed in figure 6.5.1.2:
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Figure 4 – Open-loop assisted TPC power control scheme
In Figure 4, PTPC is the power contribution of the TPC component, and Popen is the contribution of the open-loop (pathloss) component.
Thus for frame k:
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- where K is the number of frames since the power control process was started, TPCi is -1 for a “down” command and +1 for an “up” command and “step” is the magnitude of the amount added to an accumulator upon receipt of each TPC command and:
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 - where PPCCPCH is the beacon reference transmit power for the cell and RSCPbeacon is the received beacon signal level at the UE.
Accounting for the “gamma” (γSF) and “beta” (βTFC) adjustments as a function of spreading factor and transport format as in release 5, the overall transmission power is then defined as:
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 - where Q0 is a constant representing the initial value of the TPC accumulator.  This would typically be derived by the UE as a function of the interference level signalled on the BCH at the time of the start of the call or at the time of transmission following a significant pause in TPC feedback.  It would also be a function of an appropriate received SIR level for the format.

The scheme has the following properties:

· The loop is able to adapt quickly to pathloss changes observed at the UE.  The responsiveness of the loop is improved at slow to medium channel speeds when compared to a traditional TPC loop at the same update rate.

· The loop is able to adapt quickly to interference level changes via the TPC feedback.  This is likely to be quicker than the BCH SIB-based interference level feedback in the current release 5 open-loop scheme as used for 3.84Mcps TDD.

· The loop is able to cope with transmission pauses and with pauses in the TPC feedback.  The open loop component may still be updated and track pathloss changes even though the TPC feedback has paused.

· Both TDD modes may share a common power control architecture in the enhanced uplink context.
· The outer-loop responsible for setting the SIR target may reside either in the Node-B (where it may be tightly coupled to the MAC-e scheduling and H-ARQ functions) or in the RNC.  If located in the Node-B, no signalling of enhanced uplink BLER or quality is required over Iub.

· RRC signalling of an SIR target is not required as the outer-loop is closed by the TPC feedback.
Architecturally, the open-loop-assisted TPC power control scheme is as shown in Figure 5.  In this example the outer-loop is shown in the Node-B.
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Figure 5 – Architecture of the open-loop-assisted power control scheme for enhanced uplink
5 Conclusion
A method of uplink inner-loop power control has been presented that is well suited to operation within the enhanced uplink concept for TDD and which could be applied to the E-UCH.  The proposed inner-loop scheme is compatible with outer-loop operation in either the Node-B or the RNC.  The scheme is equally applicable to both TDD chip rate modes and represents a harmonised way forward for E-UCH TDD power control.
It is recommended to include the attached text proposal within the enhanced uplink TR 25.804.
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7 5.5
Uplink Power Control

In this section, existing uplink power control procedures are reviewed.  Procedures for both dedicated and shared uplink physical are different for 3.84 Mcps TDD and 1.28 Mcps TDD.

7.1.1 5.5.1
3.84 Mcps TDD

For 3.84 Mcps TDD an open-loop scheme is employed for uplink DPCH and PUSCH.  The UE power is derived based upon the following inputs (see [5]):

· Pathloss as measured on beacon transmissions (this is calculated at the UE using the PCCPCH reference power signalled to the UE via BCH and beacon RSCP measurements)

· Uplink interference level on a per timeslot basis (this is derived by the Node-B and is signalled via the BCH, the update rate is dependent upon the SIB configuration but is generally relatively slow)
· An SIR target level as signalled by the RNC (dedicated RRC signalling).  The SIR target may be derived by means of uplink error events (knowledge of these may be obtained via the CRC indicators passed to RNC via Iub or from RLC-information).  The updates are made via the “uplink physical channel control” message or via the PSCHAM shared channel allocation message.

· The spreading factor of the physical channel.  The power adjustment as a function of spreading factor is termed “gamma” (see [10]).

· The TFC selected by UE MAC.  The power adjustment as a function of TFC is termed “beta” (see [10]).

Figure 5.5.1.1 shows the uplink system architecture for 3.84 Mcps:
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Figure 5.5.1.1 – Uplink power Control Architecture for 3.84Mcps TDD

7.1.2 5.5.2
1.28 Mcps TDD

Traditional closed-loop TPC power control is employed for uplink DPCH and PUSCH in 1.28Mcps TDD.  The UE transmit power is based upon accumulated TPC commands sent by the Node-B on downlink dedicated or shared channels.  The SIR target for the Node-B inner loop is set by higher layers.  Note that an open-loop method may be used to set the initial transmission power before transiting into closed loop power control.

Figure 5.5.2.1 shows the uplink system architecture for 1.28 Mcps:
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Figure 5.5.2.1 - Uplink power Control Architecture for 1.28Mcps TDD

<<< next changed section >>>

6.5
Physical Layer Enhancements

Editor's Note: 
This section describes enhancements that are confined to the physical layer.

6.5.1 Open-Loop-Assisted TPC Power Control
Editor's Note: 
Other power control methods may be proposed under section 6.5.x.
The following relates to a power control scheme which may be suitable for use with E-UCH within an enhanced uplink system.
The scheme uses open-loop assistance to a traditional TPC scheme.
The scheme is detailed in figure 6.5.1.2.  In this example the outer-loop for E-UCH is located within the Node-B although implementation with the outer-loop in the RNC is also possible.  When located within the Node-B, the outer-loop may be tightly coupled to the MAC-e scheduling and HARQ functions.  When located within the RNC, the SIR target would be signalled to the Node-B by the RNC.
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Figure 6.5.1.2 – Open-loop-assisted TPC power control scheme

In figure 6.5.1.2, PTPC is the power contribution of the TPC component, and Popen is the contribution of the open-loop (pathloss) component.
Thus for frame k:
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- where K is the number of frames since the power control process was started, TPCi is -1 for a “down” command and +1 for an “up” command and “step” is the magnitude of the amount added to an accumulator upon receipt of each TPC command and:
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 - where PPCCPCH is the beacon reference transmit power for the cell and RSCPbeacon is the received beacon signal level at the UE.
Accounting for the “gamma” (γSF) and “beta” (βTFC) adjustments as a function of spreading factor and transport format as in the release 5, the overall transmission power is then defined as:
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- where Q0 is a constant representing the initial value of the TPC accumulator.  This would typically be derived by the UE as a function of the interference level signalled on the BCH at the time of the start of the call or at the time of transmission following a significant pause in TPC feedback.  It would also be a function of an appropriate received SIR level for the format.

The scheme has the following properties:

· The loop is able to adapt quickly to pathloss changes observed at the UE.  The responsiveness of the loop is likely to improve at slow to medium channel speeds when compared to traditional TPC loop at the same update rate.

· The loop is able to adapt quickly to interference level changes via the TPC feedback.  This is likely to be quicker than the BCH SIB-based interference level feedback in the current release 5 open-loop scheme as used for 3.84Mcps TDD.

· The loop comprises mechanisms that may assist with power control during uplink transmission pauses and during pauses in the TPC feedback.  The open loop component may still be updated and track pathloss changes even though the TPC feedback has paused.

· Both TDD modes may share a common power control architecture in the enhanced uplink context.

· The outer-loop responsible for setting the SIR target may reside either in the Node-B (where it may be tightly coupled to the MAC-e scheduling and H-ARQ functions) or in the RNC.  If located in the Node-B, no signalling of enhanced uplink BLER or quality is required over Iub.

· RRC signalling of an SIR target is not required as the outer-loop is closed by the TPC feedback.

Architecturally, the open-loop-assisted TPC power control scheme is as shown in figure 6.5.1.3.  In this example the outer-loop is shown in the Node-B although the SIR target could be signalled to the Node-B by the RNC.
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Figure 6.5.1.3 – Architecture of the open-loop-assisted power control scheme for enhanced uplink
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