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1 Introduction

For 1.28Mcps TDD Enhanced Uplink, the following physical channels have been introduced:

· E-PUCH (uplink carrying E-DCH and E-UCCH)
· E-RUCCH (uplink)
· E-AGCH (downlink)
· E-HICH (downlink)
As for the uplink physical channels, the transmit power should be controlled so that data throughput can be maximized while the uplink interference can be controlled according to system design. For the downlink physical channels, such as E-AGCH and E-HICH, the quality of transmission should be guaranteed, which also needs power control.
Hence, power control mechanisms for the physical channels mentioned above is proposed below, and the text proposals for TR25.827 are attached.
2 E-PUCH
The basic principle of our proposed power control method for E-PUCH follows that used for DPCH/PUSCH in R4/5/6[1][2], i.e., the combination of open-loop power control and traditional closed-loop power control:
· the initial transmit power of E-PUCH is set based on an open-loop power control scheme, then

· the transmission power control transits into closed-loop power control using TPC commands carried on E-AGCH for the scheduled transmission (for the non-scheduled transmission, the method to carry TPC commands is FFS).

However, E-TFC selection is done in UE for Enhanced Uplink. After the reception of a Grant from the Node-B, UE will select an appropriate E-TFC according to the designed E-TFC selection scheme. So, when the Node-B grants a resource Grant to the UE, it actually does not know which E-TFC will be eventually selected by the UE. For this reason, a reference Desired RX power is introduced for E-PUCH open-loop power control which is different from Desired DPCH RX power in R4/5/6.
It is also proposed that a new set of beta factors should be adopted within the specifications to provide the necessary granularity of power adjustment between E-TFC’s. These would be analogous to the (ed values for FDD E-DCH. 
In FDD, the E-AGCH signals the allowable E-DPDCH/DPCCH ratio. Due to the lack of a continuous DPCCH-like signal in TDD, one option for the TDD E-AGCH is to signal a granted E-DCH power level (PRRI) relative to some other base quantity known to the UE (
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 proposed below). 

In order to keep as much commonality with HCR TDD, the transmit power expression for E-DCH set in the UE is similar to that in HCR TDD, but the meaning is different:
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… where:

· 
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is the transmit power of the E-DCH physical channel E-PUCH.
· 
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is a closed-loop quantity stored in the UE and which is increased or decreased upon each reception of a TPC command on E-AGCH for the scheduled transmission; as for the non-scheduled transmission, TPC command can be used too, and the method to carry TPC is FFS. 
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can be expressed as follows when closed-loop power control is used:
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…where, [image: image7.wmf]base

des

PRX

_

 is the reference Desired E-PUCH RX power signalled by RRC signalling, 
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is the power control step size configured by higher layers, and 
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 is the closed-loop power control command.

Note that, when setting the initial transmit power for E-PUCH or following an extended pause in the reception of TPC commands on E-AGCH, the UE shall set [image: image10.wmf]base
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 , which means open-loop power control is used. 
When receipt of TPC commands on E-AGCH recommences, the TPC commands shall be used to modify[image: image12.wmf]base
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 from its previously set value.
· [image: image13.wmf]L

 is a path loss term derived from beacon function physical channels. According to [1], if indicated as allowed by higher layers, the UE may optionally take into account path loss estimated from beacon function physical channels in addition to the TPC commands when calculating the transmit power.
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is the normalized gain factor for the selected E-TFC transport block size, the allocated E-PUCH physical resources, and the Modulation type.  
· 
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 is the E-PUCH constant value configured by higher layer signalling, which is related to the QoS requirement of MAC-d flows transmitted on E-DCH.
Higher layers in the UE shall use the current calculated E-PUCH power in conjunction with the current absolute grant (power) value in order to determine the set of E-TFC’s available (see [3]). The analyzing of the power control mechanism is also similar to HCR TDD (see [4]).
Upon receipt of the transmission, the Node-B would receive a signal power dependent on the actual path loss (L’) at the time of transmission:
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Because the Node-B has knowledge of [image: image17.wmf]e
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 based upon the returned E-TFC and higher layer signalling, it can normalise this received power by removing these terms:
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The Node-B can adjust [image: image20.wmf]base
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 in the UE by sending TPC commands such that 
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 hits a desired target level in the Node-B according to the system design and implementation. This target normalised received level is termed 
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. Simply, assuming convergence of the TPC loop and a symmetrically distributed error:
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Thus, the TPC commands are used to remove any open-loop error (L-L’) and optionally to compensate for interference changes (Te-base can be adjusted in-line with the uplink interference if desired although this is clearly an implementation issue for the Node-B manufacturer and for the system design target).
Importantly, by using this general method, the Node-B may then grant an E-DCH power offset value (termed Δ here, which is PRRI) to the UE which is relative to [image: image24.wmf]base
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 in the UE. This is then analogous to the E-DPDCH/DPCCH power offset grant used in FDD E-DCH.
A further important aspect of this scheme is that when the Node-B grants a Δ value to the UE via E-AGCH, it does have knowledge of the expected received power level in spite of the open-loop error. In this way, the RoT resources may be properly managed by the Node-B. This can be seen by considering the simple scenario in which a relative power offset Δ is granted to the UE. Then the received power is:
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 is the finally utilized power offset by the UE which can not be larger than 
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 clearly.
However, 
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 has been previously adjusted by the Node-B using TPC commands on E-AGCH such that equation (6) is satisfied. Hence:
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Thus, when the Node-B scheduler makes the decision to grant a power offset Δ to the UE, it has direct knowledge of the expected received power level (since it knows both 
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 and Δ prior to the grant) and so RoT resources can be effectively managed.

In summary, management of the RoT resources for TDD is achieved using both TPC commands and relative power offset Δ values in the E-AGCH in a very similar manner to FDD E-DCH. The key difference is that for TDD this is achieved in the absence of a DPCCH.

This also enables a high degree of commonality between FDD and TDD in the UE MAC-e in terms of E-TFC selection functionality, since both may be based on the Δ power offset granted and the assigned 
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 factor for each E-TFC.

2.1 Gain Factors for E-PUCH
A beta factor shall be derived by the UE as a function of:

· the selected E-TFC transport block size

· the E-PUCH resource occupation in the E-DCH TTI

· the modulation type (QPSK/16-QAM)
Higher layers shall provide a mapping function or a mapping table containing a set of reference points, which defines the relationship between the coderate of E-DCH transmission ((e) and the relative reference power per resource unit (
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 dB). The mapping function or mapping table is provided separately for each of QPSK and 16-QAM modulation.

The coderate of E-DCH transmission (e for the selected E-TFC, physical resource allocation and modulation type is defined as:
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… in which Se is the transport block size of the selected E-TFC and Re is the number of physical channel bits output from the physical channel mapping stage of E-DCH transport channel processing as described in [6].

For the transport block size of the selected E-TFC, there exist several coderate R with different SF and Modulation types. So there may be two methods to define the mapping relationship between the coderate and 
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:

· the mapping function or the mapping table may cover a set of typical coderate points within the maximum and minimum values of ( signalled by higher layers for the appropriate modulation type , or 
· the mapping function or the mapping table may cover all the coderate points within the maximum and minimum values of ( signalled by higher layers for the appropriate modulation type.
As for the first method, the 
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 value associated with the calculated coderate
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 can be approximately derived with the principle of interpolation, only a simple mapping function or a small mapping table being required. However, additional operations shall be done for the interpolation computation.
With the second method, a complicated mapping function or a large mapping table is required, while less operation shall be done.
3 E-RUCCH
It is proposed that E-RUCCH is transmitted using an open-loop power control scheme similar to that used for PRACH.

Following the general procedure of [2] for PRACH, the power of the E-RUCCH would be set as follows:

PE-RUCCH = LPCCPCH + PRXE-RUCCHdes + (iUpPCH-1) * Pwrramp                     (9)
… where:

· LPCCPCH is a path loss estimate based on beacon function physical channels

· PRXE-RUCCHdes: Desired E-RUCCH RX power at the cell's receiver in dBm signalled to the UE by the network in the FPACH response to the UE's successful SYNC_UL transmission.

· i is the number of transmission attempts on UpPCH, i=1…Max SYNC_UL Transmissions.
· iUpPCH is the final value of i.

· Pwrramp: The UE shall increase its transmission power by the value of the IE "Power Ramp step" by every UpPCH transmission. Its value is signalled in the IE "SYNC UL info" in System Information Block type 5 and System Information Block type 6 or is signalled to the UE in the IE "Uplink Timing Advance Control" contained in a protocol message triggering a hard handover or a transition from cell FACH state to cell DCH state.
4 E-AGCH
It is suggested that the initial power of E-AGCH is set by Node-B, then can be adjusted using TPC commands from the UE carried on E-DCH transmissions (on the E-PUCH physical channel).  This is similar in nature to HS-SCCH power control for TDD in which TPC commands are carried from the UE on the HS-SICH. 
A maximum transmit power and a minimum transmit power is set by UTRAN, the transmit power of E-AGCH can not exceed this range.

The TDD HS-SCCH incorporates a cyclic sequence number (HCSN) to facilitate outer-loop control of the channel quality in the UE.

It is proposed that power control for the E-AGCH follows this same principle and as such the E-AGCH would include a cyclic sequence number (ECSN field) which shall be set to zero initially and shall be increased by the Node-B each time E-AGCH is transmitted.  

5 E-HICH
Considering the structure of E-HICH mentioned in [5], several HARQ acknowledgement indicator sequences may be multiplexed onto one E-HICH. The essential principle of E-HICH power control is: the power of the E-HICH and the powers of the constituent HARQ acknowledgement indicator sequences carried by E-HICH are under the control of the Node B.
6 Conclusion
Methods of power control for the various TDD E-DCH physical channels have been proposed. Text proposals for TR 25.827 are attached, and methods of synchronization control for E-PUCH and E-RUCCH are also covered. RAN WG1 is requested to endorse the text proposal.
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11
Physical Layer Procedures

11.1 Power control

11.1.1 E-PUCH

The basic principle of our proposed power control method of E-PUCH follows that used for DPCH/PUSCH in R4/5/6[4]

 REF _Ref140484315 \r \h 
[5], i.e., the combination of open-loop power control and tranditional closed-loop power control:

· the initial transmit power of E-PUCH is set based on an open-loop power control scheme, then

· the transmission power control transits into closed-loop power control using TPC commands carried on E-AGCH for the scheduled transmission (for the non-scheduled transmission, the method to carry TPC command is FFS).
A reference Desired RX power is introduced for E-PUCH open-loop power control which is different from Desired DPCH RX power in R4/5/6.
A new set of beta factors is adopted within the specifications to provide the necessary granularity of power adjustment between E-TFC’s. 

The transmit power for E-DCH set in the UE is calculated as follows:
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… where:

· 
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is the transmit power of the E-DCH physical channel E-PUCH.

· 
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is a closed-loop quantity stored in the UE and which is incremented or decremented upon each reception of a TPC command carried on E-AGCH while for the non-scheduled transmission the method to carry TPC command is FFS. The TPC step size is configured by higher layers. 
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can be expressed as follows when closed-loop power control is used:
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…where, [image: image42.wmf]base
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 is the reference Desired E-PUCH RX power signalled by RRC signalling, 
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is the power control step size configured by higher layers, and 
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 is a closed-loop control command.

Note that, when setting the initial transmit power for E-PUCH or following an extended pause in the reception of TPC commands on E-AGCH, the UE shall set [image: image45.wmf]base
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, which means open-loop power control is used. 
When receipt of TPC commands on E-AGCH recommences, the TPC commands shall be used to modify[image: image47.wmf]base
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 from its previously set value.
· [image: image48.wmf]L

 is a pathloss term derived from beacon function physical channels. According to[4], if indicated as allowed by higher layers, the UE may optionally take into account pathloss estimated from beacon function physical channels in addition to the TPC commands when calculating the transmit power.
· [image: image49.wmf]e

b

is the normalized gain factor for the selected E-TFC transport block size, the allocated E-PUCH physical resources, and the Modulation type.
· 
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 is the E-PUCH constant value configured by higher layer signalling, which is related to the QoS requirement of MAC-d flows transmitted on E-DCH.
Higher layers in the UE shall use the current calculated E-PUCH power in conjunction with the current absolute grant (power) value in order to determine the set of E-TFC’s available.

11.1.1.1 Gain Factors for E-PUCH

A beta factor shall be derived by the UE as a function of:

· the selected E-TFC transport block size

· the E-PUCH resource occupation in the E-DCH TTI

· the modulation type (QPSK/16-QAM)

Higher layers shall provide a mapping function or a mapping table containing a set of reference points, which defines the relationship between the coderate of E-DCH transmission ((e) and the relative reference power per resource unit (
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 dB).  The mapping function or mapping table is provided separately for each of QPSK and 16-QAM modulation.

The coderate of E-DCH transmission (e for the selected E-TFC, physical resource allocation and modulation type is defined as:
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… in which Se is the transport block size of the selected E-TFC and Re is the number of physical channel bits output from the physical channel mapping stage of E-DCH transport channel processing as described in[3].

For the transport block size of the selected E-TFC, there exist several coderate R with different SF and Modulation types. So there may be several methods to define the mapping relationship between the coderate and 
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, and the detail is FFS.
11.1.2 E-RUCCH

It is proposed that E-RUCCH is transmitted using an open-loop power control scheme similar to that used for PRACH[5]
.

Following the general procedure for PRACH, the power of the E-RUCCH would be set as follows:

PE-RUCCH = LPCCPCH + PRXE-RUCCHdes + (iUpPCH-1) * Pwrramp                     (9)
… where:

· LPCCPCH is a pathloss estimate based on beacon function physical channels

· PRXE-RUCCHdes: Desired E-RUCCH RX power at the cell's receiver in dBm signalled to the UE by the network in the FPACH response to the UE's successful SYNC_UL transmission.

· i is the number of transmission attempts on UpPCH, i=1…Max SYNC_UL Transmissions.
· iUpPCH is the final value of i.

· Pwrramp: The UE shall increase its transmission power by the value of the IE "Power Ramp step" by every UpPCH transmission. Its value is signalled in the IE "SYNC UL info" in System Information Block type 5 and System Information Block type 6 or is signalled to the UE in the IE "Uplink Timing Advance Control" contained in a protocol message triggering a hard handover or a transition from cell FACH state to cell DCH state.
11.1.3 E-AGCH

It is suggested that the initial power of E-AGCH is set by Node-B, then can be adjusted using TPC commands from the UE carried on E-DCH transmissions (on the E-PUCH physical channel).  This is similar in nature to HS-SCCH power control for TDD in which TPC commands are carried from the UE on the HS-SICH. 
A maximum transmit power and a minimum transmit power is set by UTRAN, the transmit power of E-AGCH can not exceed this range.

The TDD HS-SCCH incorporates a cyclic sequence number (HCSN) to facilitate outer-loop control of the channel quality in the UE.

It is proposed that power control for the E-AGCH follows this same principle and as such the E-AGCH would include a cyclic sequence number (ECSN field) which shall be set to zero initially and shall be increased by the Node-B each time E-AGCH is transmitted.
11.1.4 E-HICH

The power of the E-HICH and the powers of the constituent HARQ acknowledgement indicator sequences carried by E-HICH are under the control of the Node B.
11.2 Synchronization control

11.2.1 E-PUCH

Uplink synchronization control procedure for E-PUCH remains the same as that used for DPCH[4], using SS commands carried on E-AGCH normally; for the non-scheduled transmission, how to transfer SS commands is FFS.
11.2.2 E-RUCCH

Uplink synchronization control procedure for E-RUCCH remains the same as that used for PRACH[4].
The Node B shall measure the received SYNC-UL timing deviation UpPCHPOS. UpPCHPOS is sent in the FPACH and is represented as an 11 bit number (0-2047) being the multiple of 1/8 chips which is nearest to received position of the UpPCH.
Time of the beginning of the E-RUCCH TTX‑E-RUCCH  is given by:

TTX‑E-RUCCH = TRX-E-RUCCH –(UpPCHADV + UpPCHPOS – 8*16 TC) 
in multiple of 1/8 chips, where
TTX- E-RUCCH is the beginning time of E-RUCCH transmission with the UE’s timing, 
TRX- E-RUCCH is the beginning time of E-RUCCH reception with the UE’s timing if the E-RUCCH was a DL channel,

UpPCHADV is the timing advance of the UpPCH[4].
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