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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

At the 3GPP TSG RAN #20 meeting, the study item on “Uplink Enhancements for UTRA TDD” was approved [1].

The justification of the study item is that with the growth in IP based services, there is a burgeoning requirement for increasing the coverage and throughput and reducing the delay of the uplink. Applications that could benefit from an enhanced uplink include web browsing, video clips, multimedia messaging and other IP based applications. This study item investigates enhancements that can be applied to UTRA TDD in order to improve the performance for uplink dedicated and shared transport channels.

The study includes, but is not restricted to the following topics related to uplink enhancements for UTRA TDD in order to enhance uplink performance in general or to enhance the uplink performance for background, interactive and streaming based traffic:

· Adaptive modulation and coding

· Hybrid ARQ

· Node B controlled scheduling

· Fast allocation of dedicated and/or shared resources

· Enhancements to uplink dedicated channels

· Enhancements to uplink shared channels

· Physical layer and higher layer signalling mechanisms to support the enhancements

1
Scope

This present document details and compares proposed enhancements to the UTRA TDD uplink in terms of gains and complexity and draws conclusions on future work.
This document is the technical report for the Release 6 study item “Uplink Enhancements for UTRA TDD” [1]. The purpose of this TR is to help TSG RAN WG1 to define and describe the potential enhancements  under consideration and compare the benefits of each enhancement with earlier releases for improving the performance of the UTRA TDD uplink, along with the complexity evaluation of each technique. The scope is to either enhance uplink performance in general or to enhance the uplink performance for background, interactive and streaming based traffic.
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
2
References

The following documents contain provisions that, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TSG RAN RP-030359: "Study Item Description for Uplink Enhancements for UTRA TDD".

[2]
3GPP TS 25.123 V3.13.0 (2003-06), “Requirements for support of radio resource management (TDD)”, June 2003

[3]
TS 25.224, V5.4.0, “Physical layer procedures (TDD)”, June 2003

[4]
TS 25.321 V5.5.0 “Medium Access Control (MAC), Protocol specification, September 2003

[5]
TS 25.331, V5.5.0, "Radio Resource Control (RRC); Protocol Specification", June 2003

[6]
3GPP TR 25.942 V3.3.0 (2002-06), RF System Scenarios, June 2002.

[7]
3GPP TR 25.853 V4.0.0 (2001-03), “Delay Budget within the Access Stratum”, March 2001

[8]
ETSI TR 101 12, Universal Mobile Telecommunications System (UMTS); Selection procedures for the choice of radio transmission technologies of the UMTS (UMTS 30.03 V3.2.0)

3
Definitions, symbols and abbreviations

	E-DCH
	Enhanced DCH, a new dedicated transport channel type or enhancements to an existing dedicated transport channel type (if required by a particular proposal)

	E-DPCH
	Enhanced DPCH, a new physical channel or enhancements to the current DPCH (if required by a particular proposal)


4
Requirements

· The overall goal is to improve the coverage and throughput as well as to reduce the delay of the uplink dedicated and common transport channels.

· The focus shall be on urban, sub-urban and rural deployment scenarios. Uplink enhancements should be optimised for low-speed to medium-speed scenarios, but high-speed scenarios should also be supported.

· The study shall investigate the possibilities to enhance the uplink performance in general, with priority to streaming, interactive and background services.

· Features or group of features should demonstrate significant incremental gain, with reasonable complexity. The value added per feature should be considered in the evaluation.

· The UE and network complexity shall be minimised for a given level of system performance.

· The impact on current releases in terms of both protocol and hardware perspectives shall be taken into account.

· Enhancements shall either improve uplink performance for dedicated channels or for common channels or for both dedicated and common channels. 

· Enhancements shall improve uplink performance for at least one of the UTRA TDD modes. Provided that system performance and complexity are not unduly impacted and that an enhancement is applicable to the UTRA mode under consideration, commonality between the UTRA modes (1.28Mcps TDD, 3.84 Mcps TDD and FDD) should be maintained. Inability to support an enhancement in one TDD mode shall not preclude its consideration for the other mode.

· It shall be possible to introduce the new features in a network which has terminals from Release’99, Release 4 or Release 5.

5
Reference Techniques in Earlier 3GPP Releases


5.0

Connection State Model

A fundamental concept in WCDMA is the connection state model, illustrated in Figure 5.0.1. The connection state model enables optimization of radio and hardware resources depending on the activity level of each UE and / or the traffic type of the service provided.

Both UTRA FDD and TDD modes provide support for Dedicated Channels and as an option support the DL Shared Channel. In addition, UTRA TDD modes as an option provide support for the UL Shared Channel. Similar to the DL Shared Channels in UTRA FDD and TDD modes, support of the UL Shared Channel in UTRA TDD is indicated by the UE capability signalling.

When there is high transmission activity (in either uplink, downlink or both), the RRC connection state may be either CELL_DCH or depending on UE capabilities CELL_FACH state. The choice of state depends on a variety of factors including transmission activity level, traffic type, need for dedicated channels and implementation:

· When dedicated channels are used, the UE must be in CELL_DCH state, where power-controlled dedicated channels are established to/from the UE. In CELL_DCH state, the UE is assigned dedicated radio and hardware resources. Depending on UE capability, the UE may be allocated shared resources in addition to dedicated resources in CELL_DCH state. 

· When dedicated channels are not used, but there is transmission activity, the UE should be in CELL_FACH state, where only common channels are used. In CELL_FACH state, no dedicated hardware resources in the Node B are needed.

· When there is no transmission activity the UE should be in CELL_PCH or URA_PCH states, which enable very low UE power consumption but do not allow any data transmission. These states are not further discussed in this section.
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Figure 5.0.1: Connection states.

5.1

Allocation of Dedicated Resources
Switching between CELL_DCH and CELL_FACH is controlled by the SRNC with RRC signalling based on requests from either the network or the UE. Entering CELL_DCH implies the establishment of a DCH, which depending on UE capabilities may involve a physical layer random access procedure, NBAP and RRC signalling, and uplink and downlink physical channel synchronization.

Clearly, it is desirable to switch a UE to CELL_FACH state when there is less transmission activity in order to save network resources and to reduce the UE power consumption. Switching between CELL_DCH and CELL_FACH is especially useful in scenarios with a large number of bursty packet data users, where there is a risk that the system becomes resource limited if users temporarily not receiving/transmitting any packets are not switched to CELL_FACH. When the network decides that a DPCH is required (e.g. due to an increase in transmission activity), the UE should rapidly be switched back to CELL_DCH and a dedicated channel is established. 

5.1.1
Uplink/Downlink Synchronization

Examples for DCH radio link establishment procedures in Rel99/4/5 are illustrated in Figure 5.1.2 (unsynchronized case) and 5.1.3 (synchronized case). At time t1, downlink data arrives to the RNC and a decision to establish a DCH is taken at time t2. The decision is sent to the UE via the S-CCPCH. The UE starts to establish synchronization to the downlink DPCH at time t4 using the standardized procedures described in [3]. In case of an unsynchronized radio link establishment procedure, T3 corresponds to the S-CCPCH reception delay and the RRC procedure performance value. In case of synchronized establishment procedures, t4 would typically correspond to the designated activation time.

The downlink synchronization procedure is divided into two phases: the first phase starts when higher layers in the UE initiate physical dedicated channel establishment and lasts until 160 ms after the downlink dedicated channel is considered established by higher layers. During this time, out-of-sync shall not be reported and in-sync shall be reported using the CPHY-Sync-IND primitive if any one of the following three criteria is fulfilled.

a)
The UE estimates the burst reception quality over the previous 40 ms period to be better than a threshold Qin. This criterion shall be assumed not to be fulfilled before 40 ms of burst reception quality measurement have been collected.

b)
At least one transport block with a CRC attached is received in a TTI ending in the current frame with correct CRC.

c)
The UE detects at least one Special Burst. Special Burst detection shall be successful if the burst is detected with quality above a threshold, Qsbin, and the TFCI is decoded to be that of the Special Burst.

For dedicated physical channels configured with repetition periods, only the configured active periods shall be taken into account in the estimation. The status check also includes detection of the Special Bursts.

The second phase starts 160 ms after the downlink dedicated channel is considered established by higher layers. During this phase, both out-of-sync and in-sync are reported, depending on the situation in the UE. As the UE is not allowed to report in-sync until at least 10 ms after the start of the first synchronization phase, the interval T4 equals at least 10 ms.

The UE is allowed to transmit the uplink DPCH independent from the synchronization status of the downlink DPCH, i.e. it can start transmitting the uplink DPCH containing either Special Bursts or at least one transport block with a CRC attached as early as at time t4. Upon reception of the uplink DPCH, the Node B establishes synchronization with the UE on the uplink.

One possible criteria for the Node B to start transmitting data on the downlink DPCH is successful synchronization, such as shown as example for the case of an unsynchonized establishment procedure at time t6 in figure 5.1.2. In case of an synchronized establishment procedure, Node B would typically start transmitting data on the downlink DPCH at the designated activation time.
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Figure 5.1.2: Example for Rel99/4/5 DCH setup with unsynchronized establishment procedure and using Special Bursts
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Figure 5.1.3: Example for Rel99/4/5 DCH setup with synchronized establishment procedure

Note: the command to switch the UE between CELL_FACH and CELL_DCH may alternatively be transmitted on PDSCH depending to UE capability.

5.2
Allocation of Shared Resources
5.2.1
General

The Uplink Shared Channel in UTRA TDD allows for an arbitrated dynamic allocation of physical resources amongst UE’s requesting PUSCH resource for uplink transmission of data.

When using USCH the techniques of TFCS selection by RRC signalling and TFC selection by the UE apply to the same degree as they do for UL DCH operation – see relevant sections 5.3 and 5.4.  However, in respect of section 5.3 it is noted that the UL TFCS may be changed within the allocation message itself without the need for a Physical Channel Reconfiguration message as is required in the case of DCH.

The use of USCH does not require DCH/DPCH and as such may be operated in either Cell_DCH or Cell_FACH state.

Allocation of PUSCH resources is under the control of the CRNC.

5.2.2
Measurements used for Scheduling

The decision to allocate resource, and how much, to a UE is typically (but not exclusively) based upon traffic volume measurements (TVM) received from the UE.  In general a TVM instance may be configured by UTRAN for transport channels of type DCH or USCH.  However, when a TVM is configured in the UE by UTRAN for a transport channel of type USCH, the resulting report will be returned within a PUSCH Capacity Request message. (as opposed to within a Measurement Report message as is the case for DCH TVM).

The TVM is instantiated by UTRAN either via a measurement control message sent via dedicated signalling (configuring triggered or periodic TVM reports), or via system information broadcast.  In the case of triggered reporting, the report trigger is based upon Transport Channel Traffic Volume (TCTV).  TCTV is the aggregate traffic volume on all UL radio bearers mapped to the specific (USCH) transport channel and the TCTV trigger threshold is configurable and controllable by UTRAN.

The TVM report itself may contain instantaneous and mean RLC buffer volume in addition to RLC buffer variance.  It is reported on a per radio bearer basis.  The volume itself is expressed in bytes and is enumerated by 20 discrete values within the message within the range 0 to 1024kBytes.

UTRAN may also control whether the PUSCH Capacity Request message carries additional measurement information from UE to UTRAN including P-CCPCH RSCP and DL timeslot ISCP (although it is unlikely that the latter would be used for UL scheduling).

In addition to the aforementioned measurements it is possible that other RRC measurement reports may be used by UTRAN to assist with the scheduling process.  However, this depends on the RRC connected state in which the UE is residing, as the availability of RRC measurements from the UE is linked to the RRC state (cell_FACH / cell_DCH).  TVM reports are however available in both cell_FACH and cell_DCH state.

Regardless of RRC state, measurement information from Node-B may also be used by UTRAN to assist with the scheduling process, such as UL timeslot ISCP.

5.2.3
PUSCH Capacity Request Message

A PUSCH Capacity Request message will be triggered by the UE in the event that the configured TCTV threshold has been exceeded (reporting event 4a in [5]).  UTRAN may configure timers T310 and T311 and counter value N310 within the UE to control the persistence of PUSCH Capacity Request message transmissions in the case that no corresponding PUSCH allocation has been granted.

The message itself contains the TVM per radio bearer and may additionally carry the DSCH-RNTI UE identifier, P-CCPCH RSCP and DL timeslot ISCP measurement reports.

The PUSCH Capacity Request message may be transmitted on RACH or USCH, but not on DCH.  This is due to the message being mapped to the SHCCH logical channel which cannot be mapped to DCH (the mapping of SHCCH to transport channels is fixed and is defined in section 13.6a of [5]).  SHCCH is always terminated by the CRNC and is not extendable across Iur.  Hence the entity in control of allocation of PUSCH resources resides in the CRNC.  When the message is sent on RACH, the DSCH-RNTI is used for UE identification purposes.

5.2.4
Physical Shared Channel Allocation Message

In response to TVM reports received from the UE the CRNC may decide to allocate PUSCH resources to that UE.  Allocation of PUSCH resource is signaled to the UE via the Physical Shared Channel Allocation Message (PSCHAM) which is mapped either to SHCCH (in which case the DSCH-RNTI is used for identification purposes) or to DCCH.  The message may thus be conveyed using FACH, DCH, or DSCH.  Note that the mapping of PSCHAM to DCCH is only possible when CRNC and SRNC are coincident.

The PSCHAM allows for the fast reconfiguration of the resources available to the UE and may be thought of as a fast Physical Channel Reconfiguration message.

The message may also be used to convey the following additional information to the UE:

· DSCH resource allocation information

· UL timing advance information

· UL power control information (specifically SIR target from the outer-loop entity in RNC)

· Measurement control for P-CCPCH RSCP and DL timeslot ISCP reports from the UE carried via PUSCH Capacity Request.

If the “configuration” IE within the PSCHAM is set to “old”, then the message effectively reallocates some previously configured PUSCH resources.  If set to “new” the details of the new PUSCH resources (codes and timeslots) being allocated are extracted from the message by the UE.  

Upon receiving allocation of new PUSCH resources via the PSCHAM the UE starts to use these resources at the CFN defined by the “Allocation Activation Time” IE and for the length of time defined in frames by the “Allocation Duration” IE.  The Node-B is informed of the PUSCH allocations via the Dynamic PUSCH Assignment FP message over Iub  via a  ‘tag’ termed “PUSCH set ID”, the activation time and the duration.  The Node-B is informed of the PUSCH sets in advance using NBAP signalling.

The UE is responsible for reconfiguring the MAC-c/sh in the event that the allocation of resources causes a restriction in the allowed TFCS subset.  In such circumstances some TFC’s are made unavailable for selection by the MAC-c/sh in the UE as a direct result of the L1 resources granted by RRC.

Figure 5.2.1 illustrates the sequence of steps in an uplink transmission on PUSCH.  The UE is assumed to be in Cell-FACH state.
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Figure 5.2.1: Message sequences required for uplink transmission on PUSCH.

5.3
Uplink TFCS Management with RRC Signalling
There are following TFCS reconfiguration messages available in current specifications [5]:

· Complete reconfiguration, in which case UE shall remove a previously stored TFCS set, if it exists 

· Addition, in which case UE shall insert the new additional TFC(s) into the first available position(s) in ascending order in the TFCS.

· Removal, in which case UE shall remove the TFC indicated by “IE” TFCI from the current TFCS, and regard this position (TFCI) as vacant.

· Replace, in which case UE shall replace the TFCs indicated by “IE” TFCI and replace them with the defined new TFCs.

In addition to those, there is also Transport format combination control message defined in [5], with which the network can define certain restrictions in the earlier defined TFCS set, as described below.

· Transport Format Combination Subset in the TFC control message can be defined in the format of TFCS restriction; for downgrading the original TFCS set. There are several different formats possible. The message can define the minimum allowed TFC index in the original TFCS set. Or it can define that a certain TFC subset from the original TFCS set is either allowed or not. One possible way to define the message is to list what Transport channels have restrictions, and then list the allowed TFIs for the restricted Transport channels.  

· Transport Format Combination Subset in the TFC control message can be defined in the format of cancelling the earlier TFCS restriction; i.e. defining that the original TFCS set is valid again. 

Transport format combination control message includes activation time. The activation time defines the frame number /time at which the changes caused by the related message shall take effect. The activation time can be defined as a function of CFN, ranging between 0…255, the default being “now”. 

Transport format combination control message can also include an optional parameter of TFC control duration, which defines the period in multiples of 10 ms frames for which the defined restriction, i.e. TFC subset , is to be applied. The possible values for this are (1,2,4,8,16,24,32,48,64,128,192,256,512). 

In [5], in section 13.5, it is defined separately for each RRC procedure, what kind of delay requirements there are for UE. For TFCS control messages there are following delay requirements:

· TRANSPORT FORMAT COMBINATION CONTROL: N1 = 5. This defines the upper limit on the time required to execute modifications in UE after the reception of the RRC message has been completed. This means that after receiving the TFCS control message, the UE shall adopt the changes in the beginning of the next TTI starting after N1*10ms.

· TRANSPORT FORMAT COMBINATION CONTROL FAILURE: N2=8. This defines the number of 10 ms radio frames from end of reception of UTRAN -> UE message on UE physical layer before the transmission of the UE -> UTRAN response message must be ready to start on a transport channel with no access delay other than the TTI alignment. The UE response message transmission from the physical layer shall begin at the latest (N2*10)+TTI ms after completion of the reception of the last TTI carrying the triggering UTRAN -> UE message. When Target State is CELL_DCH, the UE response message transmission from the physical layer may be additionally delayed by the value of IE "SRB delay".
The mechanisms for TFCS management described above apply for dedicated and shared channels.  However since the CRNC has control of shared channel resources it is also possible to control TFCS for USCH via system information.  SIBs 5, 6, and 17 contain shared channel information including the definition of TFCS.  SIBs 5 and 6 are value tag controlled SIBs and are therefore likely to be updated slowly.  SIB17 is a timer based SIB which is updated regularly (every SIB_REP period [5]).  The definition of TFCS in system information for USCH allows for complete reconfiguration, addition, removal or replacement of TFCs within the TFCS. 

For dedicated channels the TFCS ID for a CCTrCH may be changed via the “Physical Channel Reconfiguration” message, whereas for shared channels this may be achieved via the “Physical Shared Channel Allocation Message” (PSCHAM).

5.4
Transport Format Combination Selection in the UE

5.4.1
Description of TFC selection method

TFC selection is a MAC function that the UE uses to select a TFC from its current TFCS whenever it has something to transmit. The TFC is selected based on the need for data rate (i.e. UE buffer contents), the currently available transmission power, the available TFCS and the UE’s capabilities. The details of the TFC selection function are covered in [2] and [4].

In UTRA TDD, UEs in CELL_DCH state and UEs in CELL_FACH state using the USCH transport channel shall continuously monitor the state of each TFC based on its required transmit power versus the maximum UE transmit power. The maximum UE transmitter power is defined in [2] as follows,


Maximum UE transmitter power = MIN(Maximum allowed UL TX Power, UE maximum transmit power)

where


Maximum allowed UL TX Power is signalled to the UE by UTRAN [5], and


UE maximum transmit power is defined by the UE power class.

The UE therefore continuously evaluates based on the Elimination, Recovery and Blocking criteria defined below, how TFCs on an uplink CCTrCH of DPCH or PUSCH type can be used for the purpose of TFC selection. The following diagram illustrates the state transitions for the state of a given TFC.


[image: image6.wmf] 

2.

 

Excess

-

power

 

state

 

Supported

 

state

 

Elimination criterion is met

 

Recovery criterion is met 

 

Blocked

 

state

 

Blocking criterion is met

 

Recovery criterion is met 

 


Figure 5.4.1: State transitions for the state of a given TFC

Before selecting a TFC, i.e. at every boundary of the shortest TTI, the set of valid TFCs shall be established. All TFCs in the set of valid TFCs shall:

1. belong to the TFCS.

2. not be in the Blocked state.

3. be compatible with the RLC configuration.

4. not require RLC to produce padding PDUs

5. not carry more bits than can be transmitted in a TTI

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).

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.

UE shall consider that the Blocking criterion is never met for TFCs included in the minimum set of TFCs (see [4]).

For 3.84 Mcps UTRA TDD, the evaluation of the Elimination, Recovery and Blocking criteria shall be performed using the estimated UE transmit power of a given CCTrCH in its associated timeslots.

For 1.28 Mcps UTRA TDD, the evaluation of the Elimination, Recovery and Blocking criteria shall be performed using the estimated UE transmit power of a given TFC. The UE transmit power estimation shall be made using the UE transmitted power measured over the measurement period and the gain factors of the corresponding TFC.

The measurement period of the UE transmitted power measurement is defined in section 9.1.2.1 of [2] as one timeslot.Table 5.4.2 below, extracted from [2], shows the specified accuracy requirements for measuring UE transmit power as a function of the current transmit power level relative to maximum output power.

Table 5.4.2: UE transmitted power absolute accuracy 

	Parameter
	Unit
	Accuracy [dB]

	
	
	PUEMAX
24dBm
	PUEMAX
21dBm

	UE transmitted power=PUEMAX
	dBm
	+1/-3
	(2

	UE transmitted power=PUEMAX-1
	dBm
	+1.5/-3.5
	(2.5

	UE transmitted power=PUEMAX-2
	dBm
	+2/-4
	(3

	UE transmitted power=PUEMAX-3
	dBm
	+2.5/-4.5
	(3.5

	PUEMAX-10(UE transmitted power<PUEMAX-3
	dBm
	+3/-5
	(4


NOTE 1:
User equipment maximum output power, PUEMAX, is the maximum output power level without tolerance defined for the power class of the UE in 3GPP TS 25.102 "UTRA (UE) TDD; Radio Transmission and Reception".

5.4.1.1
TFC selection in UE for 3.84 Mcps TDD option

In the case of a single CCTrCH or multiple CCTrCHs having mutually exclusive timeslot assignments, the UE shall consider the Elimination criterion for a given TFC of a CCTrCH to be fulfilled if for 3 successive frames the estimated UE transmit power is greater than the Maximum UE transmitter power for at least one timeslot associated with the CCTrCH in each frame. In the case of multiple CCTrCHs not having mutually exclusive timeslot assignments, if for a given CCTrCH for 3 successive frames the estimated UE transmit power is greater than the Maximum UE transmitter power for at least one timeslot associated with the CCTrCH in each frame, the UE shall consider the Elimination criterion for a given TFC to be fulfilled if the use of this TFC will cause the estimated UE transmit power to continue to be greater than the Maximum UE transmitter power in at least one timeslot associated with the CCTrCH. In the case of multi-frame operation of UL Physical Channels, the UE shall only consider active frames for the evaluation of the Elimination criterion. The MAC in the UE shall consider that the TFC is in Excess-Power state for the purpose of TFC selection.

MAC in the UE shall indicate the available bitrate for each logical channel to upper layers within Tnotify from the moment the Elimination criterion was detected.

The UE shall not consider the Recovery criterion for a given TFC to be fulfilled until the use of this TFC will not cause the estimated UE transmit power to be greater than the Maximum UE transmitter power for all UL timeslots associated with the TFC for a minimum of 3 successive frames. In the case of multi-frame operation of UL Physical Channels, the UE shall only consider active frames for the evaluation of the Recovery criterion. The MAC in the UE shall consider that the TFC is in Supported state for the purpose of TFC selection.

MAC in the UE shall indicate the available bitrate for each logical channel to upper layers within Tnotify from the moment the Recovery criterion was detected.

The UE shall consider the Blocking criterion for a given TFC to be fulfilled at the latest at the start of the longest uplink TTI after the moment at which the TFC will have been in Excess-Power state for a duration of:


(Tnotify + Tmodify+ TL1_proc)

where:


Tnotify equals 15 ms


Tmodify equals MAX(Tadapt_max,TTTI)


TL1 proc equals 35 ms


Tadapt_max equals MAX(Tadapt_1, Tadapt_2, ..., Tadapt_N)


N equals the number of logical channels that need to change rate

Tadapt_n equals the time it takes for higher layers to provide data to MAC in a new supported bitrate for logical channel n. Table 5.4.3 defines Tadapt times for different services. For services where no codec is used Tadapt shall be considered to be equal to 0 ms.

Table 5.4.3: Tadapt
	Service
	Tadapt [ms]

	UMTS AMR
	40

	UMTS AMR2
	60



TTTI equals the longest uplink TTI of the selected TFC (ms).

5.4.1.2 TFC selection in UE for 1.28 Mcps TDD option

Editor's Note:
Note that TS25.123 [2] does not yet contain requirements on the X, Y, Z criteria. Furthermore, such values are not implicitly given by the current TFC selection test case for 1.28 Mcps UTRA TDD.

The UE shall consider the Eliminiation criterion for a given TFC to be fulfilled if the estimated UE transmit power needed for this TFC is greater than the Maximum UE transmitter power for at least X out of Y successive measurement periods. The MAC in the UE shall consider that the TFC is in Excess-Power state for the purpose of TFC selection.

MAC in the UE shall indicate the available bitrate for each logical channel to upper layers within [15 ms] from the moment the Elimination criterion was fulfilled.

The UE shall consider the Recovery criterion for a given TFC to be fulfilled if the estimated UE transmit power needed for this TFC has not been greater than the Maximum UE transmitter power for at least Y successive measurement periods. The MAC in the UE shall consider that the TFC is in Supported state for the purpose of TFC selection.

MAC in the UE shall indicate the available bitrate for each logical channel to upper layers within Tnotify from the moment the Recovery criterion was fulfilled.

The UE shall consider the Blocking criterion for a given TFC to be fulfilled at the latest at the start of the longest uplink TTI after the moment at which the TFC will have been in Excess-Power state for a duration of (Tnotify + Tmodify+ TL1_proc).

where:


Tnotify equals [15] ms, and


Tmodify equals MAX(Tadapt_max,TTTI), and


TL1 proc equals 15 ms, and


Tadapt_max equals MAX(Tadapt_1, Tadapt_2, ..., Tadapt_N), and


N equals the number of logical channels that need to change rate, and

Tadapt_n equals the time it takes for higher layers to provide data to MAC in a new supported bitrate, for logical channel n. Table 5.4.4 defines Tadapt times for different services. For services where no codec is used Tadapt shall be considered to be equal to 0 ms.

Table 5.4.4: Tadapt
	Service
	Tadapt [ms]

	AMR
	40



TTTI equals the longest uplink TTI of the selected TFC (ms).

5.4.2
TFC selection method as a reference case for Enhanced Uplink

The important parameters to be included to the simulation assumptions for TFC selection method in the reference case are:

a) Accuracy of the UE transmit power estimate. See table 5.4.2 in the previous section as a reference. This will have an effect on how fast the UE moves a certain TFC to excess power state. Since the accuracy depends on the currently used transmit power level, it is noted for the purpose of general understanding, that the accuracy is thus in average worse with a bursty traffic model, in which quite often only DTX is used with Special Bursts, than with more real-time type of application in which transmission of DPCH is more continuous. Also the location in the cell will effect to the accuracy due to the same reason. It is however seen that for the sake of simplicity, it would be appropriate to define only one value for this parameter used in all simulations.

It is thus proposed that the accuracy defined for the maximum Ptx power level, (2 dB, is used in all cases, for the sake of simplicity of the simulations. This is to be modelled so that the error is lognormally distributed with zero mean and std=1.2159 dB, which has the effect of causing 90% of the errors to occur within (2 dB of the zero mean. It is noted that the accuracy requirements in [2] are also defined for 90% probability.

b) Delay between the moment when the elimination criterion is met in L1 and when the TFC is moved into blocked state. See the previous section as a reference, together with the Annex A.6A.2.1.2.1 from [2], defining the maximum delay to be Tdetect_block + Tnotify + Tmodify+ TL1_proc + Talign_TTI + Toffset. It is proposed that in the simulation assumptions the assumption is that there is no codec (e.g. AMR) involved, the rate of which should be adjusted and that the longest TTI in the selected TFC is TTTI = 10 ms = Tmodify. 

c) Delay between the moment when the recovery criterion is met and when the TFC is moved back to supported state. See the previous section as a reference, together with the Annex A.6A.2.1.2.1 from [2], defining the maximum delay to beTdetect_recovery + Tnotify + Tmodify+ TL1_proc + Talign_TTI + Toffset. It is proposed that in the simulation assumptions the assumption is that there is no codec (e.g. AMR) involved, the rate of which should be adjusted and that the longest TTI in the selected TFC is TTTI =10 ms= Tmodify. 

d) TFCS; i.e. the set of allowed user bit rates allocated to the UE. These are the bit rates that UE can use in the TFC selection algorithm. There should be enough steps in the TFCS to allow the UE to decrease the used data rate in a flexible fashion at the cell edge.

6 Overview of considered Uplink Enhancements for UTRA TDD

Editor's Note:
This section should contain subsections explaining the overall structure of the proposals under study.

6.1
Scheduling <Node B controlled scheduling, AMC>

Editor's Note:
This section should contain subsections explaining the overall structure of possible alternative scheduling schemes under study, e.g. both Node B controlled scheduling and Adaptive Modulation and Coding would go under this chapter

6.2
Hybrid ARQ
6.2.1
General

Node B controlled hybrid ARQ allows for rapid retransmissions of erroneously received data units, thus reducing the number of RLC retransmissions and the associated delays. This can improve the quality of service experienced by the end user. As a Node B controlled retransmission is less costly from a delay perspective, the physical channel can be operated with somewhat higher error probability than in Rel 5, which may result in improved system capacity. The retransmission probability for the initial transmission is preferably in the order of 10-20% when evaluating hybrid ARQ. Significantly higher retransmission probabilities may lead to considerably reduced end user throughput, while at very small retransmission probabilities the Node B controlled hybrid ARQ will not provide any additional gains compared to R99/4/5. Soft combining can further improve the performance of a Node B controlled hybrid ARQ mechanism.

Not all services may allow for retransmissions, e.g., conversational services with strict delay requirements. Hybrid ARQ is thus mainly applicable to interactive and background services and, to some extent, to streaming services.

Thus, the major targets from a performance point of view with hybrid ARQ to consider in the evaluation of uplink hybrid ARQ are

· reduced delay

· increased user and system throughput

The design of an uplink hybrid ARQ scheme should take the following aspects into account:

· Memory requirements, both in the UE and the Node B. Rapid retransmissions reduce the amount of buffer memory required in the Node B for buffering of soft bits when a retransmission has been requested. 

· Low overhead. The overhead in terms of power and number of bits required for the operation of the hybrid ARQ protocol should be low, both in uplink and downlink.

· In-sequence delivery. The RLC requires in sequence delivery of MAC-d PDUs. Note that the in sequence delivery mechanism can be located either in the Node B or the RNC, depending on the scheme considered.

· Multiplexing of multiple transport channels. Hybrid ARQ cannot be used by all transport channels and multiplexing of transport channels using hybrid ARQ and those not using hybrid ARQ needs to be considered. In the downlink, there is a separate CCTrCh carrying the HS-DSCH. Consideration is required on whether the assumption of a separate CCTrCh is desirable in the uplink scenario. In R99/4/5, up to two uplink CCTrCHs are allowed. 

· UE power limitations. The operation of the UE controlled TFC selection for R99/4/5 channels need to be taken into account in the design. In particular, UE power limitations in conjunction with activity on other transport channels with higher priority should be considered.

· Complexity. The hybrid ARQ schemes studied should minimize as much as possible the additional implementation complexity at all involved entities.

6.2.2
Transport Channel Processing

A protocol structure with multiple stop-and-wait hybrid ARQ processes can be used, similar to the scheme employed for the downlink HS-DSCH, but with appropriate modifications motivated by the differences between uplink and downlink. The use of hybrid ARQ affects multiple layers: the coding and soft combining/decoding is handled by the physical layer, while the retransmission protocol is handled by a new MAC entity located in the Node B and a corresponding entity located in the UE.

ACK/NAK signalling and retransmissions are done per uplink TTI basis. Whether multiple transport channels using hybrid ARQ are supported and whether there may be multiple transport blocks per TTI or not are to be studied further. The decision involves e.g. further discussion whether the current definition of handling logical channel priorities by the UE in the TFC selection algorithm remains as in R99/4/5 or if it is altered. It also involves a discussion on whether different priorities are allowed in the same TTI or not. The R99/4/5 specifications require a UE to maximize the transmission of highest priority logical channel in each TTI. If this rule is maintained, the delay for different logical channel priorities could be different, depending on whether the TFCS contains one or several transport channels.

Where possible it is intended to re-use functional blocks of the transport channel processing schemes available in R99/4/5. Transport blocks are coded and rate matching is used to match the number of coded bits to the number of channel bits. If multiple transport channels are multiplexed, rate matching will also be used to balance the quality requirements between the different transport channels. Note that multiplexing of several transport channels implies that the number of bits may vary between retransmissions depending on the activity, i.e., the retransmission may not necessarily consist of the same set of coded bits as the original transmission.

Incremental redundancy with multiple redundancy versions is mainly beneficial at a relatively high initial code rate. Explicit support for multiple redundancy versions, if desired, could be incorporated in the rate matching process as was done for HS-DSCH.

6.2.3
Associated Signalling

Associated control signalling required for the operation of a particular scheme consists of downlink and uplink signalling. Different proposals may have different requirements on the necessary signalling. Furthermore, the signalling structure may depend on other uplink enhancements considered.

The overhead required should be kept small in order not to waste power and code resources in the downlink and not to create unnecessary interference in the uplink. 

Downlink signalling consists of a single ACK/NAK per (uplink) TTI from the Node B. Similar to the HS-DSCH a well-defined processing time from the reception of a transport block at the Node B to the transmission of the ACK/NAK in the downlink can be used in order to avoid explicit signalling of the hybrid ARQ process number along with the ACK/NAK. The details on how to transmit the ACK/NAK are to be studied further. 
The necessary information needed by the Node B to operate the hybrid ARQ mechanism can be grouped into two different categories: information required prior to soft combining/decoding (outband signalling), and information required after successful decoding (inband signalling). Depending on the scheme considered, parts of the information might either be explicitly signaled or implicitly deduced, e.g., from CFN or SFN.

The information required prior to soft combining consists of:

· Hybrid ARQ process number.

· New data indicator. The new data indicator is used to control when the soft combining buffer should be cleared in the same way as for the HS-DSCH.

· Redundancy version. If multiple redundancy versions are supported, the redundancy version needs to be known to the Node B. The potential gains with explicit support of multiple redundancy versions should be carefully weighted against the increase in overhead due to the required signalling.

· Rate matching parameters (number of physical channel bits, transport block size). This information is required for successful decoding. In R99/4/5, there is a one-to-one mapping between the number of physical channel bits and the transport block size, given by the TFCI and attributes set by higher layer signalling. This assumption does not hold for hybrid ARQ schemes if the number of available channel bits varies between (re)transmissions, e.g., due to multiplexing with other transport channels. Hence, individual knowledge of these two quantities is required in the Node B. 

The information required after successful decoding can be sent as a MAC header. The content is similar to the MAC-hs header, e.g., information for reordering, de-multiplexing of MAC-d PDUs, etc. 

The information needed by UE necessary to operate the hybrid ARQ mechanism is either explicitly signaled by Node B, or decided by the UE itself, depending on the scheme. It is noted that whether the UE will decide the parameter values or the Node B will signal them, could affect the round trip time for HARQ retransmissions.

6.3
Fast Allocation of Dedicated or Shared Resources

6.4
Signalling

Editor's Note: 
This section shall describe the new signalling that is required to support the evaluated enhancement techniques and / or enhancements to existing signalling. 
6.5
Physical Layer Enhancements

Editor's Note: 
This section describes enhancements that are confined to the physical layer.
7
Physical Layer Structure Alternatives for Uplink Enhancements for UTRA TDD

Editor's Note:
This section is expected to contain a more detailed description of the proposed modifications to physical layer structure(s) in time and code domain that are required to support considered uplink enhancements. This section will be used as a basis for defining the simulation assumptions in the annex.

8
Evaluation of Techniques for Enhanced Uplink

Editor's Note:
In this section, the techniques that are expected to provide potential gain are evaluated in more detail, both from performance and complexity point of view. Also the backwards compatibility with the features introduced in the previous versions of the 3GPP specifications are to be considered keeping in mind the gain versus complexity issue.

8.1
Scheduling <Node B controlled scheduling, AMC>

8.1.1
Performance Evaluation

8.1.2
Complexity Evaluation <UE and UTRAN impacts>

8.1.3
Downlink Signalling

8.1.4 Uplink Signalling

8.1.5
Compatibility with earlier Releases

8.2
Hybrid ARQ 

8.2.1
Performance Evaluation

8.2.2
Complexity Evaluation <UE and UTRAN impacts>

8.2.3
Downlink Signalling

8.2.4 Uplink Signalling

8.2.5
Compatibility with earlier Releases

8.3
Fast Allocation of Dedicated or Shared Resources

8.3.1
Performance Evaluation

8.3.2
Complexity Evaluation <UE and UTRAN impacts>

8.3.3
Downlink Signalling

8.3.4 Uplink Signalling

8.3.5
Compatibility with earlier Releases

8.4

Physical Layer Enhancements

8.4.1
Performance Evaluation

8.4.2
Complexity Evaluation <UE and UTRAN impacts>

8.4.3
Downlink Signalling

8.4.4
Uplink Signalling

8.4.5
Compatibility with earlier Releases

9
Impacts to the Radio Network Protocol Architecture

Editor's Note:
Input from RAN2 is expected for this chapter

10
Impacts to L2/L3 Protocols

Editor's Note:
Input from RAN2 and RAN3 is expected for this chapter

11
Conclusions and Recommendations

Editor's Note:
This section shall contain conclusion and proposed way forward for the Enhanced UL candidate techniques investigated in this study. The conclusions will note which UTRA TDD modes the candidate proposals are applicable to and where commonalities are possible between the UTRA TDD modes.

Annex A:
Simulation Assumptions and Results

A.1
Link Simulation Assumptions

A.2
Link Simulation Results

A.3
System Simulation Assumptions

A.4
System Simulation Results

A.5
Traffic Models
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