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3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [2] and the following apply:

Active Process: HARQ process for which the UE is allowed to transmit.
Data Description Indicator (DDI): MAC-e header field used to identify the logical channel, MAC-d flow and the size of the MAC-d PDUs concatenated into a MAC-es PDU.
E-DCH: Enhanced DCH, a new dedicated transport channel type or enhancements to an existing dedicated transport channel type.
E-DCH active set: The set of cells which carry the E-DCH for one UE.

HARQ profile: One HARQ profile consists of a power offset attribute and maximum number of transmissions. 

Inactive Process: HARQ process for which the UE is not allowed to transmit.
Power offset attribute: Represents the power offset between E-DPDCH(s) and reference E-DPDCH power level for a given E-TFC. This power offset attribute is set to achieve the required QoS in this MAC-d flow when carried alone in a MAC-e PDU and subsequently in the corresponding CCTrCh of E-DCH type. Details on the mapping on Beta factors can be found in RAN WG1 specifications. The reference E-DPDCH power level for a given E-TFC is derived from the beta factor signaled to the UE for a reference E-TFC (see details in subclause 11.1).

Serving E-DCH cell: Cell from which the UE receives Absolute Grants from the Node-B scheduler. A UE has one Serving E-DCH cell.

Serving E-DCH RLS or Serving RLS: Set of cells which contains at least the Serving E-DCH cell and from which the UE can receive and combine one Relative Grant. The UE has only one Serving E-DCH RLS.

Non-serving E-DCH RLS or Non-serving RLS: Set of cells which does not contain the Serving E-DCH cell and from which the UE can receive and combine one Relative Grant. The UE can have zero, one or several Non-serving E-DCH RLS.

8.1
General Principle

The HARQ protocol has the following characteristics:

-
Stop and wait HARQ is used;

-
The HARQ is based on synchronous downlink ACK/NACKs;

-
The HARQ is based on synchronous retransmissions in the uplink:

-
The number of processes depends on the TTI: 8 processes for the 2ms TTI and 4 processes for the 10ms TTI;
-
For the 2ms TTI, only a subset of the processes may be active. For the 10ms TTI, all processes are active.
-
There will be an upper limit to the number of retransmissions. The UE decides on a maximum number of transmissions for a MAC-e PDU based on the maximum number of transmissions attribute (see subclause 11.1.1), according to the following principles: 
-
The UE selects highest maximum number of transmissions among all the considered HARQ profiles associated to the MAC-d flows in the MAC-e PDU;

-
Further optimisations such as explicit rules set by the SRNC are FFS.
· Pre-emption will not be supported by E-DCH;

· In case of TTI reconfiguration, the MAC-e HARQ processes are flushed and no special mechanism is defined to lower SDU losses.

-
Intra Node B macro-diversity and Inter Node B macro-diversity should be supported for the E-DCH with HARQ;

-
Incremental redundancy shall be supported by the specifications with Chase combining as a subcase:

-
The first transmission shall be self decodable;

-
The UTRAN configures the UE to either use the same incremental redundancy version (RV) for all transmissions, or to set the RV according to set of rules based on E-TF, Retransmission Sequence Number (RSN) and the transmission timing;

-
There shall be no need, from the H-ARQ operation point of view, to reconfigure the Node B from upper layers when moving in or out soft handover situations. However, the Node-B may be aware of the soft handover status via a soft handover indicator.
9
Node B controlled scheduling

9.1
General Principle

The Node B controlled scheduling is based on uplink and downlink control together with a set of rules on how the UE shall behave with respect to this signaling.

In the downlink, a resource indication (Scheduling Grant) is required to indicate to the UE the maximum amount of uplink resources it may use. When issuing Scheduling Grants, the Node B may use QoS-related information provided by the SRNC (see subclause 11.1.1) and from the UE in Scheduling Requests (see subclause 9.3.1)

The Scheduling Grants have the following characteristics:

-
Scheduling Grants are only to be used for the E-DCH TFC selection algorithm (i.e. they do not to influence the TFC selection for the DCHs);

-
Scheduling Grants control the maximum allowed E-DPDCH/DPCCH power ratio of the active processes. For the inactive processes, the power ratio is 0 and the UE is not allowed to transmit;

-
All grants are deterministic;

-
Scheduling Grants can be sent once per TTI or slower;

-
There are two types of grants:

-
The Absolute Grants provide an absolute limitation of the maximum amount of UL resources the UE may use;

-
The Relative Grants increase or decrease the resource limitation compared to the previously used value;

-
Absolute Grants are sent by the Serving E-DCH cell:

-
They are valid for one UE, for a group of UEs or for all UEs;

-
They can have an associated duration (FFS);

-
The Absolute Grant contains:

· the identity (E-RNTI) of the UE (or group of UEs) for which the grant is intended;
· the maximum power ratio the UE is allowed to use.
· 
-
Group identities or dedicated identities are not distinguished by the UE (i.e. the UE behaviour is exactly the same). It is up to the UTRAN to allocate the same identity to a group of UEs;

-
One identity (E-RNTI) is allocated to a UE at a time. The allocation is done by the Node-B and sent by the SRNC in RRC.

-
The identity consists of 16 bits (16 bits CRC at layer 1);



-
Relative Grants (updates) are sent by the Serving and Non-Serving Node-Bs as a complement to Absolute Grants:

· The UE behaviour is exactly the same for Relative Grants for one UE, for a group of UEs and for all UEs;
-
The Relative Grant from the Serving E-DCH RLS can take one of the three values: “UP”, “HOLD” or “DOWN”;

-
The Relative Grant from the Non-serving E-DCH RLS can take one of the two values: “HOLD” or “DOWN”. The “HOLD” command is sent as DTX. The “DOWN” command corresponds to an “overload indicator”;

-
For each UE, the non-serving Node-B operation is as follows:

-
If the Node-B could not decode the E-DPCCH/E-DPDCH for the last n1 TTIs (where n1 is TBD) because of processing issue, it shall notify the SRNC;

-
The non-serving Node-B is allowed to send a “DOWN” command only for RoT reasons (maximum allocated uplink RoT in the cell is exceeded) and not because of lack of internal processing resources.

9.2
UE scheduling operation

9.2.1
Grants from the Serving RLS

The UE shall be able to receive Absolute Grant from the Serving E-DCH cell and Relative Grant from the Serving E-DCH RLS. 

Two UE scheduling mode of operation are defined (“RG” based and “Non RG” based).

If E-RGCH physical channels are allocated for the cells of the Serving E-DCH RLS, the UE shall follow the “RG” based mode of operation and handle the Grant from the Serving E-DCH RLS as follows:

-
The UE maintains a “Serving Grant” (SG) ;

-
The SG is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the active HARQ processes;

-
The SG is updated according to the following algorithm, regardless of the transmission/retransmission status of the HARQ process. The SG is not used for the E-TFC selection algorithm if the HARQ process is in retransmission;
-
When receiving an “Absolute Grant” on the E-AGCH of the serving E-DCH cell,
 SG is set to the received value.

-
If no “Absolute Grant” is received by the UE, then the UE shall follow the “Relative Grant” of the Serving E-DCH RLS:

-
A Serving Relative Grant is interpreted relative to the UE power ratio in the previous TTI for the same hybrid ARQ process as the transmission which the Relative Grant will affect (see figure 9.2.1-1);
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Figure 9.2.1-1: Timing relation for Relative Grant

-
When the UE receives an “UP” from Serving E-DCH RLS:

-
New SG = Last used power ratio + Delta;

-
When the UE receives a “DOWN” from Serving E-DCH RLS:

-
New SG = Last used power ratio – Delta;

-When the UE receives a “HOLD” (i.e. DTX) from the Serving E-DCH RLS:

- 
SG remains unchanged

If no E-RGCH physical channels are allocated for the cells of the Serving E-DCH RLS, the UE shall follow the “Non RG” based mode of operation and handle the grants from the Serving E-DCH RLS as follows:

-
The UE maintains a “Serving Grant” (SG);

-
The SG is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the active HARQ process;

-
The UE sets the “MAX Serving Grant” (MAX SG) to the last received “Absolute Grant” (AG) for all processes when the UE is not in the hysteresis period;

-
The UE sets the “MAX Serving Grant” (MAX SG) to the minimum of “Current MAX SG” and “the last received Absolute Grant (AG)” when the UE is in the hysteresis period;

- 
If the UE has data to transmit and the SG is below the MAX SG, the SG is increased over time by configurable steps (autonomous ramp-up) until SG is equal to MAX SG;

-
If the SG is above the MAX SG (due to reception of a new AG lowering the MAX SG), then the SG is immediately set equal to MAX SG;

-
If the UE transmitted at a given power ratio below the current SG for more than n TTIs (where n is a configurable parameter that can be set to an infinite value), then the SG is set equal to this given power ratio. This in effect forces the UE to use autonomous ramp-up after some continuous activity below SG.

9.2.2
Grants from the Non-serving RLS

Node-B from the Non-serving E-DCH RLS will only send Relative Grants to the UE. The UE shall handle the RG from the Non-serving E-DCH RLS as follows:

-
When the UE receives a “DOWN” from at least one Non-serving E-DCH RLS:


-
For the “RG” mode of operation: new SG = Last used power ratio  – Delta;

-
For the “Non RG” mode of operation: new MAX SG = MAX SG – Delta; 

-
The Delta may be dependant on the bit rate;

-
The option to use a calculated offset is FFS (e.g. the offset may be function of the measured CPICH power on the overloaded cells in relation to the measured CPICH power on the serving cell);

-
Stability may be obtained via a configurable hysteresis after “DOWN” commands are received. Details are FFS.

-
When the UE does not receive a “DOWN” from any Non-serving E-DCH RLSs;

-
The UE shall follow the Serving E-DCH RLS’s Scheduling Grants.

9.2.3
Reception of Grants from both the Serving and Non-serving RLS

In the case of a UE receiving grants from both the Serving and Non-Serving RLS, the UE behaviour is the following:

-
When the UE receives a scheduling grant from the Serving E-DCH RLS and a "DOWN" command from at least one Non-Serving E-DCH RLS:


-
For the "RG" mode of operation: new SG is set to the minimum between the Last used power ratio minus Delta and the received AG/RG from serving RLS;
-
For the "non-RG" mode of operation: new MAX SG is set to the minimum between MAX-SG minus Delta and the received AG/RG from serving RLS.
11.1.1
QoS configuration principles

RAB attributes are available in the SRNC according to R'99 principles. To enable QoS control for the E-DCH, QoS-related information is made available in the UE and in the Node B as outlined below.

To the UE, the following QoS-related information is provided from the SRNC to enable QoS-based E-TFC selection, multiplexing of logical channels in MAC-e PDUs, and HARQ operation:

· Logical channel priority for each logical channel (as in Rel-5);

· Mapping between logical channel(s) and MAC-d flow(s) (as in Rel-5);

· Allowed MAC-d flow combinations in one MAC-e PDU;

· Reference power offset for a pre-defined E-TFC. The UE then calculates reference power offsets for its other E-TFCs [FFS, RAN WG1 confirmation needed] so that the quality (protection of MAC-e PDU) when using any of the E-TFCs is identical to that of the reference E-TFC;

· HARQ profile per MAC-d flow. One HARQ profile consists of a power offset attribute and a maximum number of transmissions attribute. The power offset attribute is used in E-TFC selection to regulate the BLER operating point for the transmission. The maximum number of transmissions attribute is used in the HARQ operation to regulate maximal latency and residual BLER of MAC-d flows.

· The non-scheduled granted bit rate (only for MAC-d flows that are configured for non-scheduled transmission).

· For the 2ms TTI, a process activation bitstring defines for each process whether it is active or inactive;
To the Node B, the following QoS-related parameters are provided by the SRNC to enable scheduling and resource reservation:

· Power offset or E-TFC (FFS) that corresponds to the guaranteed bit rate (only for MAC-d flows /logical channels that carry guaranteed bit rate services). For scheduled transmission, it is used to allocate grants to UEs. For non-scheduled transmission, it is used for the Node B to reserve sufficient amount of resources. The need for additional mechanisms to optimize the Node-B hardware is FFS (e.g. the UE may tell the Node-B ahead that an non-scheduled transmission is coming);

· For the 2ms TTI, a process activation bitstring defines for each process whether it is active or inactive.
12.2
Downlink signalling parameters

With RRC signalling, the UE will in addition be informed about:

-
The E-HICH configuration

-
Including signature sequence number and channelisation code;

-
The E-RGCH configuration

-
Including signature sequence number, channelisation code and Serving/Non-serving E-DCH RLS ID;

-
The E-AGCH configuration

-
Including E-RNTI and channelisation code;

-
The E-DPCCH configuration

-
Including E-DPCCH/DPCCH Power Offset;

-
The E-DPDCH configuration:

-
A number (how many is TBD) of tables are defined by the standard, each defining a set of E-TFC (or E-TFCS). A UE is allocated one and only one E-TFCS table by RRC. 

-
For each E-TFC a (nominal) beta factor is calculated based on reference power offset signalled for reference E-TFCs by RRC (number of reference E-TFCs is FFS);

-
HARQ Incemental Redundancy Version configuration. Always use RV=0 or use the RV table;

-
Maximum number of E-DPDCH channelisation code;

-
Minimum SF;

-
It is FFS whether in addition puncturing limits will need to be signalled by RRC or not;

-
E-DCH Scheduling Information parameters:

-
For the 2ms TTI, a process activation bitstring defines for each process whether it is active or inactive;.
-
Logical channels for which Scheduling Information is expected to be reported by the UE;

-
Period for sending Scheduling Information (applicable when no Scheduling Grant has been received);

-
Period for sending Scheduling Information (applicable once a Scheduling Grant has been received) ;

-
Power offset to use when sending Scheduling Information alone;

-
Threshold (in TTIs) used by the UE when evaluating the time needed to completely empty its buffers. Used as a conditions for setting the ‘happy’ bit in E_DPCCH.

RRC will signal the mapping between logical channel, MAC-d PDU size, MAC-d flow ID and Data Description Indicator (see clause 7).

RRC will signal for each MACd-flow, the MAC-d flow specific power offset, the maximum number of transmissions, and the multiplexing list (indicating with which other MAC-d flows, MAC-d PDU’s of this flow can be multiplexed in the same MAC-e PDU).
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