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9.2.5.2
DL Scheduling information
This control information is used by Node-Bs in a UE's E-DCH active set in order to control its use of E-DCH system resources.
9.2.5.2.1
Relative Grants

-
Serving Relative Grant:
Transmitted on downlink on the E-RGCH from all cells in the serving E-DCH RLS, the serving relative grant allows the Node B scheduler to incrementally adjust the serving grant of UEs under its control. By definition, there can only be one serving relative grant command received at any one time. This indication can take three different values, "UP", "DOWN" or "HOLD".

-
Non-serving Relative Grant:
Transmitted on downlink on the E-RGCH from all cells in a non-serving E-DCH RL, the non-serving relative grant allows neighboring Node Bs to adjust the transmitted rate of UEs that are not under their control in order to avoid overload situations. By definition, there could be multiple non-serving relative grant commands received by MAC at any time. This indication can take two different values, "DOWN" or "HOLD".
The handling of the Relative Grant signalling is based on the Scheduling Grant table shown in Table 9.2.5.2.1.1 . 

Table 9.2.5.2.1.1: Scheduling Grant Table (SG-table)
	Index
	Scheduled Grant

	37
	(168/15)2*6

	36
	(150/15)2*6

	35
	(168/15)2*4

	34
	(150/15)2*4

	33
	(134/15)2*4

	32
	(119/15)2*4

	31
	(150/15)2*2

	30
	(95/15)2*4

	29
	(168/15)2

	28
	(150/15)2

	27
	(134/15)2

	26
	(119/15)2

	25
	(106/15)2

	24
	(95/15)2

	23
	(84/15)2

	22
	(75/15)2

	21
	(67/15)2

	20
	(60/15)2

	19
	(53/15)2

	18
	(47/15)2

	17
	(42/15)2

	16
	(38/15)2

	15
	(34/15)2

	14
	(30/15)2

	13
	(27/15)2

	12
	(24/15)2

	11
	(21/15)2

	10
	(19/15)2

	9
	(17/15)2

	8
	(15/15)2

	7
	(13/15)2

	6
	(12/15)2

	5
	(11/15)2

	4
	(9/15)2

	3
	(8/15)2

	2
	(7/15)2

	1
	(6/15)2

	0
	(5/15)2


When the Serving_Grant needs to be determined due to E-RGCH signalling (see subsection 11.8.1.3.2), the UE shall: 
-
Determine the lowest power ratio in the SG-table (table 9.2.5.2.1.1) that is equal or higher to the reference_ETPR, and determine the corresponding index in the SG-table: SGLUPR.
- 
If the UE received a Serving Relative Grant “UP”, based on the thresholds “3-index-step threshold” and “2-index-step threshold” configured by higher layers, determine the Serving_Grant:
· if  SGLUPR < “3-index-step threshold”: 


Serving_Grant = SG[MIN(SGLUPR + 3 , 37)];
· if “3-index-step threshold” <= SGLUPR < “2-index-step threshold”


Serving_Grant = SG[MIN(SGLUPR + 2 , 37)];
-
if  “2-index-step threshold” <= SGLUPR 



Serving_Grant = SG[MIN(SGLUPR + 1 , 37)];
- 
If the UE received a Serving Relative Grant “DOWN”, determine the Serving_Grant:

Serving_Grant  = SG[MAX(SGLUPR -1 , 0)];
- 
If the UE received a Non-serving Relative Grant “DOWN”, determine the Serving_Grant:

Serving_Grant = SG[MAX(SGLUPR -1 , 0)];
9.2.5.2.2
Absolute Grant

The absolute grant message is sent on downlink, on the configured E-AGCH, from the serving E-DCH cell and allows the Node B scheduler to directly adjust the granted rate of UEs under its control. 
The E-AGCH is a shared channel that uses an E-RNTI specific CRC in order to address messages to specific users (see [6]). The RRC may configure the MAC-e with two different E-RNTIs, one primary and one secondary. Based on the identity that is used, the following information will be conveyed implicitly when an absolute grant message is received:

-
Grant Type:
This variable will take the value "Primary" or "Secondary" respectively based on whether the message was addressed to the primary or the secondary E-RNTI.
The absolute grant message itself includes multiple fields that are multiplexed together into [10] bits inside the MAC-e of the Node B and then submitted to the physical layer for transmission on the E-AGCH. These fields are:

-
Absolute Grant Value:
This field indicates the maximum E-DCH traffic to pilot ratio (E-DPDCH/DPCCH) that the UE is allowed to use in the next transmission. The length of the Absolute Grant Value field is [5] bits.

-
Absolute Grant Scope: 
This field indicates the applicability of the Absolute Grant. It can take two different values, "Per HARQ process" or "All HARQ processes", allowing to indicate whether the HARQ process activation/de-activation will affect one or all processes. The Absolute Grant Scope is encoded in 1 bit. When the E-DCH is configured with 10ms TTI, only the value "All HARQ process" is valid (see subclause 10). 

11.8.1.3
Serving Grant Update

UEs in CELL_DCH state, configured with an E-DCH transport channel shall maintain a Serving Grant and the list of active HARQ processes based on the absolute and relative grant commands decoded on the configured E-AGCH and E-RGCH(s).

Each Absolute Grant or Relative Grant command is applied at a specific TTI. This association is implicit based on the timing of the E-AGCH and E-RGCH (see [13]). The timing is tight enough that this relationship is un-ambiguous. 
The activation/deactivation of one or all processes is only applicable to processes for which transmission of scheduled data is allowed according to RRC signalling
Process activation of an active process does not result in any action taken by the UE.
11.8.1.3.1
Definitions

In the functions described in sub-clause 11.8.1.4 the following definitions apply:

Definitions

-
Minimum_Grant:
The value Minimum_Grant corresponds to the minimum E-DPDCH to DPCCH power ratio that the UE considers. This value is (5/15)^2.

 Parameters

-
RG_step_size:
The parameter step_size indicates the increment by which relative grants can adjust the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to use. This parameter is configured by higher layers.

State variables

-
Serving_Grant:
The state variable Serving_Grant indicates the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to use for scheduled data in the following transmission. The value in the appropriate state variable will be provided to the E-TFC selection function to help in selecting the best format for the upcoming transmission. Possible values are: “Zero_Grant” and numerical values. 
-
reference_ETPR:
The state variable reference_ETPR holds the E-DPDCH to DPCCH power ratio used as reference for relative grant commands. This variable is set to the E-DPDCH to DPCCH power ratio used for the previous TTI on this HARQ process and is obtained from the physical layer. 
-
Stored_Secondary_Grant:
This state variable is used to store the last received Secondary Absolute Grant Value. Possible values are: “Zero_Grant” and numerical values. 


-
Primary_Grant_Available:
This state variable is a Boolean, indicating whether the UE’s serving grant is only affected by Primary Absolute Grants and Relative Grants (i.e. not by Secondary Absolute Grants). 


11.8.1.3.2
Baseline Procedure

The Serving Grant Update procedure shall be applied at every TTI boundary and shall take into account the Absolute Grant message, Serving Relative Grant and non-serving Relative Grants that apply to the TTI. 
The UE shall:


1>
set reference_ETPR to the E-DPDCH to DPCCH power ratio used for the previous TTI of this HARQ process (if there was no transmission, the reference_ETPR is set to zero);




1>
if an Absolute Grant was received for this TTI:

2>
if the Grant Type is “Primary”, and the Absolute Grant value is set to "INACTIVE":

3>
if Absolute Grant Scope indicates "Per HARQ process" and a 2ms TTI is configured:

4>
de-activate this process.

3>
if Absolute Grant Scope indicates "All HARQ processes" and a secondary E-RNTI was configured by higher layers:

4>
activate all HARQ processes;






4>
set Serving_Grant = Stored_Secondary_Grant;

4>
set Primary_Grant_Available to "False".

2>

else if the Absolute Grant Value is different from "INACTIVE":


3>
if the Grant Type is "Secondary":


4>
set Stored_Secondary_Grant = Absolute Grant Value.

3>
if the Grant Type is "Primary" or Primary_Grant_Available is set to "False":







4> set Serving_Grant = Absolute Grant Value;


4>
if the Grant Type is "Primary":

5>
set Primary_Grant_Available to "True";

5>
if Absolute Grant Scope indicates "Per HARQ process":

6>
activate this process.

5>

if Absolute Grant Scope indicates "All HARQ processes":

6>
activate all HARQ processes;
4>
ignore any serving RLS E-RGCH signalling for the next HARQ RTT (40ms in case of a 10ms TTI, 16ms in case of a 2ms TTI);
1>
else  (no Absolute Grant received)


2>
if this HARQ process is active; and 

2>
if Primary_Grant_Available is equal to "True"; and

2>
if Serving_Grant <> “Zero_Grant”; and
2>

if reference_ETPR <> 0:
3>
if the Serving Relative Grant indicates "UP":
4>

determine the Serving_Grant in accordance with subsection 9.2.5.2.1;

3>

else, if the Serving Relative Grant indicates "DOWN":




4>

determine the Serving_Grant in accordance with subsection 9.2.5.2.1;

1> if any Non-serving Relative grants indicate "DOWN" for this TTI and Serving_Grant <> “Zero_Grant”:
2>

determine the Serving_Grant in accordance with subsection 9.2.5.2.1;
2>
ensure that during the next HARQ RTT (40ms in case of a 10ms TTI, 16ms in case of a 2ms TTI), the Serving_Grant will not exceed this Serving_Grant (i.e. due to E-AGCH/E-RGCH signalling the Serving_grant might be further decreased, but cannot be increased above this Serving_Grant)
11.8.1.3.3
Handling at start of E-DCH transmission

When E-DCH transmission is started (i.e. the RRC variable E_DCH_TRANSMISSION is changed from “false” to “true”), the UE shall:

· activate all HARQ processes;

· if the IE’s “Serving Grant” and “Primary/Secondary Grant Selector” are provided by higher layers: 
-
set the state variables Serving_Grant and Primary_Grant_Available to the values provided by higher layers;
-
else
-
initialise the state variable Serving_Grant to Minimum_Grant;
-
initialise the state variable Primary_Grant_Available to “False”;
· initialise the state variable Stored_Secondary_Grant to “Zero_Grant”;
· initialise the state variables reference_ETPR to “Minimum_Grant”.
11.8.1.3.4
Handling at serving cell change

At E-DCH serving cell change, the higher layers shall configure the MAC-e with the grant value to use in the new cell and shall indicate whether the UE should monitor Absolute Grant Messages with the secondary E-RNTI. 
The UE shall:

-
activate all HARQ processes;
· if the IE’s “Serving Grant” and “Primary/Secondary Grant Selector” are provided by higher layers: 

-
set the state variables Serving_Grant and Primary_Grant_Available to the values provided by higher layers;
-
else

-
continue to use the current values of state variables Serving_Grant and Primary_Grant_Available;
-
initialise the state variable Stored_Secondary_Grant to “Zero_Grant”.













11.8.1.4
E-TFC Selection

In FDD mode, the rules for E-TFC selection provided below shall apply to UEs in CELL_DCH state with an E-DCH transport channel configured. These UEs shall apply the E-TFC selection procedure when invoked by the HARQ entity (see subclause 11.8.1.1.1). In the case where a 2ms TTI is configured, E-TFC selection shall not be performed for TTIs that overlap with an uplink compressed mode gap. The E-TFC restriction procedure described in [12] shall always be applied before the E-TFC selection process below. Furthermore, for UEs that are also configured with a DCH transport channel on uplink, the TFC selection procedure shall be applied before either of these.

For each MAC-d flow, RRC configures MAC with a HARQ profile and a multiplexing list. Additionally, RRC configures MAC with a power offset for ”Control-only” transmissions. This power offset and a maximum number of HARQ transmissions of [16] will be used to define a HARQ profile for “Control-only” transmissions which will be used, in case the Scheduling Information needs to be transmitted without any higher-layer data. The HARQ profile includes the power offset and maximum number of HARQ transmissions to use for this MAC-d flow. The multiplexing list identifies for each MAC-d flow(s), the other MAC-d flows from which data can be multiplexed in a transmission that uses the power offset included in its HARQ profile.

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

RRC can allocate non-scheduled transmission grants to individual MAC-d flows in order to reduce the transmission delays. When a 2ms TTI is configured, each non-scheduled grant is applicable to the specific set of HARQ processes indicated by RRC. RRC can also restrict the set of HARQ processes to which scheduled grants are applicable when a 2ms TTI is configured.

For each configured MAC-d flow, a given E-TFC can be in any of the following states:

-
Supported state;

-
Blocked state.

At each TTI boundary, UEs in CELL_DCH state with an E-DCH transport channel configured shall determine the state of each E-TFC for every MAC-d flow configured based on its required transmit power versus the maximum UE transmit power (see [7] and [12]). The UE shall consider that E-TFCs included in the minimum set of E-TFCs are always in supported state (see [7]). 


At every TTI boundary for which a new transmission is requested by the HARQ entity (see subclause 11.8.1.1.1), the UE shall perform the operations described below. UEs configured both with DCH and E-DCH transport channels shall perform TFC selection before performing E-TFC selection.

The Serving Grant Update function provides the E-TFC selection function with the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to allocate for the upcoming transmission for scheduled data (held in the Serving Grant state variable – see subsection 11.8.1.3). 

The HARQ process ID for the upcoming transmission is determined using the following formulae:

-
For 2ms TTI:

HARQ_PROC_ID = [5*CFN + subframe number] mod HARQ_RTT

-
For 10ms TTI:
HARQ_PROC_ID = [CFN] mod HARQ_RTT

Based on this HARQ process ID and the RRC configuration, the UE shall determine whether to take the scheduled and non-scheduled grants into account in the upcoming transmission. If they are not supposed to be taken into account, then the corresponding grant shall be assumed to not exist. If the variable Serving_Grant has the value “Zero_Grant” after the the Serving Grant Update function, then the Serving Grant shall not be taken into account in the upcoming transmission.

The transmission format and data allocation shall follow the requirements below:

-
Only E-TFCs from the configured E-TFCS shall be considered for the transmission;

-
Only the data from logical channels for which a non-zero grant is available shall be considered as available;

-
The HARQ profile for the transmission shall be selected among the HARQ profiles of MAC-d flows on which the highest priority logical channels with available data are mapped;

-
In case the variable Serving_Grant has the value “Zero_Grant” after the Serving Grant Update function and there is no data available for MAC-d flows for which non-scheduled grants were configured and the transmission of Scheduling Information has been triggered, the “Control-only” HARQ profile configured by the higher layers shall be used.

-
The Nominal Power Offset shall be set to the power offset included in the transmission HARQ profile;

-
The data allocation shall maximize the transmission of higher priority data;

-
The amount of data from MAC-d flows for which non-scheduled grants were configured shall not exceed the value of the non-scheduled grant;

-
If a 10ms TTI is configured and the TTI for the upcoming transmission overlaps with a compressed mode gap, the Serving_Grant provided by the Serving Grant Update function shall be scaled back according to the procedure described in [13];

-
The total amount of data from MAC-d flows for which no non-scheduled grants were configured shall not exceed the largest payload that can be transmitted based on the Serving Grant (after adjustment for compressed frames) and the power offset from the selected HARQ profile; In the case a 2ms TTI is configured and the HARQ process is inactive, the UE shall not include any such data in the transmission;

-
Only E-TFCs in supported state shall be considered;

-
The E-TFC resulting in the smallest amount of padding shall be selected.

Once an appropriate E-TFC and data allocation are found according to the rules above, the "Multiplexing and TSN Setting” entity shall generate the corresponding MAC-e PDU.

The E-TFC selection function shall provide this MAC-e PDU and transmission HARQ profile to the HARQ entity. The maximum number of HARQ transmissions and the power offset in this profile, shall be set respectively to the maximum of the Max Number of HARQ Transmissions of the HARQ profiles from all the MAC-d flows from which data is multiplexed into the transmission and to the Nominal Power Offset. The HARQ entity shall also be informed of whether the transmission includes Scheduling Information and whether this information is sent by itself or with higher-layer data.

11.8.1.6
Scheduling information reporting

Scheduling information reports will be triggered differently depending on the value of the variable Serving_Grant after the Serving Grant Update function. The triggering of a report shall be indicated to the E-TFC selection function at the first new transmission opportunity (this process may be delayed in case the HARQ processes are occupied with re-transmissions). Even if multiple events are triggered by the time a new transmission can take place, only a single scheduling information header will be included in the payload.

The description of the behaviour in the two cases is provided below.

11.8.1.6.1
Report Triggering when SG = “Zero Grant” or all processes are deactivated 
If the Serving_Grant has the value “Zero_Grant” or all processes are deactivated, and the Total E-DCH Buffer Status becomes larger than zero, the transmission of Scheduling Information shall be triggered. 

RRC can also configure MAC with periodic Scheduling Information triggering. The periodic trigger timer T_SING (Timer Scheduling Information – "INACTIVE") shall be started at the beginning of the TTI during which the MAC-e PDU containing the Scheduling Information is transmitted.

When T_SING expires, the transmission of a new Scheduling Information report, with updated information, shall be triggered and the timer shall be restarted.

T_SING shall be stopped once the Serving_Grant variable in the Serving Grant Update function takes a value other than “Zero-Grant” and at least one process is activated.

11.8.1.6.2
Report Triggering when SG <> “Zero Grant” and at least one process is activated ”
RRC can configure MAC with periodic triggering also for the case when the variable Serving_Grant <> “Zero_Grant” and at least one process is activated. The periodic trigger timer T_SIG (Timer Scheduling Information – different from "INACTIVE") can be configured to a different value than T_SING. 

T_SIG shall be started once the Serving_Grant variable becomes <> “Zero_Grant” and at least one process is activated.

When T_SIG expires, the transmission of a new Scheduling Information report, with updated information shall be triggered. Then, T_SIG shall be restarted at the beginning of the TTI during which the MAC-e PDU containing the Scheduling Information is transmitted.

T_SIG shall be stopped once the Serving_Grant variable in the Serving Grant Update function becomes equal to “Zero_Grant” or all processes are deactivated.

In addition to this periodic scheme, the transmission of Scheduling Information shall be triggered if the HARQ entity reports that the previous transmission was not received by the serving RLS.
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