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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 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 scheduled data;
-
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;

-
The Absolute Grant contains:

· the identity (E-RNTI) of the UE (or group of UEs) for which the grant is intended (through an ID-specific CRC attachment);
· the maximum power ratio the UE is allowed to use, on 5 bits;
· in case of 2ms TTI an HARQ process activation flag indicating if the Primary Absolute Grant activates or deactivates one or all HARQ processes. That bit is also used to switch the UE from its primary E-RNTI to its secondary E-RNTI for both the 2ms and the 10ms TTI. The use of the bit encoding the flag is FFS for the Secondary Absolute Grant. The use of the bit is also FFS in case of 10ms TTI (in case the grant value is different from INACTIVE).
-
Group identities or dedicated identities are not distinguished by the UE. It is up to UTRAN to allocate the same identity to a group of UEs;

-
Up to two identities (E-RNTIs), one primary and one secondary, can be allocated to a UE at a time. In that case, both identities shall use the same E-AGCH channel. The allocation is done by the Node-B and sent by the SRNC in RRC.

-
The identity consists of 16 bits;
-
Relative Grants (updates) may be 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 RL 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 (see conditions for sending “DOWN” command in clause 14.1) 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 Grants from the Serving E-DCH cell and Relative Grants from the Serving E-DCH RLS.
The UE shall 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 scheduled data in active HARQ processes;
-
Each Absolute Grant and Relative Grant is associated with a specific uplink E-DCH TTI i.e. HARQ process. This association is implicitly based on the timing of the E-AGCH and E-RGCH (see [3]). The timing is tight enough that this relationship is un-ambiguous;
-
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:

-
Primary Absolute Grants always affect the SG;

-
Secondary Absolute Grants only affect the SG if the last Primary Absolute Grant was set to ‘INACTIVE’ and, in case of 2ms TTI, the process activation flag was set to ‘All’ (transition trigger), or if the latest Absolute Grant that affected the SG was the Secondary one. When transition to the secondary E-RNTI is triggered, UE shall update the SG with the latest received Absolute Grant on the secondary E-RNTI (UE must listen to both E-RNTIs in parallel, if both E-RNTIs are configured);
-
In case of 10ms TTI, SG is set to the received value if the grant value is different from ‘INACTIVE’;

-
In case of 2ms TTI and a Primary Absolute Grant was received:
· If the received value is different from ‘INACTIVE’, the SG is set to that value and the following activation mechanism is applied to processes that are not disabled as per L3 signalling:

· In case of an AG associated to an inactive process, the process activation flag indicates whether all processes or only this particular process becomes active;

· In case of an AG associated to an active process, the process activation flag will indicate whether all processes become active (‘all’) or the activation status of the processes is not changed (‘single’);

· If the received value is ‘INACTIVE’, the UE behaviour depends on the process activation flag:

· If the flag is set to ‘single’, this active process becomes inactive;

· If the activation flag is set to ‘All’ and the secondary E-RNTI is configured:

· All L3-enabled processes that are deactivated become active.
-
If the activation flag is set to ‘All’ and the secondary E-RNTI is not configured:

-
All L3-enabled processes are deactivated (if a process was inactive it remains inactive, if a process was active it becomes inactive).
-
In case of 2ms TTI and a Secondary Absolute Grant was received:

-
In case the Secondary Absolute Grant affects the SG, the SG is set to the received value.
-
If no “Absolute Grant” is received by the UE in a TTI and the last SG update was due to a Primary Absolute Grant from the E-AGCH or from RRC signalling, 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

-
If no data was transmitted at the same hybrid ARQ process in the previous TTI, the UE shall ignore the Relative Grant.
-
Else
-
The UE shall calculate its new SG by applying a Delta compared with its last used power ratio. See details in [4].



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

-
SG remains unchanged.
9.2.2
Grants from the Non-serving RL
Non-serving RLs may only send Relative Grants to the UE. The UE shall handle the RG from these non-serving E-DCH RLs as follows:

-
When the UE receives a “DOWN” from at least one Non-serving E-DCH RL, it 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). UE shall calculate its new SG, see details in [4].

;
-
Following reception of a non-serving ‘DOWN’, UE shall ensure that its SG is not increased (due to E-AGCH or E-RGCH signalling) during one HARQ cycle.

9.2.3
Reception of Grants from both the Serving RLS and Non-serving RL(s)
In the case of a UE receiving grants from both the Serving RLS and Non-Serving RL(s), 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 RL:

-
new SG is set to the minimum between the resulting SG from the non-serving E-DCH RL and the resulting SG from the serving RLS.
9.3
Signalling

9.3.1
Uplink

For the UE to request resources from the Node B(s), Scheduling Requests will be transmitted in the uplink in the form of Scheduling Information and Happy Bit. The Scheduling information will be transmitted for the logical channels for which RRC configured that reporting needed to be made, while the Happy Bit shall always be included in the E-DPCCH, whenever the E-DPCCH is transmitted.

9.3.1.1
Scheduling Information

9.3.1.1.1
Content

The UE includes the following in the Scheduling Information (only taking into account the logical channels for which RRC configured that reporting was required and always excluding logical channels mapped on non-scheduled MAC-d flows):

· Logical channel ID of the highest priority channel with data in buffer, on 4 bits. The logical channel ID field identifies unambigiouly the highest priority logical channel with available data and QoS information related to this indicated logical channel;

· UE Buffer occupancy (in Bytes):

· Buffer status for the highest priority logical channel with data in buffer, on 4 bits, as a fraction of the total reported buffer;

· Total buffer status, on 5 bits;

· UE Power Headroom (UPH): The UPH field indicates the ratio of the maximum UE transmission power and the corresponding DPCCH code power defined in [7], on 5 bits (or less, depending on RAN4 results).

9.3.1.1.2
Triggers

In the case where the UE is not allowed to transmit scheduled data (because it has no Serving Grant available or it has received an Absolute Grant preventing it from transmitting in any process) and it has Scheduled data to send on a logical channel for which Scheduling Information must be reported:

· Scheduling Information shall be sent to the Serving E-DCH RLS in a MAC-e PDU;

· Periodic reporting to protect against NACK-to-ACK misinterpretation;

· Scheduling Information could be sent alone, or with non-scheduled data, if such exist;
· Scheduling Information will also be triggered if higher priority data arrives in buffer.
In the case where the UE is allowed to transmit scheduled data and it has Scheduled data to send on a logical channel for which Scheduling Information must be reported:
· it shall send the Scheduling Information to the Serving E-DCH RLS in the MAC-e PDU;

· the Scheduling Information is sent periodically (period defined by RRC);
· 
The details on how Scheduling Information is included in the MAC-e PDU can be found in [4]. 

9.3.1.1.3
Transmission and Reliability scheme

Two transmission mechanisms are defined, depending on whether the Scheduling Information is transmitted alone, or with data (scheduled and/or non-scheduled):

1.
When the Scheduling Information is sent alone:
-
The power offset is configured by RRC and the maximum number of re-transmissions is defined by the standard;
-
HARQ (re)transmissions are performed until an ACK from the RLS containing the serving cell is received or until the max number of transmissions is reached.
2.
When Scheduling Information is sent with data: 
-
Use the HARQ power offset attribute of the highest priority data, and the maximum number of transmissions among all the considered HARQ profiles associated to the MAC-d flows for the MAC-e PDU to be transmitted;

-
HARQ (re)transmissions are performed until an ACK is received, or until the max number of transmissions is reached.
-
If the UE receives an ACK from an RLS not containing the serving cell for a packet that includes scheduling information which was triggered by an event or a timer as per section 9.3.1.1.2, it flushes the packet and includes the scheduling information with new data payload in the following packet.

 [NEXT IMPACTED SECTION]
11.3
Setting of Power offset attributes of MAC-d flows

Power offset attributes of MAC-d flows are part of the HARQ profiles of the MAC-d flow. They are provided by the UTRAN to the UE according to the following principles:

-
The DPCCH transmission power is controlled the same way as in Release '99;


-
With each MAC-es PDU transmitted to the SRNC, the Node-B includes the number of transmissions that have been required to correctly decode the PDU. Also, the serving nodeB shall send an HARQ failure indication in case of unsuccessful decoding of the E-DCH payload (see [4]); 

-
Using the information provided by the Node B(s), the SRNC may maintain up to date power offsets;

-
The SRNC may decide to signal to the UE and the node Bs in the E-DCH active set new values for the power offset attributes for one (or several) MAC-d flow(s);
-
No other power management/control mechanism is needed for E-DCH.
[NEXT IMPACTED SECTION]
14
Resource Management

14.1
Scheduler control from CRNC to Node B

The CRNC may send a maximum total RTWP value to the Node B to control cell coverage. The value reflects total interference including contributions from all uplink traffic and external interferers. The scheduler can use this value when issuing grants. The result of the scheduling should be such that the maximum total RTWP value is not exceeded.
The CRNC may send to Node B the Reference Received Total Wideband Power. This value represents the received noise power level in a particular cell and can be used e.g. when making noise rise estimates in the Node B scheduler. The usage of this value in the Node B scheduler is optional.

The CRNC may send the target value of Non-serving E-DCH to serving E-DCH power ratio per cell to the Node-B. Node-B should not send Non-serving RL RG “Down” command, unless both of the following criteria are met:
1.
Experienced total RTWP > Target RTWP signalled from CRNC
2.
Non-serving E-DCH to total E-DCH power ratio > Target ratio signalled from CRNC

Non-serving E-DCH to total E-DCH power ratio is the ratio of power from UEs for which this cell is a non-serving RL and the total E-DCH power.  Received non-serving E-DCH power and total E-DCH power may be calculated from the E-TFC information on the E-DPCCH and a reference power offset. A reference power offset is defined per UE and signalled from CRNC to Node-B for this calculation.

14.2
Node B to CRNC reporting

Radio Access Bearers with strict quality requirements (mapped on E-DCH or DCH) are subject to admission control. To support such admission control and to enable noise floor estimation, the Node B shall measure/estimate and signal to the CRNC the following: 

- 
Total RTWP (as in Rel-5);

- 
Provided bit rate per logical channel priority per cell, taking into account only logical channels mapped on E-DCH.

To enable the CRNC to manage resources between cells, a load excess indicator shall be signalled from Node-B to CRNC if the frequency of the “Down” commands towards UEs for which this cell is a non-serving RL becomes more than a pre-defined level. The detailed conditions under which this load excess indicator should be sent are FFS.
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