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1 Introduction
From previous RAN2 meetings, the following agreements were made related to the Scheduling Information reporting for dual carrier HSUPA [1][2]:

· There is a joint MAC buffer for DC-HSUPA

· UPH is reported for both carriers
· The Scheduling Information is sent in both carriers, using Rel-6 format. All Scheduling Information fields are identical in both carriers except for the UPH. In each Scheduling Information, the UPH value is as agreed in RAN1 [5].
On the topic of SI report triggering for DC-HSUPA, a number of documents discussed the triggering mechanisms [3][4][5]; however no decision has be reached yet. This contribution provides further analysis on the different triggering mechanisms and proposes a way forward.

2 Discussion
2.1 Singe carrier and existing SI Triggering mechanisms
In single carrier HSUPA, the SI can be triggered according to a number of different criteria.  A number of them are dependent on the serving grant status and HARQ processes status in the UE.   The set of triggering criteria for different scenarios are listed below:
Triggering criterions when SG=0 or all HARQ processes are deactivated:
1. Buffer becomes non-empty
2. New data with higher priority has arrived
3. Periodically controlled by a timer T_SING

Triggering criterions when SG<>0 and at least one HARQ process is activated:
4. SG is too small

5. Serving cell changes and is outside of previous RLS
6. Periodically controlled by a timer T_SIG
In addition, the SI may also be triggered when the following conditions are met:
7. HARQ failure occurs and the SI is multiplexed with higher layer data

8. There is enough available space in the MAC-i PDU to fit an SI
2.2 Dual cell HSUPA SI triggering mechanism

When considering the same triggering mechanisms for dual cell HSUPA, there are three different situations that the UE can experience with respect to available serving grant on the activated UL frequencies: 
a. SG=0 and all HARQ processes deactivated on all activate UL frequencies, 
b. SG<>0 and at least one HARQ process activated on all active UL frequencies, 
c. SG=0 on one frequency and SG<>0 on the other.  
The existing single carrier triggering mechanisms are discussed individually, taking into account the different situations described above.
Periodic triggering timers (T_SING and T_SING)

In order to reduce complexity in the UE and the number of timers to manage, it is proposed that the UE maintains one set of timers for both frequencies.  When the timer T_SING or T_SIG expires a Scheduling Information is triggered on both carriers simultaneously.  

This is considered to be beneficial for the following reasons:

· The UE will periodically transmit both UPH reports simultaneously, which will assist the network in acquiring a full picture of the total headroom, since the individual UPH reports do not account for the power of the DPCCH used in the other carrier.
· Simplicity; the UE manages a single timer.

· Future scalability may become a concern if too many timers need to be managed in the UE when extending to multiple carriers
Even though for cases “a” and “b” above this would result in the UE always using one timer, in situation “c” where one carrier has a zero serving grant and the other carrier a non-zero serving grant, it may ambiguous which timer the UE should use, T_SIG or T_SING.  
In order to avoid such ambiguity and simplify UE behavior the following is proposed:
· T_SING is used and started when the Serving Grant on both frequencies become zero

· T_SIG is used and started when at least one of the UL frequencies have a non-zero grant.  
Proposal 1: Agree to have one set of periodic timers maintained for both frequencies in the UE 

Proposal 1a: T_SING is used and started when the Serving Grant on both frequencies become zero

Proposal 1b: T_SIG is used and started when at least one of the UL frequencies have a non-zero grant

Proposal 1c: When the periodic timer expires the Scheduling information is triggered on all the active UL frequencies.

Considerations on other triggering conditions
Triggering conditions 1 and 2 (listed in Section 2.1) should be applicable to the case where the serving grants are equal to zero on both frequencies.  If the UE has a zero grant on one of the carriers only, we do not see a benefit of triggering an SI when the buffer becomes non empty, since the UE already has an available grant in one of the carriers. 

When the conditions are met it is proposed that the Scheduling information are triggered on both frequencies, since the network can use the UPH information on both carriers to determine the carrier for which a serving grant should be provided.  

Proposal 2: Triggering conditions 1 and 2 are triggered when the serving grants on both frequencies are zero.  When the conditions are met the SI on all active frequencies should be triggered.
Condition 4 (listed in Section 2.1) is a condition that is hardly utilized when MAC-i/is is configured, since the UE can always create a MAC-is PDU that can fit into the allowed transport block size due to MAC segmentation.    

Condition 5 (listed in Section 2.1) is currently triggered when a serving cell change occurs in the UE.  For dual carrier operation, the serving E-DCH cell should be changed simultaneously for both frequencies since it is required that the serving cells belong to the same Node B.  Therefore, an SI should be triggered on both frequencies when condition 5 is met.   

Proposal 3: Condition 5 is triggered for both active carriers when a serving E-DCH cell change occurs. When the conditions are met the SI on all active frequencies should be triggered.
Finally, criterion 7 and 8 (listed in Section 2.1) are related to either failure situations or opportunity based situations that are only associated with the carrier where the event occurs and there is no particular advantage to report SI over the other carrier.  

Proposal 4: Triggering conditions 7 and 8 remain carrier specific and are triggered independently per carrier.  
As additional enhancement, in order to assist the network in deactivating the secondary carrier when the UE approaches cell edge, it is proposed to introduce a new triggering event.  The new event consists of the UE reporting the SI information of both carriers when the UPH value of the secondary carrier falls below a threshold.  

At cell-edge conditions, if the secondary carrier remains active the UE will lose coverage and waste battery resources trying to maintain synchronization on  the secondary carrier.  In such situations, it would be desirable that the UE informs the network when the UPH value in the secondary carrier goes below a threshold.  This would assist the network in deciding to deactivate the secondary frequency as soon as the situation occurs, instead of relying on other triggering conditions that might take place at a later time.  

Proposal 5:   When UPH on the secondary carrier falls below a threshold a Scheduling Information should be triggered.
The proposals introduced in this contribution have been implemented in the appropriate sections of the 25.321 specification shown in the Appendix. 

3 Conclusion

This paper has provided analysis on the SI report triggering for DC-HSUPA.  We’d like the RAN2 group to discuss and agree the following proposals:
Proposal 1: Agree to have one set of periodic timers maintained for both frequencies in the UE 

Proposal 1a: T_SING is used and started when the Serving Grant on both frequencies become zero

Proposal 1b: T_SIG is used and started when at least one of the UL frequencies have a non-zero grant

Proposal 1c: When the periodic timer expires the Scheduling information is triggered on all the active UL frequencies.

Proposal 2: Triggering conditions 1 and 2 are triggered when the serving grants on both frequencies are zero.  When the conditions are met the SI on all active frequencies should be triggered.

Proposal 3: Condition 5 is triggered for both active carriers when a serving E-DCH cell change occurs. When the conditions are met the SI on all active frequencies should be triggered.
Proposal 4: Triggering conditions 7 and 8 remain carrier specific and are triggered independently per carrier.  
Proposal 5:   When UPH on the secondary carrier falls below a threshold a Scheduling Information should be triggered.

The proposed CR text that reflects the proposals are described in the appendix.

4 Appendix
1.8.1.6.1 Report Triggering when SG = “Zero_Grant” or all processes are deactivated on all active Uplink frequencies 
When Scheduling Information is triggered according to any of the conditions described below, it shall be triggered for all activate frequencies.   

If the Serving_Grant has the value "Zero_Grant" or all processes are deactivated on all active Uplink frequencies, and the TEBS becomes larger than zero, the transmission of Scheduling Information shall be triggered. 

If data with higher priority than the data already in the transmission buffer arrives, the transmission of a Scheduling Information shall be triggered.

RRC can also configure MAC with periodic Scheduling Information triggering. The periodic trigger timer T_SING (Timer Scheduling Information – "Zero_Grant") shall be started once the Serving_Grant variable becomes "Zero_Grant" or all processes are deactivated on all active Uplink frequencies and TEBS is larger than zero.
When T_SING expires, the transmission of a Scheduling Information shall be triggered.

T_SING shall be restarted when the transmission of a Scheduling Information is triggered.

T_SING shall be stopped and reset 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 on at least one of the activated UL frequencies.

11.8.1.6.2 Report Triggering when SG <> “Zero_Grant” and at least one process is activated at least one UL frequency
When Scheduling Information is triggered according to any of the conditions described below, it shall be triggered for all activated frequencies.   

If SG becomes too small to allow transmission of a single PDU from any scheduled MAC-d flow or if the SG is too small to allow transmission of a single PDU from any scheduled MAC-d flow and TEBS becomes larger than zero, the transmission of Scheduling Information shall be triggered.

If an E-DCH serving cell change occurs and if the new E-DCH serving cell was not part of the previous Serving E-DCH RLS, the transmission of a Scheduling Information shall be triggered.

If UPH2 on the secondary frequency becomes smaller then UPHthresh, the transmission of Scheduling Information shall be triggered.
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 in at least one of active UL frequencies. The periodic trigger timer T_SIG (Timer Scheduling Information – different from "Zero_Grant") 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 in at least one of active UL frequencies.

When T_SIG expires, the transmission of a new Scheduling Information shall be triggered.

T_SIG shall be stopped and reset once the Serving_Grant variable in the Serving Grant Update function becomes equal to "Zero_Grant" or all processes are deactivated on all activated UL frequencies.

T_SIG shall be restarted when the transmission of a Scheduling Information is triggered.

Once the Serving_Grant variable in the Serving Grant Update function becomes equal to "Zero_Grant" or all processes are deactivated  on all activated UL frequencies and TEBS is larger than zero, the transmission of a Scheduling Information shall be triggered.

11.8.1.6.3
HARQ delivery failure for triggered Scheduling Information
If the HARQ process fails to deliver a MAC-e or MAC-i PDU containing a triggered Scheduling Information to the RLS containing the serving cell:

-
if the TEBS field of the SI for which the HARQ transmission failed is set to zero and if UE is in CELL_FACH state or idle mode:

-
if this is a DTCH/DCCH transmission and "E-DCH transmission continuation back-off" is set to "infinite":

-
the transmission of a new Scheduling Information shall be triggered

-
else 

-
no further action is required.

-
else, if the Scheduling Information was transmitted without any higher layer data multiplexed in the same MAC-e or MAC-i PDU:

-
no further action is required (rely on periodic triggering).

-
else (Scheduling Information was transmitted together with higher layer data multiplexed in the same MAC-e or MAC-i PDU):

-
the transmission of a new Scheduling Information shall be triggered on the same UL frequency.
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