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1 Introduction
In this contribution, we will discuss the SI triggering in DC-HSUPA. We propose to make most of the SI reporting triggered simultaneously on both carriers. 
2 SI triggers
For FDD, [1] specifies the following Scheduling Information triggering mechanisms for the legacy single carrier system:

1) Periodic SI, T_SING expiration
T_SING timer started when SG = 0 and TEBS > 0
2) Periodic SI, T_SIG expiration
T_SIG timer started when SG <> 0 and at least one process is activated.
3) If current serving_grant (SG) = 0 or all HARQ processes are deactivated and TEBS > 0

4) Current SG is too small to allow transmission of a single PDU from any scheduled MAC-d flow and TEBS > 0
5) Higher priority data arrival to the queue
6) If an E-DCH serving cell change occurs and the new serving cell was not part of the previous serving E-DCH RLS

7) HARQ delivery failure
8) Quantization in E-TFC selection allows SI to be concatenated 
It is proposed in [3] that all these mechanisms are made independent per carrier. However, this may not be the best choice in terms of performance, overhead and complexity. 
Mechanism 1 and 2 are periodic reporting involving timers. It would be easier for UE to implement a joint timer for each mechanism. Then SI would be triggered simultaneously over the two carriers. The timer T_SING should be started when both serving grants become zero and TEBS > 0, and stopped when either grant is not zero or TEBS equals to zero. The timer T_SIG should be used when either serving grant is not zero and at least one process is activated. 
For Mechanism 1 and 2, the amount of SI reporting is the same with joint timer or independent timers. If the Node B scheduler makes independent decisions for each carrier, there is no difference in the scheduling performance. If the Node B scheduler makes joint decisions for both carriers, there is some advantage of synchronizing the SI information since the UPH are measured during the same period. 

Mechanism 3 and 4 aim to send the SI when the SG is too small and TEBS>0. In DC HSUPA, there are two SGs on both carriers. A natural extension to the legacy rule is to trigger SI on both carriers if both SGs are too small. In this case, the SIs are triggers on both carriers simultaneously. In terms of network loading caused by SI, joint triggering of Mechanism 1 and 3 would reduce the number of SI reports. 
Mechanism 5 is clearly common to both carriers and should be made joint across the carriers. 

Mechanism 6 is to trigger SI when the serving cell is changed. In DC HSUPA, the serving cell for both carriers has to be the same. Therefore, this mechanism is inherently synchronous over the two carriers. 
Mechanism 7 and 8 are clearly per-carrier triggers. 

It is worth noting that even with the synchronous SI triggering on both carriers, the actual SI transmission is still subject to the first empty TTI without retransmission on each carrier and Node B decoding is still affected by HARQ. 

In addition, sending SI would interrupt the UE DTX cycles. Since DTX cycles on both carriers have the same timing, simultaneous SI transmissions would reduce the DTX interruptions, saving battery power. 

3
Conclusions

Proposal Among the 8 triggering mechanism of SI reporting listed in Section 2, we propose to have the first 6 mechanisms triggered simultaneously on both carriers. The latter 2 triggers are clearly per-carrier mechanisms. 

The changes to 25.321 are presented in the Appendix. 
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Appendix: Changes to 25.321

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.
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.
If the UE has more than one Activated Uplink Frequency, 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 on each Activated Uplink Frequency. 
In CELL_DCH state, the Scheduling Information shall not be transmitted if the TEBS is zero, even if it was triggered by one of the configured triggering mechanisms.
For FDD and for CCCH transmission in CELL_FACH state and Idle mode, the transmission of  Scheduling Information shall only be triggered when TEBS becomes zero and the MAC-i PDU containing the last data is being transmitted.  The SI is transmitted with the MAC-i PDU carrying the last data, given the serving grant is sufficient to carry the SI with the last remaining data.  Otherwise, the empty buffer status report is transmitted separately with the next MAC-i PDU. 
For FDD and for DTCH/DCCH transmission in CELL_FACH state, the transmission of Scheduling Information shall be triggered once, if the TEBS remains zero and no higher layer data remains in MAC to be transmitted for a period given by the E-DCH transmission continuation back off period unequal "infinity". For FDD and for DTCH/DCCH transmission in CELL_FACH state with E-DCH transmission continuation back off period set to "infinity" or "zero", the transmission of  Scheduling Information shall be triggered each time when the TEBS becomes zero and no higher layer data remains in MAC to be transmitted after the transmission of the MAC-i PDU containing the scheduling information with the empty buffer status report.
If the Scheduling Information needs to be included in the MAC-e or MAC-i PDU according to subclause 9.2.4.2, it shall be transmitted regardless of TEBS status. If the UE has more than one Activated Uplink Frequency, if the Scheduling Information needs to be included in the MAC-i PDU according to subclause 9.2.4.2, it shall be transmitted regardless of TEBS status on each Activated Uplink Frequency.
The transmission of Scheduling Information can take place on every HARQ process, even on those processes for which transmission is restricted according to RRC or deactivated by absolute grants, i.e. processes on which scheduled and/or non-scheduled transmission can not take place.

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" on all the Activated Uplink Frequencies or all processes are deactivated on all the Activated Uplink Frequencies with Serving Grant <> "Zero_Grant"and the TEBS becomes larger than zero, the transmission of Scheduling Information shall be triggered on all the Activated Uplink Frequencies. 

If data with higher priority than the data already in the transmission buffer arrives, the transmission of a Scheduling Information shall be triggered on all the Activated Uplink Frequencies.
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" on all the Activated Uplink Frequencies or all processes are deactivated on all the Activated Uplink Frequencies with Serving Grant <> "Zero_Grant" and TEBS is larger than zero.
When T_SING expires, the transmission of a Scheduling Information shall be triggered on all the Activated Uplink Frequencies.
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" on any Activated Uplink Frequency 
and at least one process is activated on that frequency.

11.8.1.6.2
Report Triggering when SG <> “Zero_Grant” and at least one process is activated

If SG becomes too small to allow transmission of a single PDU from any scheduled MAC-d flow on all the Activated Uplink Frequencies or if the SG is too small to allow transmission of a single PDU from any scheduled MAC-d flow on all the Activated Uplink Frequencies and TEBS becomes larger than zero, the transmission of Scheduling Information should be triggered on all the Activated Uplink Frequencies.
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 on all the Activated Uplink Frequencies.
RRC can configure MAC with periodic triggering also for the case when the variable Serving_Grant <> "Zero_Grant" on any Activated Uplink Frequency and at least one process is activated on that frequency. 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" on any Activated Uplink Frequency and at least one process is activated on that frequency.

When T_SIG expires, the transmission of a new Scheduling Information shall be triggered on all the Activated Uplink Frequencies.
T_SIG shall be stopped and reset once the Serving_Grant variable in the Serving Grant Update function becomes equal to "Zero_Grant" on all the Activated Uplink Frequencies or all processes are deactivated on all the Activated Uplink Frequencies with Serving Grant <> "Zero_Grant".
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" on all Activated Uplink Frequencies or all processes are deactivated on all the Activated Uplink Frequencies with Serving Grant <> "Zero_Grant" and TEBS is larger than zero, the transmission of a Scheduling Information shall be triggered on all Activated Uplink Frequencies.

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.
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