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1. Introduction
In the RAN2#66 meeting, several solutions about SI report for DC-HSUPA were proposed and discussed [1]-[4] and it was agreed that:

Agreement: There is a joint MAC buffer for DC-HSUPA.

Agreement: UPH is reported for both carriers.
Alternative 1:


SI (as in release 6) is reported on each carrier.
Alternative 1a:
 
The buffer fields are reserved on the second carrier.
Alternative 2:

SI (as in release 6) is reported from one carrier in a TDM fashion.

The SIs would be transmitted in 2 consecutive TTIs.
However, no final conclusion has been drawn to on the issue. In this contribution, it will do some further analyses with regard to all the options above. 
2. Discussion

2.1     Definition of UPH for DC-HSUPA
In the single carrier system, UPH is the ratio of the maximum UE transmission power and the DPCCH code power, thus it is natural that for the dual carrier system the UPH of a carrier is defined as the ratio of maximum UE transmission power and the corresponding DPCCH code power of the carrier as agreed by RAN1. From RAN2 point of view, we do not see any strong reasons to modify the definition of UPH. Furthermore, any redefinition of UPH should be carefully evaluated from the report range and report accuracy point of view, which is in the scope of RAN4. 
Proposal 1: The UPH of a carrier is defined as the ratio of maximum UE transmission power and the corresponding DPCCH code power of the carrier.

2.2     Comparison between different options
For the Alternative 1a [2] (which will reserve the buffer fields of SI on the second carrier for future usage), there seems to be some gains since 13 bits are saved, however, it cannot be guaranteed that the SI on primary carrier can be decoded successfully at every opportunity because of the varying channel conditions. In order to avoid the situation where only UPH of the second carrier is received by the Node B scheduler without the UE buffer information, it will be beneficial for the UE to transmit the UPH and buffer fields together on both the two carriers. In addition, it is hard to find any obvious usage for the 13 bits reserved bit at current stage, thus if we do not change the format of SI (i.e. redefine a 5 bits length SI which only consists of UPH), it is also a waste of UE power to transmit meaningless bits.
During the discussion in the last meeting, for the alternative 2 [3] (where SI is reported from one carrier in a TDM fashion (i.e. in consecutive TTIs)) some companies pointed out that they saw some CPC gains because the SI from the primary carrier only means that there will be no SI transmission on the second carrier to interrupt the UE DTX operation on the carrier. However, we do not see any significant cell capacity impact since from single carrier point of view, the CPC behaviour of UE is the same as what it is in Rel-8, and the TDM scheme is just a kind of little optimization. In addition, the extra CPC gains could be considered as small compared with the benefits of secondary carrier activation/deactivation mechanism (agreed previously). What is more, it could be found that there are some drawbacks with regard to the TDM scheme, as following:
1. Significant impact to the current spec comparing with Alternative 1;
2. Significant impact to the current behaviour of Node B, thus extra cost will be taken when the Node B is to be upgraded from single carrier system to dual carriers system;
3. From RRM point of view, the serial report scheme will prevent the simultaneous arrival of SI among different carriers, which is not convenient for the joint Node B scheduler;

4. Poor forward compatibility (i.e. up to 4 UL carries aggregation) comparing with Alternative 1;

5. Extra UPH report delay. As stated in Spec 25.133[5], the reporting delay of the UE transmission power headroom measurement result shall be not more than 10 ms, which is defined as the time between the end of the UE transmission power headroom measurement period and the time when the UE starts transmitting the measurement report over the Uu interface. In case some HARQ processes are deactivated by higher layer or in case particular TTI transmission is forbidden because of compressed mode, there are some concerns that the UPH report delay will get out of the requirement, especially after up to 4 UL carries aggregation is introduced in the future.
6. Extra complexity during the switch between single carrier operation and multi carrier operation.
For the alternative 1, where SI is reported on each carrier as in Rel-6, is quite natural and straightforward. Further more, it is also has no any impact to the current specification and have good forward compatibility. 

Based on the above discussion, the comparison between different alternatives is summarized in the table below.

Table 1 summary of the comparison between different alternatives
	
	convenience for different RRM strategies
	reliability
	forward compatibility
	impacts on specification

	alternative 1
	good
	good
	good
	not any impact

	alternative 1a
	not good
	not good
	good
	some impact

	alternative 2
	not good
	good
	not good
	some impact


So we propose,

Proposal 2: In DC-HSUPA, SI (as release 6) is reported on each carrier.

2.3     SI trigger mechanism for DC-HSUPA
In HSUPA, there are two scheduling information report mechanisms, one is event trigger report, and the other one is timer triggered report (i.e. periodical report). 

The event triggered report will happen in the following scenarios:

1. If the Serving_Grant has the value "Zero_Grant" or all processes are deactivated, and the TEBS becomes larger than zero, the transmission of Scheduling Information shall be triggered.
2. If data with higher priority than the data already in the transmission buffer arrives, the transmission of a Scheduling Information shall be triggered.
3. 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.
4. 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.
5. HARQ delivery failure happens for the MAC-e or MAC-i PDU with Scheduling Information and higher layer data multiplexed together.
With the introduction of DC-HSUPA, given the joint buffer for the two carriers, we can see that scenario 2 and scenario 4 are common for both carriers, and it is natural for the two carriers to send the Scheduling Information simultaneously when the condition fulfils; while for the rest scenarios, they should be carrier specific.

For the timer trigger scheduling information report, scheduling information is reported periodically to protect against NACK-to-ACK or DRX-to-ACK misinterpretation, which is achieved by a pair of timers (i.e. T_SIG and T_SING). The two timers are used depending on the value of SG: if SG equals to Zero_Grant then T_SING is used, otherwise T_SIG is used. 

With the introduction of DC-HSUPA, we can’t find any special reason to introduce carrier specific T_SIG and T_SING timers parameters, thus in order to simplify the implementation, it is preferred to use one pair of common timers parameters for both of the two carriers. 
For the status of timer T_SIG and T_SING, there are two alternatives: 1) the status is carrier specific, i.e. each carrier will maintain the status of T_SIG and T_SING individually; 2) the status is common across two carriers, i.e. two carriers will maintain the status of T_SIG and T_SING together. It is obviously that for the first alternative, four timers are needed all together for periodic SI report, thus in order to avoid the UE complexity caused by the implementation of extra timers, the second alternative is preferred.

So we propose:
Proposal 3: The two uplink carriers use one pair of common timers (T_SIG and T_SING) parameters for periodical scheduling information report.
Proposal 4: The status of timer T_SIG and T_SING is common across the two carriers, i.e. two carriers will maintain the status of T_SIG and T_SING together.
3. Conclusion

In this contribution, we presented some comparison between 3 candidates SI report alternatives which were agreed by  RAN2#66, as well as some discussion on the SI triggering mechanisms for DC-HSUPA. RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: The UPH of a carrier is defined as the ratio of maximum UE transmission power and the corresponding DPCCH code power of the carrier.

Proposal 2: In DC-HSUPA, SI (as release 6) is reported on each carrier.

Proposal 3: The two uplink carriers use one pair of common timers (T_SIG and T_SING) for periodical scheduling information report.
Proposal 4: The status of timer T_SIG and T_SING is common across the two carriers, i.e. two carriers will maintain the status of T_SIG and T_SING together.
Also, please find our opinion on the modification of spec 25.321 to address the SI triggering mechanisms for DC-HSUPA in the appendix.
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5. Appendix

11.8.1.6
Scheduling Information reporting

Scheduling information reports will be triggered per carrier 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.
**********************************Omitted text******************************************
11.8.1.6.1
Report Triggering when SG = “Zero_Grant” or all processes are deactivated
If the Serving_Grant of one carrier has the value "Zero_Grant" or all processes are deactivated, and the TEBS becomes larger than zero, the transmission of Scheduling Information shall be triggered on that carrier. 
If data with higher priority than the data already in the transmission buffer arrives, the transmission of a Scheduling Information shall be triggered on both carriers.
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 of both carriers becomes "Zero_Grant" or all processes are deactivated and TEBS is larger than zero.
When T_SING expires, the transmission of a Scheduling Information shall be triggered on both carriers.

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 of either carrier 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

If SG of both carriers becomes too small to allow transmission of a single PDU from any scheduled MAC-d flow or if the SG of both carriers 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 on both carriers.
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 both carriers.
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 "Zero_Grant") can be configured to a different value than T_SING. 

T_SIG shall be started once the Serving_Grant variable of either carrier becomes <> "Zero_Grant" and at least one process is activated.

When T_SIG expires, the transmission of a new Scheduling Information shall be triggered on both carriers.
T_SIG shall be stopped and reset once the Serving_Grant variable of both carriers in the Serving Grant Update function becomes equal to "Zero_Grant" or all processes are deactivated.
T_SIG shall be restarted when the transmission of a Scheduling Information is triggered.
Once the Serving_Grant variable of one carrier in the Serving Grant Update function becomes equal to "Zero_Grant" or all processes are deactivated and TEBS is larger than zero, the transmission of a Scheduling Information shall be triggered on that carrier.
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