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1 Introduction
During the RAN2#67bis meeting, the different proposal for Scheduling of the Scheduling Information raised some concerns from the NW and UE point of view [1]. During the offline discussions, several alternatives were brought up. This contribution focuses on these concrete concerns and proposes a way forward for the periodic triggering which is primarily based on the different approaches the group raised during the offline discussion. It also proposes a way forward for the rest of the triggers. 
2 Discussion 
2.1 Way forward after offline discussions
The most problematic issue was the periodic timers. In Rel-8, these timers are optional and they are configured independently giving the freedom to the network to get the information which is most preferred by the network. In other words, if the network is mainly interested in receiving the SI when the UE SG is zero, then the NW will configure one periodic timer. If the NW is interested in getting the SI when the UE SG is non-zero, the NW will configure another timer. The NW could also configure both periodic timers or could not configure any of them. 

The concern from the NW point of view was that proposals in [2], [3] and [4] for the periodic triggering would imply that the NW needs to configure both periodic timers if the NW is interested to trigger the SI when the Serving Grant (SG) on one of the carrier is zero. 

To clarify this, we can take a closer look to the periodic triggering proposals in [2]: 

“[…]

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 

[…]”

If we translate the proposal in a table of values, we can see which timer is active (it only considers the SG; however, the same reasoning could be done with the status of the HARQ processes).
Table 1


	Serving Grant Value

	Carrier 1
	Carrier 2
	Active timer

	= 0
	= 0
	T_SING

	=0
	<>0
	T_SIG

	<>0
	=0
	T_SIG

	<>0
	<>0
	T_SIG


We see that the NW needs to configure both timers if the NW wants to get all the cases in which a carrier has zero grant value.
The concern from the UE point of view was that the periodical triggering proposal in [5] could have some battery cost under certain circumstances. 
[5] proposed a fully independent approach:

“[…]

Proposal 1: All timers are per carrier, and all triggering mechanisms are evaluated per carrier.

Proposal 2: When a trigger is set off, the Scheduling Information is sent only in the carrier which triggered the SI. 

[…]”

If the NW has configured CPC, the UE will wake up to send the SI. Since each carrier keeps a fully independent timer, each timer is started when the condition to start the timer becomes true. As a consequence, each carrier may trigger a SI at a different moment in time. 
It is seen as not desirable to wake up the UE at different times due to the fact that it has some battery impact. It would be preferable that if the UE wakes up, it sends the SI in both carriers at the same time. It is also desirable that triggering the SI in a carrier which is active (not in DTX) does not wake up the other carrier. 
RAN2 already decided that “CPC” configuration is common for both carrier but the DTX state machine is independent; therefore, one carrier may be in DTX while the other may not be in DTX.

Therefore, the case we need to optimize is the case in which both carriers are in DTX state. We need to achieve that both carriers wake up at the same time to send the SI if they need to send it. If the UE is in DTX, the UE has a default grant in each carrier; hence, the case to optimize is when both SG <> 0 and both are in DTX. 

From the offline discussions, we did not find any alternative way to solve the NW concern. So let’s take at this point as a working assumption the first two proposals in [5] which we mentioned above. 

If we find an easy mechanism to achieve certain kind of sync state for both timers the UE concern is also solved. From the offline discussions, we mentioned that the timers could be started/restarted/stop. 

An example may clarify the issue:

a) Consider two moments in time T1 and T2, being T1 < T2

b) In T1, one of the carriers starts its T_SIG (let’s call it T_SIG_1) while the other has not started it. 

c) In T2, T_SIG_1 has not expired yet and the UE evaluates that T_SIG_2 needs to be started. 

d) UE does not start T_SIG_2
d.1) UE starts T_SIG_2
e) In T3 (T3=T1+T_SIG), T_SIG_1 expires and
e.1)
1. SI is triggered and sent in both carriers
2. Both T_SIG timers are re-started
e.2)
1. If T_SIG_2 is running, SI is triggered and sent in both carriers
2. Both T_SIG timers are re-started
f) In T3, both T_SIG timers are re-started and will be time aligned.

The picture exemplifies the steps:
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Figure 1

The only inconvenience in this approach is that the SI may be sent sooner than expected in one of the carriers; however, we see no real impact with this approach as this may happen only in the case that one of carrier has a zero grant and another a non-zero grant, and at some moment later both carriers have a non-zero grant value.
The alternative d.1) (to start the timer which is not running) aims to avoid the situation in which the first timer running is the one in the secondary carrier, and the second timer was not started even though the condition was fulfilled in the one in the primary carrier. There may be an issue if the secondary carrier would be deactivated. Since the other timer was never started, the periodic trigger would have totally stopped. 

To picture this situation, consider that the secondary carrier is carrier A and the primary carrier is carrier B in Figure 1. If the secondary carrier is deactivated before both timers are re-started at the same time, the timer in the carrier B may never be started.
Basically, this solution solves both concerns and at this stage we are ready to formulate the following proposals:

Proposal 1: UE follows Rel-8 SI triggering mechanisms if the secondary carrier is deactivated

Proposal 2:  Non periodic triggering mechanisms are per carrier and the scheduling information is sent on the carrier which triggered the SI.

Proposal 3: For periodic timers:
Proposal 3a: T_SIG and T_SING are independently configured by the network. If T_SIG configured, there is one T_SIG per activated uplink frequency; and if T_SING is configured, there is one T_SING per activated uplink frequency.
Proposal 3b: T_SIG timers share the same value configured by the network, and T_SING timers share the same value configured by the network. T_SIG and T_SING values may be different as in Rel-8.

Proposal 3c: T_SING is evaluated per carrier as in Rel-8 and the Scheduling Information is sent on the carrier which triggered the SI.

Proposal 3d: A T_SIG timer shall be started once the current Serving_Grant variable becomes <> "Zero_Grant" in that carrier and at least one process is activated in that carrier. When a T_SIG timer expires, the transmission of a Scheduling Information shall be triggered in both carriers if both T_SIG timers were running; otherwise, the SI shall be sent on the carrier whose timer expired.
T_SIG timer shall be restarted when the transmission of a Scheduling Information is triggered in that carrier.
T_SIG shall be stopped and reset in the respective carrier once the Serving_Grant variable in the Serving Grant Update function becomes equal to "Zero_Grant" in that carrier or all processes are deactivated in that carrier.

2.2 Dual Cell E-DCH Specific Reporting Mechanisms

In Dual Cell E-DCH operation, the Node-B can activate and deactivate the secondary UL carrier using HS-SCCH orders. Node-B can activate or deactivate the secondary carrier based on the air interference level or available resources, for instance. In addition, the Node-B can also use external information provided by the UE to do decisions which consider the situation of the UE. 

For instance, unfavorable radio conditions may lead the UE to increase its DPCCH power. As a consequence, both carriers will have less power to transmit data. This unfavorable situation can even lead to a power limited situation and, thus, to a reduction in the throughput. The network may be aware that the UE is experiencing bad radio conditions; however, it does not know to what level. In this situation, the UE power headroom information can assist the Node-B to decide whether a deactivation would help the UE to leave the power limited situation and use efficiently its resources. 

A similar approach could be thought when the UE is experiencing good radio conditions. The power headroom in this case may be large. This information may be again helpful for the Node-B. In this case, the Node-B could decide to active the secondary carrier and, as result, increase the UE throughput. 

Current mechanisms are mainly based in the buffer size and serving grant. Even though, the periodic triggering could actually provide to the network with this information in a periodic basis, the periodic triggering is optionally configured by the network. The network may not need to get periodic SI but only in a special situation tight to the UPH value. 

Based on the previous argumentation and in the potential advantages, we think that the UPH could be used as a new triggering mechanism. The new criteria could be:

> The UPH value for a carrier is lower/larger than a certain value and TEBS is larger than 0

> Periodic trigger – The timer is started when the condition above is true and restarted whenever the Scheduling Information is sent. The timer is stopped and reset when the UPH in that carrier is above/below the configured value or TEBS is zero. 

The main purpose to introduce the TEBS is to avoid transmissions only with the SI. When there are no data transmissions (or buffer is empty), E-DPDCH/E-DPCCH is not transmitted. The absence of these channels is enough information for the network to deactivate the secondary carrier, for instance. 

We think it is preferable that the conditions are evaluated per carrier. When triggered, the UE can send the SI in the carrier which triggered the SI or, another approach which was highlighted during the RAN2#67, the UE can send the Scheduling Information in both carriers (if the secondary carrier is activated) at the same time. The main benefit of the latter approach is that the network can compare the UPH of both carriers.   

Proposal 4: Introduce the following triggering mechanisms: 

Proposal 4a: The UPH value for a carrier is lower than a certain value and TEBS is larger than zero; 

Proposal 4b: The UPH value for a carrier is larger than a certain value and TEBS is larger than zero;

Proposal 4c: Optional configured – Periodic trigger – The timer is started when the condition above is true and restarted whenever the Scheduling Information is sent. The timer is stopped and reset when the UPH in that carrier is above/below the configured value or TEBS is zero.

Proposal 5: The SI information is transmitted on both carriers at the same time when the SI is triggered in any of the carriers. 
3 Proposal

We kindly ask the group to discuss the following proposals:
Proposal 1: UE follows Rel-8 SI triggering mechanisms if the secondary carrier is deactivated

Proposal 2:  Non periodic triggering mechanisms are per carrier and the scheduling information is sent on the carrier which triggered the SI.

Proposal 3: For periodic timers:

Proposal 3a: T_SIG and T_SING may be independently configured by the network. If T_SIG configured, there is one T_SIG per activated uplink frequency; and if T_SING is configured, there is one T_SING per activated uplink frequency.
Proposal 3b: Both T_SIG timers share the same value configured by the network, and both T_SING timers share the same value configured by the network. T_SIG and T_SING may be different as in Rel-8.

Proposal 3c: T_SING is evaluated per carrier as in Rel-8 and the Scheduling Information is sent on the carrier which triggered the SI.

Proposal 3d: A T_SIG timer shall be started once the current Serving_Grant variable becomes <> "Zero_Grant" in that carrier and at least one process is activated in that carrier. When the active T_SIG timer expires, the transmission of a Scheduling Information shall be triggered in both carriers if both T_SIG timers were running; otherwise, the SI shall be sent on the carrier whose timer expired.
T_SIG timer shall be restarted when the transmission of a Scheduling Information is triggered in that carrier.
T_SIG shall be stopped and reset once the Serving_Grant variable in the Serving Grant Update function becomes equal to "Zero_Grant" in that carrier or all processes are deactivated in that carrier.
Proposal 4: Introduce the following triggering mechanisms: 

Proposal 4a: The UPH value for a carrier is lower than a certain value and TEBS is larger than zero; 

Proposal 4b: The UPH value for a carrier is larger than a certain value and TEBS is larger than zero;

Proposal 4c: Optional configured – Periodic trigger – The timer is started when the condition above is true and restarted whenever the Scheduling Information is sent. The timer is stopped and reset when the UPH in that carrier is above/below the configured value or TEBS is zero.

Proposal 5: The SI information is transmitted on both carriers at the same time when the SI is triggered in any of the carriers. 
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