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1. Introduction
The Dual-Cell HSUPA work item [1] was approved in the last plenary.
This paper studies the interaction of DC-HSUPA and CPC.
2. Background
In Rel 8, the DC-HSDPA feature was introduced. The interaction with CPC can be summarized by the following:

· DTX is the same as defined in Rel 7

· DRX timing and status is the same for both carriers
· Orders can be received on either carrier, and their scope is for both carriers

The reason DTX was not affected by DC-HSDPA is that there was only one uplink allowed. Even though there were two downlinks allowed  there were not changes for the DRX operation because:
· From the performance point of view, it is always better to have a choice of carriers at the scheduler,

· From the network point of view, it is simpler to deal with one DRX status across carriers, and

· From the UE point of view, the additional impact to dual cell reception carriers was not important.

3. DC-HSUPA and CPC
In Rel 9, we will have two uplink carriers, and the following questions arise:

1. Should the DTX status be the same for both carriers? Does that affect Rel 8 decisions on DRX?

2. Should the parameters for both carriers be the same?

4. DC-HSUPA assumptions
Although Rel 9 work is just starting on DC-HSUPA, it is reasonable to make the basic following assumptions:

1. The two uplinks frames and subframes are time aligned.

2. When we have two uplinks, we also have at least two downlinks.
3. The PA might be the same for adjacent uplinks.
4. In this document, we will look at adjacent downlinks.
5. The uplinks can be operated differently.
6. The uplinks are configured with the same TTI length.
5. DTX status of the two carriers
While the addition of a second downlink did not generate a different DRX behavior per carrier, having a second uplink may result in a different DTX because we have now two uplinks that may not be transmitting at the same time. 
For DC-HSDPA, the impact to other users is limited to the additional interference due to the second set of CQIs and ACKs.

If the DTX status across carriers is the same, a transmission on one carrier may result in unnecessary pilot transmissions on the second carrier. However, maintaining a second uplink even in DTX status is costly to the system if the UE does not have data to transmit. If the UE has data to transmit, it will probably be continuously transmitting.Having the same DTX status on both carrriers will simplify the network implementation as the receiver and transmitter do not have to keep track of two separate state machines. Additionally, the radio design might be simplified if the transmitter does not have to switch between two modes of operation.

For all the above reasons, when two adjacent uplinks are configured with the same TTI length, we propose:

Proposal 1: The 2 uplinks for a DC-HSUPA system have the same DTX status at any time. i.e. they are either both transmitting, or both discontinuing their transmission, in any TTI.
6. DTX/DRX parameterization discussion

6.1. Summary

Assuming an agreement on Proposal 1, Table 1 summarizes a proposed way forward for CPC parameterization in Rel 9.

[image: image1.emf]DC-HSDPA vs SC-HSDPA Unit Range

Carrier A Adjacent Carrier B

(1, 4, 5, 8, 10, 16, 20) 2ms

(1, 5, 10, 20) 10ms

(4, 5, 8, 10, 16, 20, 32, 40, 64, 

80, 128, 160) 2ms

(5,10, 20, 40, 80, 160) 10ms

UE_DRX_cycle Same on both carriers subframes (4, 5, 8, 10, 16, 20)

UE_DTX_DRX_offset Same on both carriers subframes 0.. 159

CQI Feedback cycle, k Same for both carriers ms

(0, 2, 4, 8, 10, 20, 40, 80, 160,16, 

32, 64)

CQI_DTX_Timer

Same for both carriers

Use 1 timer for both carriers

Reset is based on activity on 

either carrier

subframes

(0, 1, 2, 4, 8, 16, 32, 64, 128, 

256, 512, Infinity)

Inactivity_threshold_for_UE_DTX_cycle_2 Uplink, no change E-DCH TTIs (1, 4, 8, 16, 32, 64, 128, 256)

Default SG in DTX Cycle 2 Uplink, no change

(0..37)=E-DCH serving 

grant index; 38 means zero 

grant.

(0..37,38)

Inactivity_threshold_for_UE_DRX_cycle

Same for both carriers

Use 1 timer for both carriers

Reset is based on activity on 

either carrier

subframes

(0, 1, 2, 4, 8, 16, 32, 64, 128, 

256, 512)

UE_DTX_long_preamble Uplink, no change slots (2, 4, 15)

UE_DPCCH_burst_1 Uplink, no change subframes (1, 2, 5)

UE_DPCCH_burst_2 Uplink, no change subframes (1, 2, 5)

Uplink DPCCH slot format information Uplink, no change Enumerated (1, 3, 4)

MAC_Inactivity_threshold Uplink, no change E-DCH TTIs

(1, 2, 4, 8, 16, 32, 64, 128, 256, 

512, Infinity)

(1, 4, 5, 8, 10, 16, 20) 2ms

(5, 10, 20) 10ms

UE_DRX_Grant_Monitoring Uplink, no change Boolean True/False

CPC_Enabling_Delay Uplink, no change Radio Frames 0, 1, 2, 4, 8, 16, 32, 64, 128

Same on both carriers

Same on both carriers

Not discussed

Same on both carriers

Same for both carriers

Uplink, no change

Same for both carriers

Use 1 timer for both carriers

Reset is based on activity on either carrier

Same for both carriers

Same for both carriers

Same for both carriers

UE_DTX_cycle_2 Uplink, no change

Grant_MonitoringA

Inactivity_GrantA

UE_DTX_cycle_1

MAC_DTX_cycle

Inactivity_threshold_for_UE_Grant_Monitorin

g

Uplink, no change

Not discussed

Not discussed

Same for both carriers

Use 1 timer per carrier

Uplink, no change

Same on both carriers

subframes

(0, 1, 2, 4, 8, 16, 32, 64, 128, 

256)

DC-HSUPA vs SC-HSUPA

subframes

subframes

E-DCH TTIs

Same on both carriers

MAC_InactivityA

MAC_cycleA


Table 1 Summary of proposals for DC-HSUPA CPC Parameters
6.2. UE_DTX_cycle_1, UE_DTX_cycle_2
UE_DTX_cycle_1 and UE_DTX_cycle_2 are the most two important parameters for DTX. They determine the Uplink DPCCH burst pattern, which, in turn, determines the how the UE performs the transmissions when it is not discontinuing its transmission on the uplink.

UE_DTX_cycle_1 and UE_DTX_cycle_2 depend largely on the Node B ability to track the UE when it is not transmitting continuously. Thus, it is preferable that they are kept the same across carriers. This will also help simplify the UE operation, the number of parameters and the testing cases.

Indeed, if these parameters are set differently per carrier, we would be forced to have the ability to configure a number of other parameters per carrier. The time required to test all these combinations grows proportionally to the square of number of values these parameters can take.

The UE will be assigned two uplinks when its uplink is in a very good condition and when it has enough data to transmit. In that case, the UE would probably be transmitting all the time. When it is done transmitting, the UE would resume its discontinuous transmission. Eventually, when the conditions above to have two uplinks are gone, the best choice would be to release the second uplink.
Proposal 2: UE_DTX_cycle_1 and UE_DTX_cycle_2 are common across two uplink adjacent carriers.
6.3. UE_DRX_cycle, Inactivity_threshold_for_UE_DRX_cycle
The UE_DRX_Cycle determines the HS-SCCH reception pattern length in subframes.

The Inactivity_threshold_for_UE_DRX_cycle defines the number of subframes after an HS-SCCH reception or after the first slot of an HS-PDSCH reception, during which the UE is required to continuously monitor the HS-SCCHs in the UE’s HS-SCCH set.
We are not addressing these parameters in this contribution.
6.4. UE_DTX_DRX_offset
Uplink DPCCH burst pattern and HS-SCCH reception pattern offset in subframes.

For DC-HSDPA, the UE_DTX_DRX_offset was kept the same across carriers to minimize the impact on the Node B and optimize the UE operation..

We draw the same conclusion for dual cell adjacent uplinks.

Proposal 3: UE_DTX_DRX_offset is common across two uplink adjacent carriers.
6.5. CQI Feedback cycle, CQI_DTX_Timer
For DC-HSDPA, the CQI feedback cycle and the CQI DTX Timer were kept the same across carriers as they allow the Node B to receive the CQI information for both carriers in order to make the appropriate scheduling decisions. Additionally, the HS-DPCCH design influenced this decision.
Although this parameter affects the DTX operation, we will differ addressing these parameters until the HS-DPCCH design is agreed for DC-HSUPA.
6.6. Inactivity_threshold_for_UE_DTX_cycle_2
This parameter defines a number of consecutive E-DCH TTIs without an E-DCH transmission, after which the UE shall immediately move from UE_DTX_cycle_1 to using UE_DTX_cycle_2.
Since we are proposing to have the same DTX cycles per carrier, it is natural that this parameter be kept the same across carriers. However, it is important to note that the timers which determine the UE state (cycle 1 vs cycle 2) will be different as discussed in the previous section. 
Proposal 4: Inactivity_threshold_for_UE_DTX_cycle_2 is common across two uplink adjacent carriers.
6.7. Default SG in DTX Cycle 2

This is the default grant for scheduled transmissions after the UE transitions to using cycle 2.
We do not see a good reason for having different values across carriers.
Proposal 5: Default SG in DTX Cycle 2 is common across two uplink adjacent carriers.
6.8. UE_DTX_long_preamble
This parameter determines in slots the length of the preamble associated with the UE_DTX_cycle_2.
Since we are proposing to have the same UE_DTX_Cycle_2 across carriers, it is natural to have the same UE_DTX_long_preamble for both uplink carriers.

Proposal 6: UE_DTX_long_preamble is common across two uplink adjacent carriers.
6.9. UE_DPCCH_burst_1, UE_DPCCH_burst_2
UE_DPCCH_burst_1 determines the Uplink DPCCH burst length in subframes, when UE_DTX_cycle_1 is applied.
UE_DPCCH_burst_2 determines the Uplink DPCCH burst length in subframes, when UE_DTX_cycle_2 is applied.
Since we proposed UE_DTX_cycle_1 and UE_DTX_cycle_2 to be common across uplink carriers, we propose to make these parameters common as well.

Proposal 7: UE_DPCCH_burst_1 and UE_DPCCH_burst_1 are common across two uplink adjacent carriers.
6.10. Uplink DPCCH slot format information
If DPDCH is configured on one of the carriers , the uplink DPCCH slot format will have to be different 
Proposal 8: Uplink DPCCH slot format information is configurable per uplink carrier.
6.11. MAC_DTX_cycle, MAC_Inactivity_threshold
These parameters are tied to Node B resources, which could be different.
These parameters should be allowed to be settable per carrier.

Proposal 9: MAC_DTX_cycle and MAC_Inactivity_threshold are common across two uplink adjacent carriers.

6.12. UE_DRX_Grant_Monitoring, Inactivity_threshold_for_UE_Grant_Monitoring
This is a Boolean which determines whether the UE is required to monitor the E-AGCH transmissions from the serving E-DCH cell and the E-RGCH from cells in the serving E-DCH radio link set under certain conditions (see 25.214).
These parameters are tied to the scheduling policy per carrier. While these policies could be different, once the receiver is turned on to receive on one carrier, there is minimal impact of an additional reception on the secondary adjacent carrier.
Proposal 10: UE_DRX_Grant_Monitoring and Inactivity_threshold_for_UE_Grant_Monitoring are common across two uplink adjacent carriers.
6.13. CPC_Enabling_Delay
This parameter ensures that the uplink DPCCH and downlink F-DPCH are transmitted continuously for Enabling_Delay radio frames after DTX_DRX_STATUS is set to TRUE.

We don't see a good reason why this parameter should be different per carrier.
Proposal 11: CPC_Enabling_Delay is common across two uplink adjacent carriers.
7. Conclusion

When two adjacent uplinks are configured with the same TTI length, it is proposed to agree on the following:

Proposal 1: The 2 uplinks for a DC-HSUPA system have the same DTX status.

Proposal 2: UE_DTX_cycle_1 and UE_DTX_cycle_2 are common across two uplink adjacent carriers.
Proposal 3: UE_DTX_DRX_offset is common across two uplink adjacent carriers.
Proposal 4: Inactivity_threshold_for_UE_DTX_cycle_2 is common across two uplink adjacent carriers.
Proposal 5: Default SG in DTX Cycle 2 is common across two uplink adjacent carriers.
Proposal 6: UE_DTX_long_preamble is common across two uplink adjacent carriers.
Proposal 7: UE_DPCCH_burst_1 and UE_DPCCH_burst_1 are common across two uplink adjacent carriers.
Proposal 8: Uplink DPCCH slot format information is configurable per uplink carrier.
Proposal 9: MAC_DTX_cycle and MAC_Inactivity_threshold are common across two uplink adjacent carriers.
Proposal 10: UE_DRX_Grant_Monitoring and Inactivity_threshold_for_UE_Grant_Monitoring are common across two uplink adjacent carriers.
Proposal 11: CPC_Enabling_Delay is common across two uplink adjacent carriers.
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