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1
Introduction
A work item on dual-cell HSUPA was recently introduced in [1]. A few agreements were made with regard to this work item in the last RAN WG1 meeting (#56-bis) as captured in [2]. In this document, we address the issues pertaining to CPC configuration for DC-HSUPA.

2
Background
In Rel 8, the CPC configuration for DC-HSDPA feature was considered. It was determined that the DRX states and parameters would be same for both the downlink carriers. The UL DTX operation was not affected since only a single uplink was configured. HS-SCCH orders for changing the CPC states could be received on either carrier and their scope was specified to be common for both carriers.
The choice of the maintaining the same DRX states across both carriers was made primarily due to simplicity. Since the number of parameters needed for CPC operation is significant, it also seemed that specifying a common set of parameters was the prudent way forward. Additionally, a common DRX state did not impact the flexibility of the scheduler and the gains obtained due to the dual carrier configuration were still significant. 
The main considerations for CPC configuration for DC-HSUPA are whether the parameters and the states are common across the two uplink carriers. To identify a suitable way forward, we assume the following with respect to DC-HSUPA operation:

· When two uplinks are configured, there are two downlink carriers configured as well.

· The frames and subframes are time aligned for both carriers.

· A single PA is used for adjacent uplink carriers.

· The uplinks are configured with the same TTI length.
· The HS-DPCCH channel is assumed to be transmitted only on the primary carrier.
Additionally, the following design constaints need to be considered for CPC consideration

· There are little battery savings when transmissions occur on only one of the two carriers when compared with transmissions on both carriers.
· It is desirable to limit the interference caused due to DPCCH transmissions on the secondary carrier in the absence of any data especially if these transmissions are caused by DPCCH bursts on the primary carrier.

3
CPC Configuration for DC-HSUPA
Since the loading patterns on the two uplinks carriers may be different, it is expected that the grants for the two carriers may be different. Others factors also influence the transmissions on the two carriers including the amount of data to be transmitted and the channel conditions per carrier. Note also that transmission of the HS-DPCCH could cause more DPCCH bursts on the primary carrier. These considerations, along with the design goal of minimizing unncessary interference on the uplink, dictate that the DTX states be defined per carrier. It is therefore proposed that the DTX state be enabled and disabled via HS-SCCH orders on a per-carrier basis. 
However, since it is desirable to ensure overlap of the DPCCH bursts on the two carriers, the CPC parameters for the most part need to be common for both carriers. Each parameter setting is considered briefly in the following.
UE_DTX_cycle_1, UE_DTX_cycle_2

UE_DTX_cycle_1 and UE_DTX_cycle_2 determine the Uplink DPCCH burst pattern and the UE transmission patterns in CPC state. Based on the available data, it is conceivable that the primary carrier follows UE_DTX_cycle_1 while the secondary carrier follows UE_DTX_cycle_2. Consequently, the states on the two carriers may be different. However, the parameter values for the two carriers can be the same as this would ensure overlap of the DPCCH bursts.

UE_DRX_cycle, Inactivity_threshold_for_UE_DRX_cycle

The UE_DRX_Cycle determines the HS-SCCH reception pattern length in subframes and 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. In Rel 8, these parameters were kept the same across carriers and we do not see a compeling reason to change this conclusion for DC-HSUPA.

UE_DTX_DRX_offset

This parameter specifies the offset between the Uplink DPCCH burst pattern and HS-SCCH reception pattern in subframes. It is essential that this parameter be identical for both carriers. Different offsets would imply that the DPCCH burst timings would be different across the carriers and would thus significantly affect any CPC gains

CQI Feedback cycle, CQI_DTX_Timer

Under the assumption that a single HS-DPCCH channel would be used for DC-HSUPA, the design of the CQI field in the channel would be identical to Rel-8. Therefore, we consider that these parameters would be configured similar to Rel-8. 
Inactivity_threshold_for_UE_DTX_cycle_2

This parameter specifies the number of consecutive E-DCH TTIs without an E-DCH transmission after which the UE shall move from UE_DTX_cycle_1 to UE_DTX_cycle_2. Since both carriers are essentially identical where data transmissions are concerned, it seems that maintaining the same threshold for both carriers would simplify implementation and signalling.
Default SG in DTX Cycle 2

This is the default grant to be used after the UE transitions to using UE_DTX_cycle_2. Since the carriers would statistically appear to be the same for data transmissions, this parameter could be common across the two carriers.
UE_DTX_long_preamble

This parameter determines in slots the length of the preamble associated with the UE_DTX_cycle_2. If the UE_DTX_Cycle_2 parameter would be common across the two carriers, it is only natural to set a common value for this parameters across the two carriers.

UE_DPCCH_burst_1 and UE_DPCCH_burst_2

UE_DPCCH_burst_1 determines the Uplink DPCCH burst length in subframes, when UE_DTX_cycle_1 is applied and UE_DPCCH_burst_2 determines the Uplink DPCCH burst length in subframes, when UE_DTX_cycle_2 is applied. 

If the UE_DTX_cycle_1 and UE_DTX_cycle_2 are set to be common across both the uplink carriers, we propose to make these parameters common as well.

Uplink DPCCH slot format information

This parameter depends on whether DPDCH can be configured on the one of the carriers (perhaps the primary). If so, then the slot format would be different for the two carriers. If DPDCH is not configured in DC-HSUPA mode, then the slot formats are identical. 
MAC_DTX_cycle, MAC_Inactivity_threshold

These parameters are used to ensure efficient utilization of the Node B resources per carrier. It is possible that optimizations could be made on a per carrier basis depending on loading and data transmission requirements. Therefore, these parameters could potentially be set independently although, a common configuration would provide the simplest way forward. 
UE_DRX_Grant_Monitoring, Inactivity_threshold_for_UE_Grant_Monitoring

These parameters determine 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. These parameters are tied to the scheduling policy per carrier. Since we do not see a compelling reason for different scheduling policies for each carrier, we propose that these parameters are also common across the two carriers.  
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. Since, data availability affects both carriers; this paramter could also be identical for both carriers.
4
Summary

Table 1 summarizes a proposed way forward for CPC parameterization for DC-HSUPA. The second column indicates the CPC parameter settings in Rel.8 due to the introduction for DC-HSDPA. The Third column indicates the parameter settings for DC-HSUPA as a proposed way forward. Columns four and five indicate the unit and the range of each parameter considered.
Table 1: Summary of CPC Parameters for DC-HSUPA
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Unit Range

(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

UE_DTX_cycle_2 Uplink, no change

Same for both carriers

Same for both carriers

UE_DTX_cycle_1

MAC_DTX_cycle

Inactivity_threshold_for_UE_Grant_Monitori

ng

Uplink, no change

Same for both carriers

Same for both carriers

Use 1 timer for both carriers

Reset is based on activity on either carrier

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

256)

DC-HSUPA vs SC-HSUPA

subframes

subframes

E-DCH TTIs

Same on both carriers

Same on both carriers

subframes

Same for both carriers

Independent Settings per Carrier

Independent Settings per Carrier

Same for both carriers

Use 1 timer per carrier

Uplink, no change

Same for both carriers

Use 1 timer for each carrier

Reset is based on activity on the 

corresponding carrier

Same for both carriers

Same for both carriers

Same for both carriers

Same for both carriers

Same for both carriers

Same for both carriers

Same for both carriers

Uplink, no change


5
Conclusion

In this contribution, the interaction of CPC with DC-HSUPA was considered. Maintaining overlapping UL transmissions on both carriers and minimizing unnecessary transmissions were stated to be desired design goals. 
It is proposed that the CPC parameters on each uplink carrier be common for both carriers for the most part. Furthermore, it is proposed that the individual CPC states can be independently maintained on each carrier. 
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