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1.
Introduction
This document discusses the interaction of CPC features, Uplink DTX, Uplink DRX and downlink DRX relationship to the Dual-Carrier HSUPA.

As a reminder of the abovementioned CPC features a reader is referred to the HSDPA stage 2 specification [2]:

In FDD the discontinous transmission and reception is a configuration of CELL_DCH state, when F-DPCH is configured without DCH configured in Downlink or Uplink, where the resources are allocated but discontinuous uplink DPCCH transmission (Uplink DTX) and discontinuous downlink reception (Downlink DRX) are possible during data inactivity. One of the options of the Uplink DTX also allows the Node B to DRX (Uplink DRX), by restricting the starting points of new data transmission after inactivity by the UE. 
For Release 8 DC-HSDPA operation interaction with DL DRX had to be considered. The decision was that the DL DRX state machine is common over two carriers. The main motivators for this decision were:

1) The Rx power savings are not really available when the RF parts need to be active and assuming single wideband receiver leads to the fact that if one of the two carriers needs to be monitored the difference to monitoring two carriers is small.

2) The Node B scheduling flexibility and thus potential for exploiting frequency domain scheduling gains is kept. The first transmission can always be done in either of the two carriers and the subsequent traffic can continue on one of the carriers regardless of in which carrier the DRX disabling packets were sent.

3) Simplicity, maintaining just one set of timers and one state machine was considered simpler, which is of significant importance especially in the context of CPC, as it needs a vast number of timers and parameters to operate.
2.
UL DTX, UL DRX and DC-HSUPA

2.1
Background
The main question related to UL DTX interaction with DC-HSUPA is the level of linkage between the DTX state machine operations in the two carriers. Below a schematic figure from [1] on the UL DTX operation is depicted.
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Figure 1: Example for UL DPCCH discontinuous burst pattern for 2ms E-DCH TTI [1]
The UL DTX and UL DRX (MAC DTX) operations are configured with the following parameters as defined in sections 10.3.6.34a and 10.3.6.34b of the RRC specification [2].
	Parameter Name
	Description

	UE DTX cycle 1
	Uplink DPCCH burst pattern length in subframes during UE DTX Cycle 1.

	UE DTX cycle 2
	Uplink DPCCH burst pattern length in subframes during UE DTX Cycle 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.

	UE DTX DRX Offset
	Offset of the DTX and DRX cycles at the given TTI.

	UE DTX long preamble length
	Determines in slots the length of the preamble associated with the UE DTX cycle 2.

	Enabling Delay
	Ensures that the uplink DPCCH and downlink F-DPCH are transmitted continuously for Enabling_Delay radio frames to speed up the UL synchronization acquisition.

	Inactivity Threshold for UE DTX cycle 2
	The number of consecutive E-DCH TTIs without an E-DCH transmission, after which the UE shall move from UE DTX cycle 1 to using UE DTX cycle 2.

	Default SG in DTX Cycle 2
	Serving Grant value to be used at the transition in UE DTX Cycle 2

	MAC DTX cycle
	Defines the pattern of time instances where the start the uplink E-DCH transmission after inactivity is allowed.

	MAC Inactivity Threshold
	E-DCH inactivity time after which the UE can start E-DCH transmission only at given times.


For the sake of discussion the following timers are introduced even though they are not named in the Release 7 specifications:

	Timer Name
	Description

	E-DCH inactivity timer
	The timer counting the physical layer inactivity. When there has been no E-DCH initial transmissions or retransmissions for the duration of Inactivity Threshold for UE DTX cycle 2 the UE will move to UE DTX cycle 2

	MAC inactivity timer
	The timer counting the MAC layer inactivity. When there has been no E-DCH initial transmission for the duration of MAC Inactivity Threshold TTIs the MAC restricts the start of E-DCH transmission only to known times.


A few relevant design points to be kept in mind are:
· Assuming a single power amplifier in the UE over both carrirers it is apparent that sending the DPCCH burst on one carrier consumes similar amount of battery power as if the DPCCH burst was sent on both carriers simultaneously

· Similarly, if the DPCCH bursts occur at different times on different carriers the power consumption is doubled

· The purpose of the UL DPCCH burst is to maintain link synchronization and power control loops.

· If UL DRX is not configured, the Node B needs to seek for the UL DPCCH constantly to see if the UE resumes data transmission.

· The Node B can rely on the fact that the UL DPCCH will always be transmitted at the known predefined DPCCH burst timing.
· The UL DRX periodicity was set to have a relatively small 40 ms maximum value to ensure that the SRB is never delayed too much.

2.2
UL DTX and UL DTX operation together with DC-HSUPA 

Given the fact that the UL DPCCH bursts should not take place at different times in order to maintain the best possible power saving performance in the UE it seems apparent that at least some of the DTX parameters should be common across carriers.
The UE DTX cycles 1 and 2 as well as the UE DTX DRX Offset should be common across the carriers in order to ensure overlap of the DPCCH bursts when burst on both carriers are sent. One could consider longer DTX cycles on one of the two carriers as long as they are multiples of the other carrier DTX cycles. The practical benefit of this over completely shutting down an unused carrier and enabling the release of the Node B resources seems somewhat unclear as the Node B would still need to continuously seek for possible DPCCH transmissions and the only practical saving would be the DPCCH burst incurred interference.
UE DPCCH burst1 and 2 could be considered to be independent, but as they are supposed to achieve the same thing – maintaining power control loop and synchronization and thus the same requirements should apply to both. So, no clear justification for enabling different burst lengths for different carriers exist.

UE DTX long preamble length falls into the same category as the UE DPCCH burst lengths; the sensible choice would be to make it common.

Enabling Delay could be seen as something needed for one of the two carriers only, but it seems unnecessary to optimize this behaviour and cause additional behavioural complexity when the already existing Rel-7 functionality could be just copied and the same parameter setting used for both carrier.

Default SG in DTX cycle 2 could be considered something that is specific to a carrier loading situation and thus an individual default grant could be signalled to each carrier.

MAC DTX cycle and MAC Inactivity Threshold could in its simplest form be common for both carriers as well as the inactivity timer counting for carriers inactivity. However it we’d allow restricting e.g. voice or SRB to one carrier only then the longer inactivity thresholds on the other carrier could be considered. This would facilitate Node B resource saving on the carrier that sees longer periods of data inactivity and less delay sensitive packets than SRB or conversational.
	Parameter name
	Common to both carriers
	Explanation

	UE DTX cycle 1
	Yes
	Ensures that the DPCCH bursts will take place at the same time if sent on both carriers and maintains as maximum implementation commonality in handling the two carriers.

	UE DTX cycle 2
	
	

	UE DPCCH burst_1
	
	

	UE DPCCH burst_2
	
	

	UE DTX DRX Offset
	
	

	UE DTX long preamble length
	
	

	Enabling Delay
	
	

	Inactivity Threshold for UE DTX cycle 2
	
	

	Default SG in DTX Cycle 2
	Yes/No
	As a baseline should consider the same default SG for both carriers. Could consider also carrier specific default SG if benefit identified, else should be common.

	MAC DTX cycle
	Yes/No
	As a baseline should consider the same MAC DTX cycle for both carriers. Could also consider having a longer cycle for one of the two carriers as long as the delay sensitive traffic like SRB can use the carrier with a shorter MAC DTX cycle

	MAC Inactivity Threshold
	Yes/No
	As a baseline should consider the same MAC DTX cycle for both carriers.


The timers counting inacitivity in the two carriers should be independent. This enables releasing some of the Node B receiver resources in the event that there is only traffic related to MAC-d flows restriced to one of the two carriers and facilitates more efficient UL DRX. It also enables that the Release 7 implementation of the CPC receivers can be duplicated in the Node B.

	Timer Name
	Common for both carriers
	Explanation

	E-DCH inactivity timer
	No
	Enables fully reusing the Release 7 CPC implementation in the Node B receiver, when there is no need to introduce fast low level communication link between the receivers handling the two radio links

	MAC inactivity timer
	No
	Assuming that we would for a while only need traffic on one carrier it would be convenient to be able to release the resources of the other carrier. Full reuse of Release 7 CPC implementation would be possible in the Node B.


3.
DL DRX

The DL DRX operation was designed to work together with DC-HSDPA in Release 8 and the introduction of second uplink does not call for further modifications. It simply needs to be ensured that the DL signalling will be monitored from both carriers if applicable.
4.
Conclusion

In this contribuition the interaction of CPC features Uplink DTX, MAC DTX and DL DRX with DC-HSUPA were looked at. The document proposes for a baseline consider the same CPC parametrization to apply to both carriers, but with carrier specific inactivity timers. In addition further optimizations for Default SG in DTX Cucle 2, MAC DTX cycle and MAC Inactivity Threshold could be considered.
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