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1
Introduction

This document reiterates the basic uplink DPCCH gating concept associated with the downlink DRX. The purpose of the document is to further elaborate the functionality of the feature set as well as take a brief look at the signalling needs related to it. 
2
Definitions
The CPC mode is a configuration of the CELL_DCH state where the resources are allocated (e.g., F-DPCH, PDP context,…) but where it is possible to transmit and receive discontinuously (i.e., only in a subset of UL and DL sub-frames) during data inactivity, but also continuous operation is possible (i.e., all sub-frames may be used) whenever needed. Data transmission start times after inactivity may be restricted. CPC mode is sufficient especially for the light exchange of data (e.g. VoIP), or during inactive data transfer periods. 
The UE can revert to the continuous UL transmission autonomously and instantaneously if more data arrives to the transmission buffer. The Node B has a fast mechanism to revert to the continuous DL transmission. From the continuous transmission, the UE and Node B can autonomously and instantaneously revert to discontinuous UL and DL transmission.

In the following, “Active” will refer to the operation of the HSPA channels as defined in Rel-6.  
3
Transition in and out of the CPC mode
3.1
From Active rel’6 mode to CPC mode
The trigger to go from a rel’6 mode to a CPC mode could be light or no traffic load of user data, or any discontinuous user data transmission. UTRAN knows the UE DL data activity on status of UE’s data queue and the UE UL data activity on the received data and from buffer status reports. 

RNC commands the UE to transition to the CPC mode and specifies the CPC parameters when enabling the CPC mode. Parameters for CPC mode configuration: 

The following parameters are updated based on the submitted CRs.

· UE_DTX_cycle_1 : 
· 1, 4, 8, 16, 32, 64 or 128 E-DCH TTIs for 2ms TTI 
· 1, 2, 3, 4, 8, 16 or 32 E-DCH TTIs for 10ms TTI
· UE_DTX_cycle_1 <= UE_DTX_cycle_2 
· UE_DTX_cycle_2 : 
· 1, 4, 8, 16, 32, 64 or 128 E-DCH TTIs for 2ms TTI 
· 1, 2, 3, 4, 8, 16 or 32 E-DCH TTIs for 10ms TTI
· UE_DRX_cycle: 
· 1, 4, 8, 16, 32, 64 or 128 sub-frames for 2ms TTI 
· 1, 5, 10, 15, 20 or 25 sub-frames for 10ms TTI
· UE_DRX_cycle <= UE_DTX_cycle_2 
· UE_DTX_preamble_length_1 : 0..15 slots
· UE_DTX_preamble_length_2 : 0..15 slots
· UE_DTX_postamble
: 0..1 slots

· UE_DTX_DRX_offset: 0..15 E-DCH TTIs
· inactivity_threshold_for_UE_DTX_cycle_2: 0,  4, 8, 16, 32, 64, 128, 256 or 512 E-DCH TTIs
· inactivity_threshold_for_UE_DRX: 0, 1, 2, 4, 8, 16, 32, 64, 128, 256 or 512 E-DCH TTIs
· CPC_activation_timer: 0…8 CFNs
· UE_ETA: 
· 1, 2, 3, 4, 8,16, 32, 64, 128 E-DCH TTIs
· UE ETA Offset: 0..15 
· inactivity-threshold_for_ETA0, 1, 2, 4, 8, 16, 32, 64, 128, 256 or 512 E-DCH TTIs
3.2
From CPC mode to Active rel’6 mode
RNC commands the UE to transition from the CPC mode to the Active rel’6 mode. The reasons to go from a CPC mode to Active rel’6 mode could be e.g. 

· Synchronisation procedure A or B

· All Node Bs in the active set do not support CPC  

Note that it is not necessary to disable CPC mode for system congestion / scheduler performance or resource increasing reasons, but only to reconfigure CPC mode, since continuous data and control transmission, i.e., the rel’6 operation is possible during CPC by setting parameters: UE_DTX_cycle_1 = UE_DTX_cycle 2 = 1, UE_ETA = 1.  
Note that also during CPC mode continuous transmission is possible:

· With any CPC parameters, continuous E-DCH transmission is possible automatically if the UE has enough data to transmit continuously, and DRX may be automatically disabled by continuous DL transmission.
· By setting parameters e.g. to UE_DTX_cycle_1 = 1, inactivity threshold for UE_DTX_cycle_2 = inactivity_ threshold_for_UE_DRX = inactivity_threshold_for_ETA = 16, the UE_DTX_cycle_2 and UE_ETA would be applied only after 32ms (in case of 2ms TTI) or 160ms (in case of 10ms TTI) inactivity both in uplink and in downlink and otherwise the transmission and reception would be as in rel’6
4
Operation during the CPC mode
The UE can change autonomously between the two configured DTX cycles. UE_DTX_cycle_1, UE_DTX_cycle_2 and UE_DTX_DRX_offset define DPCCH transmission pattern and downlink required reception time pattern that start at the sub-frame indicated by the CPC activation timer in the configuration message. 

4.1
DTX 

When the UE is not transmitting data (on E-DCH) or HS-DPCCH, but it has transmitted data (on E-DCH) during previous inactivity_threshold_for_UE_DTX_cycle_2 TTIs, the UE shall not transmit DPCCH except only in one sub-frame every UE_DTX_cycle_1 E-DCH TTIs. If the UE has not transmitted E-DPCCH during the last inactivity_threshold_for_UE_DTX_cycle_2 E-DCH TTIs, the UE shall not transmit DPCCH except only in one sub-frame every UE_DTX_cycle_2 E-DCH TTIs. The UE shall DTX if it does not have any data to transmit and when no DPCCH or HS-DPCCH transmission is defined. UTRAN knows the minimum set of transmitted DPCCH slots and thus, the impact of DPCCH search at the Node B is minimized. 
DPCCH is also transmitted whenever E-DPCCH/E-DPDCH or HS-DPCCH are transmitted. UE_DTX_cycle_1 and UE_DTX_cycle_2 define only the DPCCH DTX during the E-DPCCH/E-DPDCH and HS-DPCCH inactivity, and have no impact on the E-DPCCH/E-DPDCH or HS-DPCCH ACK/NACK transmissions. CQI on HS-DPCCH is transmitted in the HS-DPCCH sub-frames where ACK/NACK is transmitted and when CQI reporting period defined transmission overlaps with DPCCH transmission.
TPC commands on F-DPCH are transmitted and received only as response for the actually received and transmitted UL DPCCH slots respectively. In addition, in order to ensure enough F-DPCH slots to be received by the UE for F-DPCH quality measurements for out-of-synch detection, the F-DPCH is always transmitted according to DTX_cycle_1 pattern defined DPCCH transmission slots, even when DTX_cycle_2 is used for the UL DPCCH transmission (and thus, sometimes there may be F-DPCH transmitted even there was DTX in the corresponding UL DPCCH slot). However, UE must not use the received commands in F-DPCH slots corresponding to a UL DPCCH transmission gap for UL power control, but only for F-DPCH quality measurements for out-of-synch detection and F-DPCH outer loop power control.
Also e.g. a one slot long preamble to precede E-DCH transmission after transmission gap could be defined. The preamble usage is defined separately for UE_DTX_cycle_1 and UE_DTX_cycle_2 with UE_DTX_preamble_length_1 and UE_ DTX_preamble_length_2. A one slot long postamble can also be configured to be used with DTX postamble. 

Figure 1 shows an example of DPCCH transmission during CPC with 2ms TTI and; 
· UE_DTX_cycle_1 = 4 TTIs, 
· UE_DTX_cycle_2 = 8 TTIs, 
· inactivity_ threshold-for_DTX_cycle_2 = 4 TTIs, 
· UE_DTX_DRX_offset = 1 TTI, 
· UE_DTX_preamble_length_1 = 0 slots,

· UE_DTX_preamble_length_2 = 3 slots and 
· UE_DTX-postamble = 0 slots.
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Figure 1: An example of DPCCH transmission during CPC, 2ms E-DCH TTI.

Figure 2 shows an example of DPCCH transmission during CPC with 10ms TTI and;

· UE_DTX_cycle_1 = 1 TTI, 
· UE_DTX_cycle_2 = 2 TTIs, 
· inactivity_ threshold-for_DTX_cycle_2 = 4 TTIs, 
· UE_DTX_DRX_offset = 0 TTIs, 
· UE_DTX_preamble_length_1 = 0 slots,

· UE_DTX_preamble_length_2 = 3 slots,

· UE_DTX_postamble = 0 slots.
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Figure 2: An example of DPCCH transmission during CPC, 10ms E-DCH TTI.
4.2
Uplink DRX 
The UE is allowed to start transmissions on pre-configured sub-frames defined by E-DCH transmission start time (UE_ETA). Whenever the UE transmits one E-DCH TTI the UE can use subsequent TTIs for E-DCH transmission as long as its transmission is continued (re-started) within inactivity_threshold_for_ETA TTIs, and in addition the pending retransmissions can be done in the corresponding HARQ processes (retransmission times are not impacted by ETA).

Note that E-DCH transmission start time and continuation are independent from the DPCCH DTX. However, the parameters can be jointly defined to optimize the achievable gains. This could be beneficial for the Node B resource saving. In some occasions a more frequent DPCCH cycle may be desirable, but the E-DCH reception resources could be spared.
Figure 3 shows an example of DPCCH transmission and E-DCH transmission start time after inactivity during CPC with 2ms TTI and UE_DTX_cycle_1 = 4 TTIs, UE_DTX_cycle_2 = 8 TTIs, inactivity_threshold_for_UE_DTX_cycle_2 = 4 TTIs, UE_DTX_DRX_offset = 1 TTI, UE_DTX_preamble_length_1 = 0 slots and UE_DTX_preamble_length_2 = 3 slots, UE_DTX_postamble = 0 slots, inactivity_threshold_for_ETA = 1 TTI and UE_ETA = 2 TTIs.
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Figure 3: An example of DPCCH transmission and E-DCH transmission start time after inactivity during CPC.
4.3
Downlink DRX 
UE is not required to DRX, but it is allowed to DRX by restricting the required DL reception times. Allowed DRX times and required DL reception times would be configured by RNC through UE_DRX_cycle and inactivity_threshold_for_UE_DRX parameters. In addition, Node B could control the DRX status with L1 signalling. 
When DRX is enabled by Node B during CPC mode, the UE will be able to ignore DL sub-frames and slots defined with UE_DRX_cycle, inactivity_threshold_for_UE_DRX and with additional rules for different channels, when DRX has been enabled by Node B. 
The UE_DRX_cycle defines the required reception times for HS-SCCH: HS-SCCH reception pattern is the set of HS-SCCH sub-frames that start the closest in time to the start of each sub-frame in the mirror uplink DPCCH pattern. Required DL reception time is always at least one HS-SCCH sub-frame during each UE_DRX_cycle. In case HS-DSCH has been received, HS –SCCH reception is required to continue until inactivity_threshold_for_UE_DRX sub-frames after each received HS-DSCH sub-frame.  
F-DPCH slots reception is required for each F-DPCH slot corresponding to any transmitted UL DPCCH slots. These required reception times are known by the UE implicitely from the uplink transmission and from the UE_DTX_cycle_1.

Normal DL reception of the appropriate channels is required at the UE also whenever there is E-HICH transmission corresponding to an E-DCH TTI transmitted in the uplink or F-DPCH transmission corresponding to a transmitted UL DPCCH slot or an ongoing RG/AG transmission. These required reception times are known by the UE implicitely from the uplink transmission.

When the discontinuous downlink reception is enabled by higher layers, the downlink reception of E-AGCH and E-RGCH sets is not required, except if it can affect UE UL transmissions.
The trigger to stop DRXing could be heavy traffic load of user data (high data rate used in the transmission, or many consecutive transmission possibilites are used), heavy cell load or soft handover. DRX can be stopped and restarted by the UE autonomously in case of heavy traffic load of user data, i.e., no signalling is needed, since the reception is required to continue until inactivity_threshold_for_UE_DRX sub-frames after each received HS-DSCH sub-frame. During SHO, DRX can be disabled by the RNC by setting DRX cycle =1. The Node B can command the UE to exit the DRX mode in case of heavy cell load by using a L1 order after which the UE will have to decode every HS-SCCH sub-frame. 

5
Conclusions

A basic operation of UL DPCCH gating with DL DRX was described. This operation is proposed to be taken as basis for defining the Continuous Packet Connectivity feature.
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