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1
Introduction

The RAN plenary #37 opened a work item for Enhanced UE DRX for FDD [1], where one of the areas to investigate was stated to be: “Introducing support for an enhanced DRX method to CELL_DCH state in addition to the one provided in Release 7.”
One such proposal for enhancing the CELL_DCH DRX was outlined in [2] in RAN1#50 and is further discussed in this contribution.
2
Discussion
2.1
Background
The 3GPP introduced DRX mechanism for HSDPA as a part of the Continuous Packet Connectivity feature set in 3GPP Release 7. The Annex A quotes the stage 2 description of the feature [3]. The basic functionality is such that if downlink has been inactive for a given (configurable) duration the DL transmission may only start at predefined HS-DSCH subframes. Furthermore the arrangement of the specification is such that the Node B may transmit at one HS-DSCH subframe within a given (configurable) DRX cycle.
The group decided to limit the maximum DRX cycle length to 40 ms as opposed to maximum DTX cycle length of 320 ms in order to guarantee that the possible DL RRC messages are not overly delayed and thus would not adversely affect e.g. mobility related procedures. It is further noted that even though the uplink DTX cycle is applied in two stages, first a shorted cycle may be applied and with continued inactivity the longer DTX cycle is taken in use. The DL DRX operation is one staged only; either the reception is continuous or the one configured DRX cycle is applied.

2.2
Motivation
The justifications used while defining the Release 7 DRX scheme are still valid and especially applicable to conversational-like services. However, given a fact that every effort should be taken to improve the battery life of the devices when data connections are used, we are revisiting the specified DRX functionality and proposing to discuss a possibility to extend the DRX scheme beyond what is possible with the Release 7 specifications. It is further foreseen that the longer DRX cycles are rather beneficial for PS data traffic that is leading the UE to sit in the CELL_DCH state with prolonged periods of inactivity rather than being beneficial or even applicable to e.g. conversational or interactive voice or video services. Furthermore it can be expected that the neighbouring cell measurement performance is somewhat degraded, but an easy solution to this would be e.g. to not apply the longer DRX cycle while the UE is in soft handover.
3
Proposed addition to Release 7 DRX scheme
In order to add more adaptivity to DRX patterns in CELL_DCH state an additional DRX cycle could be added to complement the already existing UE DRX cycle. This would form a shorter and a longer DRX cycle and the data recend data activity would define which one is used, of if a continuous reception is applied. 

For clarity let DRX cycle 1 correspond to the UE DRX cycle defined in Rel-7 and the DRX cycle 2 correspond to the proposed new DRX cycle that would be longer than the DRX cycle 1.
The UE would move from continuous reception to DRX cycle 1 as defined in Release 7, and further move to DRX cycle 2 only from DRX cycle 1 if the DL is inactive even longer a duration and in addition the UL is also inactive.
When the UE is applying DRX cycle 2 and it has something to send in UL it could move to the DRX cycle 1 and if there is data in downlink it moves to continuous reception. Figure 1 presents this procedure.
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Figure 1 DRX cycle transitions in CELL_DCH state.
The motivation to link the moving from DRX cycle 2 to DRX cycle 1 with UL activity is the fact that all mobility related DL signalling is preceded by a measurement report sent in the uplink. Thus the transmission of an urgent DL mobility message in the DL can always take place as in Release 7 if the inactivity timer for moving the UE back to DRX cycle 2 is long enough to accommodate the network reaction delay to a measurement report.

Furthermore it seems sensible to consider the same value range for DRX cycle 2 that is currently applicable for DTX cycle 2. A longer DRX cycle would make little sense as the UE must anyway be receiving the DL when it is transmitting the UL DPCCH burst in the uplink as defined by the DTX cycle. Whether the reception window would be of only one HS-DSCH subframe as is the case in Rel-7 DRX, or if the reception window would be multiple consecutive HS-DSCH subframes is subject to further study.
4
Conclusion
In this contribution background and motivation for a second, longer DRX cycle to be applied for inactive PS connections dwelling in CELL_DCH state. In addition the actual scheme of how to introduce the change was outlined. A more detailed proposal of how this could be adopted in TS25.214 is outlined in Annex B. The Annex B assumes a reception window of a single HS-DSCH subframe in both DRX cycles.
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Annex A:
Stage 2 description of DL DRX in 3GPP Rel-7 [3]

11.2
Downlink DRX

The downlink DRX is configurable by the RNC and allows the UE to restrict the downlink reception times. Note that UE is also allowed to receive continuously; discontinuous reception is not required even if it would be configured. Nevertheless, the Downlink DRX cannot be configured without an Uplink DTX configuration as specified in subclause 11.1.

When the discontinuous downlink reception is enabled, the UE is not required to receive physical downlink channels, except if any of the following conditions apply:

1.
The UE has received DRX de-activation that was not followed by a DRX activation 

2.
The UE shall receive E-HICH (sub-)frame corresponding to an E-DCH transmission.

3.
The UE shall receive an HS-SCCH subframe due to the HS-SCCH reception pattern.

4.
The UE shall receive an HS-PDSCH subframe due to correctly received HS-SCCH 

5.
The UE has detected an E-AGCH or an E-RGCH subframe transmission from cell(s) in the serving RLS during the required HS-SCCH reception time and the UE still needs to decode the rest of the E-AGCH or E-RGCH frame.

6.
The UE has received an HS-SCCH or an HS-PDSCH subframe during the last Inactivity_Threshold_for_UE_DRX_cycle subframes.

7.
The UE has sent scheduled E-DCH transmission during Inactivity_Threshold_for_UE_Grant_Monitoring and/or has scheduled data in the buffer for transmission.

The HS-SCCH reception pattern is defined in such a way that the UE must receive one HS-SCCH sub-frame every UE_DRX_cycle sub-frames. The HS-SCCH reception pattern can be offset using UE_DTX_DRX_Offset so that different UEs have the HS-SCCH reception phase at different times.

The serving Node B can command the UE to disable (respectively re-enable) the discontinuous downlink reception and revert back to continuous downlink reception by using a specific HS-SCCH- command (Operation in SHO is FFS).
The HS-SCCH reception pattern is illustrated by Figure 11.2-1 for a 2 ms TTI E-DCH. The grey subframes correspond to the HS-SCCH reception pattern UE_DRX_cycle=4. The HS-SCCH discontinuous reception radio frame is 10 ms long independently from E-DCH TTI and it is indexed using CFN_DRX. The HS-SCCH discontinuous radio frame is divided to five HS-SCCH subframes are numbered S_DRX=0 to S_DRX=4. S_DRX defines the HS-SCCH reception timing as defined in [4].
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Figure 11.2-1: Example for HS-SCCH reception pattern, 2ms E-DCH TTI 

The HS-SCCH reception pattern is illustrated by Figure 11.2-2 for a 10 ms TTI E-DCH. The grey subframes correspond to the HS-SCCH reception pattern UE_DRX_cycle=5.
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Figure 11.2-2: Example for HS-SCCH reception pattern, 10ms E-DCH TTI 

Furthermore, there should be no impact to the UE mobility since the UE cannot DRX if it is required to perform measurements as specified in [TS25.331]

Annex B:
Outline of changes to TS25.214

6C
Discontinuous transmission and reception procedures

Whether discontinuous uplink DPCCH transmission operation or discontinuous downlink reception operation are applied is determined by the settings of UL_DTX_Active and DL_DRX_Active as follows:

UL_DTX_Active shall be set to TRUE while UE_DTX_DRX_Enabled is TRUE and discontinuous uplink DPCCH transmission is activated. Otherwise, UL_DTX_Active shall be set to FALSE. 

Discontinuous uplink DPCCH transmission shall be activated at the time when UE_DTX_DRX_Enabled is set to TRUE, and may be further deactivated or activated by layer 1 HS-SCCH orders (see section 6C.4).

DL_DRX_Active shall be set to TRUE while UE_DTX_DRX_Enabled is TRUE and UL_DTX_Active is TRUE and discontinuous downlink reception is activated. Otherwise, DL_DRX_Active shall be set to FALSE. 

Discontinuous downlink reception shall be activated at the time when DTX_DRX_Enabled is set to TRUE, and may be further deactivated or activated by layer 1 HS-SCCH orders (see section 6C.4).
The higher layers define the discontinuous transmission and reception procedures using the following parameters:

For discontinuous UL DPCCH transmission:

CQI_DTX_TIMER: Specifies the number of subframes after an HS-DSCH reception during which the CQI reports have higher priority than the DTX pattern. This is the initial value of CQI nominal reporting timer.
UE_DTX_cycle_1: Uplink DPCCH burst pattern length in subframes.

UE_DTX_cycle_2: Uplink DPCCH burst pattern length in subframes.

Inactivity_Threshold_for_UE_DTX_cycle_2: 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.

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_long_preamble_length: Determines in slots the length of the preamble associated with the UE_DTX_cycle_2.

For both discontinuous UL DPCCH transmission and discontinuous downlink reception:

UE_DTX_DRX Offset: Uplink DPCCH burst pattern and HS-SCCH reception pattern offset in subframes.

Enabling_Delay: defined in [5], 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.

For discontinuous downlink reception:

UE_DRX cycle: HS-SCCH reception pattern length in subframes.
UE_DRX cycle_2: HS-SCCH reception pattern length in subframes.

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 (as defined in 6C.3) during which the UE is required to monitor the HS-SCCHs in the UE’s HS-SCCH set continuously with the exceptions of N_acknack_transmit>1 or InterTTI>1.
Inactivity_Threshold_for_UE_DRX_cycle_2: Defines a number of consecutive HS-SCCH subframes during which there has been no HS-SCCH or HS-PDSCH reception (as defined in 6C.3) and no E-DCH transmissions, after which the UE shall move from using UE_DRX cycle to using UE_DRX cycle_2.
UE_DRX_Grant_Monitoring: A Boolean which determines whether the UE is required to monitor the full E-AGCH transmissions from the serving E-DCH cell and the full E-RGCH from cells in the serving E-DCH radio link set when they overlap with the start of an HS-SCCH reception as defined in the HS-SCCH reception pattern.

< --- Text omitted --- >
6C.3
Discontinuous downlink reception

The HS-SCCH reception pattern is derived from a discontinuous reception subframe numbering as follows.

The discontinuous HS-SCCH reception subframe numbering is such that:

-
A HS-SCCH discontinuous reception radio frame is 10 ms long and is indexed using CFN_DRX.

-
The start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n is aligned with the start of the HS-SCCH subframe that starts (DRX chips after the start of the associated downlink F-DPCH of CFN n where 
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The HS-SCCH subframe S_DRX=0 is aligned with the start of the HS-SCCH discontinuous reception radio frame. The HS-SCCH subframes are numbered S_DRX=0 to S_DRX=4.

-
The HS-PDSCH discontinuous reception radio frame of CFN_DRX n starts (HS-PDSCH chips after the start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n. The HS-PDSCH subframe S_DRX=0 is aligned with the start of the HS-PDSCH discontinuous reception radio frame. The HS-PDSCH subframes are numbered S_DRX=0 to S_DRX=4.

-
The HS-DPCCH discontinuous transmission radio frame of CFN_DRX n starts at the HS-DPCCH subframe boundary closest in time to 1280 chips after the start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n as received at the UE. The HS-DPCCH subframe S_DRX=0 is aligned with the start of the HS-DPCCH discontinuous transmission radio frame. The HS-DPCCH subframes are numbered S_DRX=0 to S_DRX=4.

The HS-SCCH reception pattern is the set of subframes whose HS-SCCH discontinuous reception radio frame number CFN_DRX and subframe number S_DRX verify either (1) or (2) below:

((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) MOD UE_DRX cycle) = 0



(1)
((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) MOD UE_DRX cycle_2) = 0


(2)

When DL_DRX_Active is FALSE (see section 6C), the UE shall monitor and receive all downlink physical channels continuously.

When DL_DRX_Active is TRUE (see section 6C), the UE shall continue to receive F-DPCH as described in sub-clause 5.1 and the UE need not receive physical downlink channels other than the F-DPCH except for the following cases:

1. The UE shall receive E-HICH (sub-)frame corresponding to an E-DCH transmission as specified in subclause 6B.

2. The UE shall monitor the HS-SCCH subframes in the HS-SCCH reception pattern.

3. If the UE is not applying UE_DRX cycle_2, tThe UE shall receive an HS-PDSCH subframe as specified in sub-clause 6A.

4. The UE has received an HS-SCCH or an HS-PDSCH subframe during the last Inactivity_Threshold_for_UE_DRX_cycle subframes which was not an HS-SCCH order.

5. The UE shall monitor the full E-AGCH transmission from the serving E-DCH cell in the following cases:

· If UE_DRX_Grant_Monitoring is TRUE and the start of the E-AGCH transmission overlaps with an HS-SCCH reception subframe as defined in the HS-SCCH reception pattern,

· When conditions defined in subclause 11.8.1.8 of [9] are fulfilled.

6. The UE shall monitor the full E-RGCH transmissions from cells in the serving E-DCH radio link set in the following cases:

· If UE_DRX_Grant_Monitoring is TRUE and the start of the E-RGCH transmission overlaps with an HS-SCCH reception subframe as defined in the HS-SCCH reception pattern,.

· When conditions defined in subclause 11.8.1.8 of [9] are fulfilled.

7. The UE shall monitor the full E-RGCH(s) from all the other cells in the E-DCH active set, except from the cells in the serving E-DCH radio link set as determined in subclause 11.8.1.8 of [9].

The HS-SCCH reception pattern is illustrated by Figure 2C for a 2ms E-DCH TTI. The grey subframes correspond to the HS-SCCH reception pattern UE_DRX_cycle=4.
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