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1
Introduction

This document  proposes a signalling procedure in control of DTX/DRX for the Continuous Packet Connectivity feature. Some of the notions have already been independently discussed in [1]. This document also adopts the terminology defined in [1].

For a voice call, R1-060450 proposed an optimised HS-SCCH-less mode of operation. 

For a light exchange scenario, R1-060451 and R1-060941 studied the DTX impact on E-DPDCH demodulation performance. For inactive phases (no UL data transmission), R1-0942 studied the impact in demodulation performance of different levels of DPCCH gating. 
R1-060452 proposed corresponding timing modes that optimize ROT and the UE battery lives.
2
Design overview

The important elements of the design are:

· The RNC sets the ConCon configuration at call setup
· DTX/DRX parameterization:
· L3 messaging is used to (re)configure DTX/DRX. 
· L1/L2 fast signaling (single bit) for enabling/disabling DRX 

· DTX allowed during data transmission also

· DTX cycle for active periods (T1).
· DTX cycle for inactive periods (T2).
· UE autonomously chooses T1 or T2 based on its activity:
· While in the active periods, the E-DCH transmissions have to be sent contiguously with the first E-DCH transmission starting on a T1-enabled sub-frame.
· While in the inactive period, the first E-DCH transmission can only occur on a T2-enabled sub-frame. This transmission will mark the start of an active period.
· UTRAN knows the minimum set of enabled slots 

· Minimizes impact of DPCCH search at the Node B

· DTX and DRX can be jointly parameterized to optimize the UE battery savings
2
Definitions
The ConCon mode is a configuration of the CELL_DCH state where the resources are allocated (e.g., F-DPCH, PDP context,…) but where only a subset of UL and DL sub-frames are used. This subset is sufficient for the light exchange of data or during inactive data transfer periods. The UE can revert to the full use of UL sub-frames autonomously and instantaneously. The Node B has a fast mechanism to revert to the full use of DL sub-frames.
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 ConCon mode 
 Figure 1 shows the DTX and DRX operations while in the ConCon mode.

3.1
Active ( ConCon mode 

The trigger to go from an Active to a ConCon mode could be: 
· Light traffic load of user data

· Lack of user data activity
UTRAN knows the UE data activity on:
· DL: status of UE’s data queue
· UL: reception of UE’s data, buffer status reports 
To share a common view of the UE’s connection, the RNC will command the UE to enter the ConCon mode. The RNC commands the UE to transition to the ConCon mode while specifying the (T1, T2, R, offset, see section 4.1) parameters. DL and UL transmissions are allowed on the DL and UL sub-frames that occur on multiples of R and T1 respectively starting at an offset from a system time reference.
3.2
ConCon mode ( Active
The reasons to go from a ConCon mode to Active are: 
· Increase in the required DL/UL PHY resources to transport user data on DL or UL. .
· The system is congested and the scheduler performance is enhanced when there are no restrictions on the use of sub-frames on the DL. Battery life is sacrificed for a better system performance.

To share a common view of the UE’s connection, the RNC will command the UE to be on Active mode.
4
The ConCon mode
4.1
Operation 

For a simple robust design:
· The RNC configures the UE with:

· 2 DTX schemes defined by T1 and T2 ( {1,4,8,16}, with T1<=T2.

· 1 DRX operation scheme defined by R ( {1,4,8,16}, with R<=T2. 
· Offset to stagger the UE’s across the possible sub-frames.
· The UE can transition autonomously between the two DTX modes.
· The UE is ordered to DRX or not using orders #1 and #2.
· T1, T2 and R define “enabled sub-frames” patterns that start at the sub-frame where the configuration was effective. This start time is given explicitly in the message.
· When the UE is in the process of transmitting data (i.e. there is at least one active HARQ process), the UE is allowed to start E-DCH transmissions on a T1-enabled sub-frame and any number of subsequent back to back sub-frames. The UE shall transmit DPCCH and HS-DPCCH (CQI) on T1 enabled sub-frames.
· When the UE does not have any data to transmit (i.e. there are no active HARQ processes), the UE shall transmit DPCCH and HS-DPCCH (CQI) on T2 enabled sub-frames. The UE is allowed to start E-DCH transmission on a T2-enabled sub-frame.
· The UE shall DTX if it does not have any data to transmit. 

Figure 1 shows the transitions between the different operating rules.


[image: image1]
Figure 1. ConCon operation.

4.2
Enabled sub-frames
The RNC configures the ConCon parameters during call setup, or through a reconfiguration message during the call. The parameters are:
· T1 and T2 ( {1,4,8,16}, with T1<=T2. They are the parameters of the DTX operation.
· Example: T1 = 4 means the UE transmits one sub-frame every 4

· Example: T1 = 1 means the UE transmits does not DTX
· R ( {1,4,8,16}, with R<=T2. R is a parameter of the DRX operation.
· An offset which allows the RNC to spread the UE’s across the sub-frames.
T1, T2 and R define “enabled sub-frames” patterns that start at the sub-frame where the configuration was effective plus an offset. T1, T2 and R define three sets of enabled sub-frames.  The T2-enabled frames are a subset of the T1-enabled sub-frames. Figure 2 shows an example with R=T1=4, T2=8.

[image: image2]
Figure 2. T1, T2 and R enabled sub-frames.

The UE shall transmit the DPCCH and HS-DPCCH (CQI) on:

· At least on T1-enabled sub-frames, if there are active HARQ processes

· At T2-enabled sub-frames, otherwise.
The advantages of having T1 are:
· T1 defines the minimum duty cycle that would achieve maximum capacity during data transmission.

· The UE can synchronize its transmissions with the reception times maximizing its sleep cycle.

· The Node B will have a pattern of known times where the transmissions are required or more probable.
· Easier detection: The E-DCH transmissions can only start on T1-enabled sub-frames when the UE has at least an active HARQ process.
The reasons for having T2-enabled sub-frames are:

· Synchronization at the Node B.

· Easier detection and search of the uplink: While inactive, the E-DCH transmissions can only start on T2-enabled sub-frames.

· Simpler Node B implementation.
When the UE is in the process of transmitting data (i.e. there is at least one active HARQ process), the UE is allowed to start E-DCH transmission on a T1-enabled sub-frame and any number of subsequent sub-frames thereafter. The UE shall transmit DPCCH and HS-DPCCH (CQI) on T1-enabled sub-frames.
When the UE does not have any data to transmit (i.e. there are no  active HARQ processes), the UE shall transmit DPCCH and HS-DPCCH (CQI) on T2-enabled sub-frames. The UE is allowed to start E-DCH transmission on a T2-enabled sub-frame. 
This operation allows for DRX at the Node-B. 

The UE shall DTX if it does not have any data to transmit. 
Figure 3 and Figure 4 show examples of DTX operation when the UE restricts itself to transmissions on the T1 enabled sub-frames with R=T1=4=8 ms, T2=8=16ms. In Figure 3, we can see the resumption of transmission happening on a T2-enabled sub-frame (assuming that the first sub-frame in the timeline is both T1 and T2-enabled.
T1, T2, and R-enabled sub-frames are aligned as described in TR25.903 section 4.5.2.1 to minimize the ROT then to maximize the possible UE sleep time.


[image: image3]
Figure 3. DTX operation example. R=T1=4 (8 ms), T2=8 (16ms)

[image: image4]
Figure 4. DTX operation example. R=T1=4 (8 ms), T2=8 (16ms)
4.3
DTX (T1) ( DTX (T2)

Whenever all HARQ processes are acknowledged, the UE can start applying the T2 timer to figure out the next transmission. The UE shall transmit DPCCH and HS-DPCCH (CQI) on T2-enabled sub-frames.
4.4
DTX (T2) ( DTX (T1)
Whenever there is data to transmit, the UE shall not DTX more than T1 sub-frames. The UE shall start E-DCH transmission on T2 enabled sub-frame. The UE can use subsequent sub-frames as long as its transmission is contiguous.
There could be exceptions to this rule. For instance, if the UE is transmitting three HARQ processes and the first two have terminated (Acked or maximum number of transmissions is reached), the UE could DTX the first two sub-frames and continue HARQ retransmissions for the third process.

4.5
NO DRX ( DRX (R)
The trigger to allow DRXing could be: 

· Light traffic load of DL user data

· Lack of user data activity

Contrary to DTX, the DRX operation needs to be synchronized between the Node B and the UE. To share a common view of the UE’s DRX, the Node B will command the UE to enter the DRX mode using a L1 order #1. The UE will be able to ignore DL sub-frames that are not R enabled.

4.6
DRX (R) ( NO DRX
The trigger to stop DRXing could be: 

· Heavy traffic load of user data

· Heavy cell load
The Node B will command the UE to exit the DRX mode using a L1 order #2. The UE will have to decode every HS-SCCH sub-frame thereafter.

Figure 5 shows an exemplary  event flow assuming that the HS-SCCH is used to trigger the DRX operation change. 
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Figure 5. DRX (R) ( NO DRX transition
4.7
UTRAN Logic
The Node B is expecting the start of E-DCH transmissions on T1 or T2 sub-frames depending whether any uplink data is in the process of transmission or not respectively. Subsequently, the Node B has to detect the transition between the two conditions. If the Node B misses that transition, the UE might be transmitting new packets starting at T1-enabled sub-frames that will not be acked. Eventually, the retransmissions will fall on a T2-enabled sub-frame that will be monitored by the Node B (because T2 is a multiple of T1), otherwise the UE will timeout.

After a transmission on a T1 or T2-enabled sub-frame or when there are pending HARQ processes, the Node B should expect more transmissions on the subsequent contiguous sub-frames.
The Node B should discard the power control bits when DPCCH is absent or their quality is not sufficient.
Based on a proprietary algorithm, the Node B will decide whether to order the UE to DRX. For example, the triggers could be: 

· The UE queue has been empty for some time, or has just been emptied. 

· The DL data rate below a threshold that can be served at a reduced sub-frame rate.

Based on a proprietary algorithm, the Node B will decide to order the UE not to DRX. For example , the triggers could be: 

· Data for the UE has just arrived.

· The UE queue is above a certain threshold or growing at a faster rate than the transmission rate to the UE.
4.8
UE Logic
UE shall expect transmissions at “R-enabled” sub-frames if in DRX, or on any sub-frame when not in DRX.

UE should discard any power control bits that do not correspond to a transmission the UE has sent.
Upon receipt of the Node B order #1/#2, the UE shall start/stop DRX-ing respectively.

If there is at least one HARQ process active, the UE shall try to transmit using the “enabled sub-frames” every T1. If the enabled sub-frames are not enough, the UE can use any number of subsequent sub-frames following the T1-enabled sub-frame. The UE shall transmit on T1-enabled sub-frames.
If there are no active HARQ processes, the UE shall transmit DPCCH and HS-DPCCH (CQI) on T2-enabled sub-frames. The UE can start a new E-DCH transmission on a T2-enabled sub-frame.
4.9
Examples of operation

4.9.1
VoIP

Suggested settings for VoIP operation: R=4, T1=4, T2=8. This achieves constant 50% sleeping periods during the entire voice session. Figure 3 and Figure 4 show examples of DTX operation with a VoIP call.
4.9.2
Data

Suggested settings for Data operation: R=8, T1=1, T2=16

This achieves long sleeping period when there is no data to send. The Node B orders UE out of DRX whenever there is data to send. There is an average of 8 ms delay to start the DL transmissions.
Figure 6 shows the DTX and DRX state of the UE. The DL packets are numbered 0 to 8, the UL packets are numbered A to I. The Node B can bring the UE out of DRX at the reception of a DL packet. It can put it back in DRX after a timer expires. The Node B could adopt a different strategy because the DL transmissions are possible while in DRX. At the UE, any packet arrival transitions the UE to use T1 instead of T2, and then it reverts back to the use of T2 when all the packets have been transmitted. No retransmissions or acknowledgments are shown in this Figure. 
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Figure 6. CPC for Data 
4.9.3
System under load

When the DL delay requirements are tight or when the DL load is high: R=1, T1=4, T2=8
4.10 Node B orders #1 and #2
HS-SCCH is robust and has an Ack mechanism. Miscommunication problems are reduced.
Option 1: The UE can be assigned a second UE H-RNTI (16 bits) (25.212, section 4.6), creating a space of 21 bits for orders and future extensions.

Option 2: One H-RNTI (16 bits) is reserved for broadcasting orders. This order message will contain the UE specific H-RNTI (16 bits), creating a space of 5 bits for orders and future extensions.
4.11
Performance
4.11.1 UL/DL performance

The UL performance is studied in other QC’s contributions. [References]
The DL performance is as good as the physical channel carrying the orders.
4.11.2 Power control 

Assuming that the downlink uses F-DPCH, the minimum loop delay for the uplink power control is 1 slot, while the minimum loop delay for the downlink power control is 2 slots.
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Figure 7. Power control loop delays with normal F-DPCH operation
Given the discontinuous transmission on the UL, 
· The Node B should discard the power control bits when DPCCH is absent or their quality is not sufficient.

· The UE should discard any power control bits that do not correspond to a transmission it has sent.
4.11.3 Delays

There is on average R ms delay to start transmissions on the DL. The Node B can order the UE out of DRX, and the subsequent delays would be zero. Retransmissions could further delay a new packet transmission.
The UL delays are under the control of the UE as the UE can choose the number of HARQ processes to use . While inactive, there is on average T2 ms delay to start a packet transmission.  While active, there is on average T1 ms delay to start a packet transmission.
When the vocoder packets are arriving every 20ms and when the UE restricts its transmissions to the enabled sub-frames, the worst delay happens when a packet arrives and all available interlaces have recently started, and we assume the longest HARQ process. In the following we also ignore the effect of T2 as it only affects the first transmission in a burst.
For T1=R=4, one of the two interlaces will have to end within a maximum of MAX(-2*20+8+N*16,0) ms, thus, the longest delay would be MAX( -2*20+8+N*16+16+N*16, 8+N*16)+2 = MAX( -32+16*(2N+1), 8+16*N) + 2 ms

· 1 retransmission -> MAX(16, 24) + 2 = 26 ms

· 2 retransmissions -> MAX (48, 40) + 2 = 50 ms

· 3 retransmissions -> MAX (80, 56) + 2 = 82 ms

· 4 retransmissions -> MAX (112, 72) + 2 = 114 ms

· 5 retransmissions -> MAX (144, 88) + 2 = 146 ms

For T1=R=8, the interlace will have to end within a maximum of MAX(-20+16+N*16,0) ms, thus, the longest delay would be  MAX(-20+16+N*16+16+N*16,16+N*16) +2 = MAX( -4+16*(2N+1),16(N+1) ) + 2 ms

· 1 retransmission -> MAX(44, 32) + 2 = 46 ms

· 2 retransmissions -> MAX (76, 48) + 2 = 78 ms

· 3 retransmissions -> MAX (108, 64) + 2 = 110 ms

· 4 retransmissions -> MAX (140, 80) + 2 = 142 ms

· 5 retransmissions -> MAX (172, 96) + 2 = 174 ms
4.11.4 Errors with order #1
We assuming that the Node B restricts its transmissions to the DRX cycle as soon as it sends the order. The following errors can happen when the UE and Node B are not in the DRX mode.
4.11.4.1 Undetected signalling error

The Node B decides to transition the UE to DRX and sends order #1. If order #1 is lost, the only possible error scenario is when the Node B thinks it got an Ack for its order, when the UE did not send anything.
The probability of error is P(undetected signalling cmd) = Pmiss(HS-SCCH). P(DTX to Ack).

The result is that the Node B is restricting its transmissions to the DRX cycle, while the UE is decoding all sub-frames. There are is loss of UE battery, but not of data. This error is not detectable.


[image: image8]
Figure 8. Errors with order #1
4.11.4.2 False alarm

Although the Node B did not send any order, the UE could still decode the HS-SCCH and mistakenly find order #1. The UE would Ack this order, however, the Node B, not expecting any Ack/Nack, would ignore this transmission.

The probability of error is Pfa(cmd) = Pmiss(wrong HS-SCCH passing CRC).

The result is that the Node B is not restricting its transmissions to the DRX cycle, while the UE moved autonomously into the DRX mode. Any data transmitted outside the DRX cycle is lost. This error is detectable. The Node B could implement a recovery mechanism when it sees this pattern of errors.

4.11.5 Errors with order #2

We assuming that the Node B keeps on restricting its transmissions to the DRX cycle until gets the Ack. The following errors can happen when the UE and Node B are in the DRX mode.
4.11.4.1 Undetected signalling error

The Node B decides to transition the UE out of DRX and sends order #2. If order #2 is lost, the only possible error scenario is when the Node B thinks it got an Ack for its order, when the UE did not send anything.
The probability of error is P(undetected signalling cmd) = Pmiss(HS-SCCH). P(DTX to Ack).

The result is that the Node B is not restricting its transmissions to the DRX cycle, while the UE is still in DRX mode. Any data transmitted outside the DRX cycle is lost. This error is detectable. The Node B could implement a recovery mechanism when it sees this pattern of errors.


[image: image9]
Figure 9. Errors with order #2

4.11.4.2 False alarm

Although the Node B did not send any order, the UE could still decode the HS-SCCH and mistakenly find order #2. The UE would Ack this order, however, the Node B, not expecting any Ack/Nack, would ignore this transmission.

The probability of error is Pfa(cmd) = Pmiss(wrong HS-SCCH passing CRC).

The result is that the Node B is restricting its transmissions to the DRX cycle, while the UE moved autonomously out of the DRX mode. There are is loss of UE battery, but not of data. This error is not detectable.

5
Conclusions
A complete signaling framework was presented for DTX/DRX operation for the Continuous Packet Connectivity feature. 
A notion of enabled sub-frames was defined. Triggers and Transitions between the different modes were defined. 
The logic at the UTRAN and at the UE were detailed. Examples of operation were presented. Finally, different performance aspects were analyzed.
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