Page 7
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #44
R1-060452
February 13th – February 17th 2006
Denver, CO, USA. 
Agenda item: 
10
Source: 
QUALCOMM Europe
Title: 
Further details of DRX proposal
Document for:
Discussion, Decision
1
Introduction

This document adds details to section 4.5 of [1] for the WI "Continuous Connectivity for Packet Data Users". Methods to synchronize DRX and DTX periods are detailed. The impact of UE DRX on the DL scheduler is studied.
1.1
DRX at the UE

In case of discontinuous transmissions or sustained DL and UL inactivity, the UE and UTRAN may limit the number of subframes where the UE needs to monitor the HS-SCCH so that:

· DL scheduling is still possible

· UE is able to shut-off the receiver circuitry over some periods of time to yield a non 100% receiver duty cycle.

The DRX concept is complementary to the DPCCH gating (DTX) concept introduced in section 4.2 of [1]. Indeed, the DPCCH gating concept will effectively open transmission gaps during which no PHY channels are transmitted from the UE. It would be, therefore, desirable to open reception gaps aligned as much as possible with those transmission gaps so that the UE could effectively go to sleep and hence extend its battery life (talk-time). 

In order to analyze the concept we look into the following aspects: 

· How the DTX and DRX cycles can be maximally aligned.

· What is the performance impact at the DL scheduler.

1.2
Timing

It is worth to note that for HSDPA:
· The data acknowledgment is sent 7.5 slots after the end of the transmission of a HS-PDSCH subframe over the HS-DPCCH.

· A data retransmission can occur between 5 and 7 TTIs later

While for HSUPA: 
· The data acknowledgment is sent 9.7~12.6 slots after the end of the transmission of the corresponding E-DPDCH subframe over the E-HICH.

· A data retransmission can only be sent 7 TTIs later

We want to synchronize these events so that they coincide as much as possible. Since it is not desirable to change the above timing, we can only choose which subframes the UE is monitoring or is allowed to use for transmission. These restrictions have to be shared and synchronized with the Node B as the latter has to take them into account when scheduling the HDSPA packets.

The parameter “n” of 
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, which defines the timing offset for the UE (see Figure 4.5.2.1.1-1), creates a variability in the relative position of the HSDPA and HSUPA channels. With different values of “n”, the success of channel synchronization will vary.
1.2.1
DRX mode 2/8
In this mode, the UE can be scheduled and is allowed to transmit every 4th subframe. A DTX cycle of 4 TTIs, defines the E-DPDCH and E-HICH timelines. If we want to keep that DTX cycle almost unchanged, the UE transmission on the UL HS-PDCCH has to coincide with the DTX awake periods. This falls nicely as the UE reception would also fall in the same periods. By preserving the DTX cycle, we create an overlapping DRX cycle. This allows the UE to go to sleep when it is neither receiving or transmitting. 

Sleeping is optional for the UE. The time to switch between the awake and sleep states is implementation dependent. The subsequent figures show skirts around the combined channel activity time to illustrate this concept. However, this is for illustration purposes only.

With arbitrarily chosen wakeup and sleep delays and averaging over “n”, which defines the offset for the UE, a UEs can achieve 31% of DTX/DRX time.

1.2.2
DRX mode 1/8

In this mode, the UE is scheduled and is allowed to transmit every 8th subframe. The transmission and reception cycles are offset by 4 frames to separate transmission and reception operations. This allows DTX and DRX periods of 75%, however, the combined DTX/DRX average period is 42% at the UE.

1.2.3
DRX mode 1/16

In this mode, the UE is scheduled and is allowed to transmit every 16th subframe. The transmission and reception cycles are offset by 4 frames to combine the transmission operations. In this mode, the UE can achieve DTX/DRX periods of 68%. Note that if the UE chooses to transmit and that transmission is NACK-ed, the UE will have to wake up at the appropriate time (7 subframes later) to re-transmit. This case is not depicted below.

If longer DTX cycles are allowed, DRX cycles can be tailored that are similar to this 1/16 mode.

1.3
Downlink scheduler performance
When a UE is in a DRX mode, the scheduler is restricted with regard to the times it can choose to schedule this UE on the DL. This could result in a degradation of the performance of the scheduler measured with the Average Outage Probability. Figures 4.5.2.3-1 and 4.5.2.3-2 show that the Average Outage Probability degradation is acceptable (less than 5%) for all channel models considered when we are well below the system capacity.

While the DRX mode allows the UE to extend its battery life, it is under UTRAN’s control, and thus can be deactivated if the DL scheduler decides to do so. At high system loads, the UTRAN can disable this function to optimize its resource allocation.

1.4
Benefits of the concept
Figure 4.5.3-1 shows the impact in power control rates as well as the possible DRX and DTX ratios that are achieved when the UE skips a number of subframes. It is apparent that the benefits are achieved pretty quickly, i.e. without having to skip a large number of subframes.

1.5
Open issues of the concept
The longest possible DRX/DTX cycle will depend on the stability of the power control loops and the loss in channel estimation and CQI reporting loops. These items are still under study. [2] studies the link level impact of gating the DPCCH in the UL.
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4.5
DRX at the UE

4.5.1
Description of the concept

· In case of discontinuous transmissions or sustained DL and UL inactivity, the UE and UTRAN may limit the number of subframes where the UE needs to monitor the HS-SCCH so that:
· DL scheduling is still possible
· UE is able to shut-off the receiver circuitry over some periods of time to yield a non 100% receiver duty cycle.

· Minimum monitoring of CPICH for the UE to keep up with changes in its Active Set due to mobility. 
· The UE monitors a limited subset of HS-SCCHs in the time domain e.g., one subframe every two, or every four subframes – this DRX operation is controlled by the “HS-SCCH transmission cycle”. 
Note: This concept alone does not solve the problems of limitations in number of users per cell or limitations in UL noise rise or reduction in latency for temporarily inactive users addressed by the WI. Therefore it will only be considered if it can be applied as add-on to the concepts addressing the objectives of the WI.
4.5.2
Analysis of the concept
The DRX concept is complementary to the DPCCH gating (DTX) concept introduced in section 4.2. Indeed, the DPCCH gating concept will effectively open transmission gaps during which no PHY channels are transmitted from the UE. It would be, therefore, desirable to open reception gaps aligned as much as possible with those transmission gaps so that the UE could effectively go to sleep and hence extend its battery life (talk-time). 

In order to analyze the concept we look into the following aspects: 
· How the DTX and DRX cycles can be maximally aligned.

· What is the performance impact at the DL scheduler.

4.5.2.1 Timing
4.5.2.1.1 Background

Figure 4.5.2.1.1-1 details the relative HARQ timings for HSDPA and HSUPA. 
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Figure 4.5.2.1.1-1: HSDPA/HSUPA relative HARQ timing
It is worth to note that for HSDPA:
· The data acknowledgment is sent 7.5 slots after the end of the transmission of a HS-PDSCH subframe over the HS-DPCCH.

· A data retransmission can occur between 5 and 7 TTIs later

While for HSUPA: 
· The data acknowledgment is sent 9.7~12.6 slots after the end of the transmission of the corresponding E-DPDCH subframe over the E-HICH.

· A data retransmission can only be sent 7 TTIs later

In the following discussion, we synchronize these events so that they coincide as much as possible. Since it is not desirable to change the above timing, we can only choose which subframes the UE is monitoring or is allowed to use for transmission. These restrictions have to be well shared and synchronized with the Node B as the latter has to take them into account when scheduling the HDSPA packets.
The parameter “n” of 
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, which defines the offset for the UE (see Figure 4.5.2.1.1-1), creates a variability in the relative position of the HSDPA and HSUPA channels. With different values of n, the success of channel synchronization will vary.
4.5.2.1.2 DRX mode 2/8
In this mode, the UE can be scheduled and is allowed to transmit every 4th subframe as depicted in Figure 4.5.2.1.2-1 and Figure 4.5.2.1.2-2. A DTX cycle of 4 TTIs, defines the E-DPDCH and E-HICH timelines. If we want to keep that DTX cycle almost unchanged, the UE transmission on the UL HS-PDCCH has to coincide with the DTX awake periods. This falls nicely as the UE reception would also fall in the same periods. By preserving the DTX cycle, we create an overlapping DRX cycle. This allows the UE to go to sleep when it is neither receiving or transmitting. 
Sleeping is optional for the UE. The time to switch between the awake and sleep states is implementation dependent. The subsequent figures show skirts around the combined channel activity time to illustrate this concept. However, this is for illustration purposes only.
With arbitrarily chosen wakeup and sleep delays and averaging over n, which defines the offset for the UE (see Figure 4.5.2.1.1-1), a UEs can achieve 31% of DTX/DRX time.
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Figure 4.5.2.1.2-1: DRX mode 2/8, n=5
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Figure 4.5.2.1.2-1: DRX mode 2/8, n=14
4.5.2.1.3 DRX mode 1/8
In this mode, the UE is scheduled and is allowed to transmit every 8th subframe. The transmission and reception cycles are offset by 4 frames to separate transmission and reception operations. This allows DTX and DRX periods of 75%, however, the combined DTX/DRX average period is 42% at the UE.
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Figure 4.5.2.1.3-1: DRX mode 1/8, n=0
4.5.2.1.4 DRX mode 1/16 and beyond
In this mode, the UE is scheduled and is allowed to transmit every 16th subframe. The transmission and reception cycles are offset by 4 frames to combine the transmission operations. In this mode, the UE can achieve DTX/DRX periods of 68%. Note that if the UE chooses to transmit and that transmission is NACK-ed, the UE will have to wake up at the appropriate time (7 subframes later) to re-transmit. This case is not depicted below.
[image: image7.emf]0 8 16 24 32 40 48 56 64 72 80 88

time (slots)

HS-PDSCH HS-DPCCH E-DPDCH E-HICH DTX/DRX

n=0

Figure 4.5.2.1.4-1: DRX mode 1/16, n=0

If longer DTX cycles are allowed, DRX cycles can be tailored that are similar to this 1/16 mode.

4.5.2.2 Downlink scheduler performance
When a UE is in a DRX mode, the scheduler is restricted with regard to the times it can choose to schedule this UE on the DL. This could result in a degradation of the performance of the scheduler measured with the Average Outage Probability. Figures 4.5.2.3-1 and 4.5.2.3-2 show that the Average Outage Probability degradation is acceptable (less than 5%) for all channel models considered when we are well below the system capacity.
While the DRX mode allows the UE to extend its battery life, it is under UTRAN’s control, and thus can be deactivated if the DL scheduler is running short. At high system loads, the UTRAN can disable this function to optimize its resource allocation.
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Figure 4.5.2.3-1: Impact on DL scheduler for a PB3 channel model 
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Figure 4.5.2.3-2: Impact on DL scheduler for a VA30 channel model 

4.5.3
Benefits of the concept

Figure 4.5.3-1 shows the impact in power control rates as well as the possible DRX and DTX ratios that are achieved when the UE skips a number of subframes. The modes detailed earlier correspond to values on the x axis of 3, 7 and 15. It is apparent that the benefits are achieved pretty quickly, i.e. without having to skip a great number of subframes.
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Figure 4.5.3-1: Benefits vs DTX/DRX rate
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