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Introduction

This document adds details to section 4.5 of TR 25.903 [2] on top of the ones provided in [1]. This time the focus is on the timing while in soft handover. The 10 ms E-DCH case is also analyzed.
In the following, the sleep times do not directly translate to battery gains because of traffic activity, the fact that not all battery consumption is in the TX/RX circuitry and that the time to transition between the active and sleep modes are not detailed.

If the E-DCH is 2ms long, when not in soft handover,

· if the UE is DTX/DRXing ¼ (ie 2/8), the UE can sleep on average 31% of the time. 

· if the UE is DTX/DRXing 1/8, the UE can sleep on average 42% of the time. 

· if the UE is DTX/DRXing 1/16, the UE can sleep on average 60% of the time. 

If the E-DCH is 2ms long while in soft handover between two Node B’s, 

· The UE does not gain if it operates in the ¼ DTX/DRX mode. 
· if the UE is DTX/DRXing 1/8, the UE can sleep on average 24% of the time.
· if the UE is DTX/DRXing 1/16, the UE can sleep on average 39% of the time. 
If the E-DCH is 10ms long, when not in soft handover,

· if the UE is DTX/DRXing ¼, the UE can sleep on average 25% of the time. 

If the E-DCH is 10ms long while in soft handover between two Node B’s, 

· f the UE is DTX/DRXing ¼, the UE can sleep on average 18% of the time.
2
Text Changes

[…]
4.5
DRX at the UE

4.5.2.1 Timing, with 2 ms E-DCH TTI
4.5.2.1.1 Background

[…]

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 60%. 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.

[…]

4.5.2.1.5 DRX mode 2/8, in a 2 way soft handover
In the following, we assume the UE is in a 2 way soft handover between two Node B’s and that the UE is assigned n1 and n2 as offsets from the Node B’s. 
Per 25214, “UTRAN starts the transmission of the downlink DPCCH/DPDCH or F- PCH for each new radio link at a frame timing such that the frame timing received at the UE will be within T0 ( 148 chips prior to the frame timing of the uplink DPCCH/DPDCH at the UE”. We can assume that all Node Bs have adjusted their transmission times so that hypothetical DPCH channels would arrive at the same time. Since that arrival time dictates the E-DPCH offset, we can pick as a reference an enabled TTI subframe. The E-HICH subframes will be [9.7 to 12.6] slots after this enabled E-DPCH depending on the Node B. By design, they will fall within a subframe of each other.

The choice of the HS-PDSCH subframe (and consequently the associated HS-DPCCH) is based on the closest E-DPCH subframe that optimizes the DTX/DRX cycle.
However, the E-RGCH from the non-serving cell is 10 ms long, preventing any DRX during this mode of operation.
If we ignore the E-RGCH from the non-serving cell, averaging over n1 and n2, the UE can sleep 26% of the time. 
4.5.2.1.6 DRX mode 1/8, in a 2 way soft handover
The 10 ms E-RGCH impacts the possible DRX cycle, however, we can still achieve on average 24% of sleep time. In the worse case scenario, the sleep time drops to 15%. In the best cases, the UE can sleep up to 27% of the time.
If we ignore the E-RGCH from the non-serving cell, averaging over n1 and n2, the UE can sleep 36% of the time. At a worse case scenario, the sleep time drops to 22%. In the best cases, the UE can sleep up to 46% of the time. 
Figure 4.5.2.1.6-1 shows an example of handover between two Node Bs with sleep times of 27%.
[image: image1.emf]0 2 4 6 8 1012 141618 2022 242628 303234 363840 4244

time (slots)

HS-PDSCH HS-DPCCH E-DPDCH E-AGCH

E-HICH #1 E-HICH #2 E-RGCH #1 E-RGCH #2

DTX/DRX #1 DTX/DRX #2 DTX/DRX Both

n1=15

n2=2


Figure 4.5.2.1.6-1: UE in handover region, DRX mode 1/8, in soft handover, 27% sleep time

4.5.2.1.7 DRX mode 1/16, in a 2 way soft handover

In this mode, we can achieve on average 39% of sleep time.The sleep time varies between 33% and 44%. Figure 4.5.2.1.6-1 shows an example of handover between two Node Bs with sleep times of 39%.

[image: image2.emf]0 8 16 24 32 40 48 56 64 72 80

time (slots)

HS-PDSCH HS-DPCCH E-DPDCH E-AGCH

E-HICH #1 E-HICH #2 E-RGCH #1 E-RGCH #2

DTX/DRX #1 DTX/DRX #2 DTX/DRX Both

n1=22

n2=12


Figure 4.5.2.1.7-1: UE in handover region, DRX mode 1/16, in soft handover, 27% sleep time

4.5.2.2 Downlink scheduler performance

[…]

4.5.2.3 Timing, with 10 ms E-DCH TTI
4.5.2.3.1 Background
The same basic time relationships remain between the HSDPA/HSUPA channels, with some modifications as show in Figure  Figure 4.5.2.3.1-1.
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Figure 4.5.2.3.1-1: HSDPA/HSUPA relative HARQ timing for 10 ms E-DCH
4.5.2.3.2 DRX mode 1/2
As can be noted from Figure 4.5.2.3.1-1, the need to receive E-HICH, E-RGCH and E-AGCH result in no sleep time.
4.5.2.3.3 DRX mode 1/3
It is possible to operate in this mode, however, the UE DRX sleep mode is upper bounded by about 6 slots which is around 13%.
4.5.2.3.4 DRX mode 1/4
We can achieve on average 24.6% of sleep time. In the worse case scenario, the sleep time drops to 20.5%. In the best cases, the UE can sleep up to 29.3% of the time.
Figure 4.5.2.3.4-1 shows an example of handover between two Node Bs with sleep times of 25%.
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Figure 4.5.2.3.4-1: 10ms E-DCH, DRX mode 1/4, 25% sleep time
4.5.2.3.5 DRX mode ¼, in a 2 way soft handover
The 10 ms E-RGCH still impacts the possible DRX cycle, we can achieve on average 18.2% of sleep time. In the worse case scenario, the sleep time drops to 3.3%. In the best cases, the UE can sleep up to 27.6% of the time.
If we ignore the E-RGCH from the non-serving cell, averaging over n1 and n2, the UE can sleep 24.6% of the time. At a worse case scenario, the sleep time drops to 20.5% . In the best cases, the UE can sleep up to 29.3% of the time. These results are as similar to the case where we are not in soft handover.
Figure 4.5.2.3.5-1 shows an example of handover between two Node Bs with sleep times of 23%.
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Figure 4.5.2.3.5-1: UE in handover region, 10ms E-DCH, DRX mode 1/4, in soft handover, 23% sleep time

The HS-PDSCH transmissions have to occur when the UE wakes up so that the ACKs can be sent before it goes to sleep. More transmissions can occur than shown while the UE is awake, even if that means that the UE would have to stay longer awake to send the ACKs.
 […]
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