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1
Introduction

A possibility for a DRX/DTX scheme is discussed in this document, combining UL DPCCH gating concept and a possibility for DRX at UE and at Node B. In RAN2 #51 in Denver Nokia presented a document discussing the possibility for restricting the E-DCH transmission start times in the uplink [2], and thus making the uplink DRX in the Node B available as proposed in [1].

2
DRX

2.1 DRX possibility at Node B

To avoid the need for Node B to be prepared to process E-DPCCH and E-DPDCH in all (sub)frames for a large number of packet users, a restriction of the “E-DCH transmission start time after inactivity” to certain subframes/frames has been proposed in [1]. 

The E-DCH transmission start time restrictions after inactivity could be used with any packet traffic with periods of inactivity, e.g. with VoIP. The restriction and the data source periodicity of VoIP defines the time interval between subsequent initial transmissions, and would have no impact on retransmissions, which would be performed normally. 

In Figure 1, an example with 10ms E-DCH TTI and restricting E-DCH transmission start time after inactivity to be allowed only every 40ms is shown for VoIP. The VoIP packets are delivered from the application every 20ms, and because of the 40ms restriction two packets are grouped together in the same air interface TTI (transport block). As shown on the figure, possible re-transmissions may delay the initial transmissions to the next air interface TTI. 
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Figure 1: Example of restricting E-DCH transmission start to be allowed only every 40ms, 
VoIP and 10ms E-DCH TTI. One VoIP (source) packet is inside one RLC SDU.
In addition to allowing reduced Node B processing, the E-DCH transmission start time restriction after inactivity would decrease the E-DPCCH overhead (and also the ACK/NACK overhead in downlink) as E-DPCCH is transmitted less frequenty but with higher data rate, and the achievable gating gain would be higher since UL DPCCH gating gaps could be longer. In case of VoIP, the E-DPCCH and E-HICH overhead would be halved. Thus, the E-DCH transmission start time restriction after inactivity could also improve the achievable VoIP capacity in case of 10ms TTI case, when UL DPCCH gating would be applied. This is shown in Figure 2, results based on semi-analytical calculations using an average of 1.25 transmissions per TTI (80% throughput). 

[image: image2.emf]40 60 80 100 120 140 160 180 200

0

1

2

3

4

5

6

7

8

Num of VoIP users

Noise rise (dB)

10 ms TTI, 80% throughput, VA3, with HS-DPCCH

32 kbps

32 kbps, gating

64 kbps

64 kbps, gating


Figure 2: Noise rise [dB] as function of the number of VoIP users in VA3 channel, 10 ms TTI, 32 kbps with 1 VoIP packet every 20 ms, 64 kbps with 2 VoIP packets every 40 ms, with HS-DPCCH (10 ms CQI period, 40 ms ACK/NACK period), with and without gating. 

Note that simply restricting the E-DCH transmission times is not sensible from a delay perspective: each retransmission introduces a delay that cannot be compensated. The restrictions should not be implemented as HARQ process restrictions. In order to not cumulate the delays, only the E-DCH transmission start times after inactivity should be restricted, the transmission should be allowed to continue in the next TTI, if the RLC buffer could not be emptied (e.g. due to retransmission, power limitation or low scheduling/non-scheduled grant). 

The allowed E-DCH transmission start time interval should be known by the UE and all Node Bs in the active set. The allowed transmission start times could be defined jointly with the uplink DPCCH gating pattern and with the CQI reporting periods.
2.2 DRX possibility at UE

DRX at UE would improve the UE battery life.

In Rel’4 DL gating, “TTI of TrCH carrying data transmitted during Embedded Data Period in downlink may only start in a radio frame where CFN is fulfilling both of two following relations:

· CFN mod (RX gating DRX cycle) = 0, and

· CFN mod Fi = 0, where Fi is the number of radio frames in one TTI of the TrCHi carrying the data [TS25.212].”

Similar rules could be considered with HSPA and F-DPCH. 

DRX possibility could be applied all the time, similar to uplink DPCCH gating pattern or E-DCH transmission start time restrictions: E-RGCH, E-AGCH and HS-SCCH (defining at the same the HS-DSCH) transmission starting times could be restricted with a predefined pattern. The pattern should be known by the UE and all Node Bs in the active set. UE would know the E-HICH transmission times and restrictions would not be needed (the restrictions would only confuse the E-DCH HARQ loop functionality). Hence, E-HICH should be transmitted and received as in Rel’6, whenever needed, independently from the E-RGCH, E-AGCH, HS- SCCH and HS-DSCH allowed start times pattern. F-DPCH could be transmitted as in Rel’6 (even if not received continuously) or F-DPCH could be transmitted only to correspond to the UL DPCCH transmission times.
The allowed E-RGCH, E-AGCH and HS-SCCH start time pattern could be defined according to the allowed E-DCH transmission start times in order to maximise the DRX periods: the corresponding E-HICH transmission times (not restricted) would define the pattern for the allowed HS-SCCH (HS-DSCH), E-RGCH and E-AGCH transmission starting times. The E-RGCH, E-AGCH and HS-SCCH (HS-DSCH) transmission starting times could be restricted to 

· certain TTI during a DRX period 

· “E-RGCH, E-AGCH, HS-SCCH and HS-DSCH transmission in downlink may only start in the first subframe of a radio frame where CFN is fulfilling CFN mod (RX gating DRX cycle) = 0” 

or

· to certain TTIs during a DRX period to allow more flexibility for HS-DSCH scheduling (and thus, possible higher gains)

· “E-RGCH, E-AGCH, HS-SCCH and HS-DSCH transmission in downlink may only start in a radio frame where CFN is fulfilling CFN mod (RX gating DRX cycle) = 0”. 

In addition, the HS-SCCH (defining at the same the HS-DSCH), E-RGCH and E-AGCH transmission could possibly be allowed to start during E-HICH transmission whenever E-DCH would be active. And whenever DL (HS-channels) would be active, the transmission should be allowed to continue as long as there would not be breaks (or at least x ms breaks), after a break in the transmission the restrictions would be allowed (similar to the E-DCH transmission start time restrictions in UL). I.e., there should be no limitation how long the packet transmission period on HS-DSCH could be after it would have been started: it should only be limited, at which frames the transmission could start after inactivity.
Note that the E-RGCH, E-AGCH, HS-SCCH and HS-DSCH transmission (start) times restrictions would allow (but not require) UE to switch the receiver off during the periods when E-RGCH, E-AGCH, HS-SCCH and HS-DSCH transmission would not be allowed. Thus, e.g., mobility measurements could be done as currently, since UE could, if desired, utilise the possibility of DRX when possible so that the current requirements for mobility measurements (etc.) would be fulfilled.

2.3 Discussion 

The restrictions to HS-channels and E-RGCH/E-AGCH transmission times to allow DRX could be a parameterisation option for network and could be tied with the option of using E-DCH transmission start time restrictions to allow more flexible resource utilisation in Node B: if there would be restrictions for UL transmissions, there would be restrictions also for DL transmissions. 

It could be defined that the DRX possibility at UE and Node B would be applied only if both E-DCH and HS-DSCH would have been inactive at least x ms. Or both could be applied all the time, similar to UL DPCCH gating. Note, that UL DPCCH gating could be applied even without E-DCH or/and HS-DSCH transmission restrictions to provide improved UE battery life and reduced UL interference.

The E-DCH or/and HS-DSCH transmission restrictions would delay the transmissions. By restricting only the transmission start times, cumulative delays can be avoided more easily than if also the transmission duration would be restricted. In order to not delay e.g. the SRB transmission too much, the transmission should be allowed to start relatively often.  

3
Timing Examples with enabling both UL and DL transmission start time restrictions and UL DPCCH gating

3.1 User with no E-DCH or HS-DSCH transmission
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Figure 3 2ms E-DCH TTI, 10ms CQI and DPCCH transmission period,
timing optimised for simultaneous DTX and DRX.
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Figure 4 2ms E-DCH TTI, 10ms CQI and DPCCH transmission period,
timing optimised according to CQI transmissions (for DL capacity).

[image: image5.emf]E-HICH could start

E-DCH could start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

SCCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

HS-

PDSCH 

could 

start

DTX

DPCCH 

E-DCH 

HS-DPCCH

HS-SCCH

HS-PDSCH

E-HICH

DTX

Uplink

Downlink

DTX

ACK/NACK could start

DRX


Figure 5 10ms E-DCH TTI, 10ms CQI and DPCCH transmission period,
timing optimised according to CQI transmissions (for DL capacity).

3.2
VoIP user
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Figure 6 2ms E-DCH TTI, 10ms CQI and DPCCH transmission period,
timing optimised for simultaneous DTX and DRX,
VoIP transmission without retransmissions.
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Figure 7 2ms E-DCH TTI, 10ms CQI and DPCCH transmission period,
timing optimised according to CQI transmissions (for DL capacity),
VoIP transmission without retransmissions.
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Figure 8 2ms E-DCH TTI, 10ms CQI and DPCCH transmission period,
timing optimised according to CQI transmissions (for DL capacity), 
with two retransmissions for VoIP packet.

4
Conclusions

A scheme for allowing DRX at UE and at Node B was discussed, restricting allowed E-RGCH, E-AGCH and HS-SCCH start time in downlink (allowing DRX at UE) and restricting allowed E-DCH start time (allowing discontinuous E-DPCCH detection at Node B). The scheme could be applied all the time, independently from the uplink and/or downlink transmission activities and simultaneously with uplink DPCCH gating. There are no needs for different substates or signallings when the activity level is changed, and the gains are achievable whenever there is even a short inactivity period either in uplink or in downlink.
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