3GPP TSG-RAN WG1 #45
R1-061499
May 8th – May 12th 2006

Shanghai, China. 
Agenda item: 
8
Source: 
QUALCOMM Europe

Title: 
TP for Signalling in support of DTX/DRX
Document for:
Discussion and Decision
1
Introduction

This document introduces signalling logic that would allow a combined optimized DTX/DRX operation based on section 4.5 of the TR25.903. 
In addition, this document further populates the table in the “Overview of the technical concepts” section of TR25.903.
2
Text Changes
 […]

4.2
Uplink DPCCH Gating
4.2.1
Description of the concept

The Uplink DPCCH Gating concept applies to a HSDPA/HSUPA scenario only, with no DCHs configured in either direction. The uplink TPC commands sent in the downlink are assumed to be carried over F-DPCH, but one could use associated DPCCH as well.

4.2.1.1
General Principle

The optimal solution for reducing DPCCH overhead of packet data users is turning off the DPCCH transmission when no data or HS-DPCCH is being transmitted. With such an ideal solution the idle packet data users would not consume any uplink air interface resources and the network resource allocation would set the limit on how many idle users could be kept in the CELL_DCH state. Due to practical reasons there may be a limit on the length of the DPCCH gating period as during long inactivity the Node B could not any more know whether the uplink synchronisation is lost or if there just is a very long inactivity period.

The basic principle in short is that if there is neither E-DCH nor HS-DPCCH transmission, the UE automatically stops the continuous DPCCH transmission and applies a known DPCCH activity (DPCCH on/off) pattern. When an E-DCH or HS-DPCCH transmission takes place also the DPCCH is transmitted regardless of the activity pattern.

I.e. during the E-DCH and HS-DPCCH inactivity the UE would activate a known DPCCH transmission pattern that would be e.g. a few DPCCH slots transmitted every few radio frames and no DPCCH transmission during other times. If E-DCH or HS-DPCCH is transmitted the DPCCH would be transmitted normally regardless of the pattern. Depending on the length of the DPCCH transmission gap, a DPCCH power control preamble of few slots may be needed before E-DCH/HS-DPCCH transmission may start. Reception of the downlink HS-SCCH/HS-PDSCH and F-DPCH/A-DPCH would be active and possible at all times.

4.2.1.2
Basic Packet Traffic Example

Figure 4.2.1.2-1 depicts the basic idea, where during data traffic activity (e.g. web page is being transmitted in the downlink and TCP acknowledgements as well as HSDPA acknowledgements are transmitted in the uplink) everything operates as with Release 6 specifications. When the data traffic stops the continuous DPCCH transmission in the uplink is shut down too. Occasionally during the data inactivity the DPCCH is transmitted in a predetermined pattern so that the Node B always knows to expect some slots of DPCCH transmission and can still follow the uplink presence and quality.
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Figure 4.2.1.2-1: Uplink DPCCH transmission with gating

Whenever the uplink has anything to transmit on E-DCH or HS-DPCCH the DPCCH transmission will be automatically reinitiated. 

More generally, during any packet session with any packet activity/inactivity ratio, when the user is transmitting data in the uplink, the DPCCH is continuously active as long as the data or HS-DPCCH transmission is taking place and during the 'reading time', when the uplink is inactive, the DPCCH gating pattern would be applied reducing the consumed uplink capacity to a fraction compared to continuous DPCCH. In addition to reduced uplink capacity consumption the UE talk times would be increased due to lowered battery consumption.

The actual savings would be heavily depending on the activity factor of the uplink transmission as well as the time before dropping inactive users from CELL_DCH.

4.2.1.3
VoIP Traffic Example

With VoIP it would be possible also to benefit from the fact that the data transmission timing even during the active phase of VoIP would be known and could be matched with DPCCH gating period. During the active speech phase the UE would transmit the VoIP packet transmissions and retransmissions with DPCCH and between the packets DPCCH would not be transmitted either.
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Figure 4.2.1.3-1: DPCCH transmission with gating & 2 ms E-DCH TTI. HS-DPCCH impact not shown

In Figure 4.2.1.3-1 an example DPCCH gating with 2 ms E-DCH TTI and VoIP traffic (with average transmission rate of 2.5 transmission per packet) mapped to HARQ processes 1 and 2 is shown with DPCCH activity pattern during E-DCH inactivity as 2 ms burst every 32 ms. With such parametrisation the DPCCH overhead would be reduced to ~6% during voice inactivity and to ~25% during voice activity. Assuming 50% voice activity the DPCCH overhead would be reduced to ~16% of the overhead from continuous DPCCH. HS-DPCCH activity and possible power control preambles would reduce the actual gains, but with good parametrisation and possible improvements to CQI reporting, the impact of HS-DPCCH is not dominant.
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Figure 4.2.1.3-2: DPCCH transmission with gating & 10 ms E-DCH TTI. HS-DPCCH impact not shown

In Figure 4.2.1.3-2 an example DPCCH gating with 10 ms E-DCH TTI and VoIP traffic (no retransmissions shown, low retransmission rate) mapped to HARQ processes 1 and 3 is shown with DPCCH activity pattern during E-DCH inactivity as 2 ms burst every 20 ms. With such parametrisation the DPCCH overhead would be reduced to 10% during voice inactivity and to ~50% during voice activity. Assuming 50% voice activity the DPCCH overhead would be reduced to ~30% of the overhead from continuous DPCCH. HS-DPCCH activity and potential power control preambles would reduce the actual gains.
4.2.1.4
Operation of the Uplink DPCCH Gating

The role of the RNC

The RNC would control the activation and deactivation of the Uplink DPCCH Gating feature the same way the RNC controls the Preamble/Postamble transmission for HSDPA ACK/NACK transmission. This is essential to guarantee the functionality in the SHO; gating can be used only if all Node B’s in the active set support it. RNC should also decide what kind of gating parameters would be used, and signal the information to the Node B(s) and UE. If a Node B in the UE's active set does not support gating the RNC must disable the Uplink DPCCH Gating.

When the Uplink DPCCH Gating feature is enabled by the RNC the UE would transmit the DPCCH continuously when E-DCH or HS-DPCCH is transmitted and transmit the DPCCH discontinuously during the inactivity of E-DCH and HS-DPCCH according to parameters provided by the RNC.

Criteria for transmitting the uplink DPCCH

The uplink DPCCH transmission would be resumed if at least one of the following criteria is fulfilled.

1. The DPCCH transmission pattern defines the time to transmit the DPCCH for synchronisation and power control purposes.

2. A HS-DPCCH transmission is triggered in the UE.

a. As in Release 5 the HS-SCCH triggers the need for HARQ ACK/NACK feedback on HS-DPCCH.

b. As in Release 5 the CQI reporting criteria triggers sending a CQI report on HS-DPCCH.

3. An E-DCH transmission is triggered in the UE as in Release 6.

It could be possible to align some or all the cases of 1,2,3 e.g. allow the E-DCH transmission to start only when the DPCCH transmission pattern would anyway activate the DPCCH transmission, or align the DPCCH transmission pattern's active phase and the CQI reporting.

Criteria for stopping the uplink DPCCH transmission

The uplink DPCCH transmission would be turned off if all the following criteria are fulfilled.

1. The DPCCH transmission pattern defines when not to transmit the DPCCH if no other reason requires the DPCCH transmission.

2. The HS-SCCH has not triggered the need for HARQ ACK/NACK feedback on HS-DPCCH.

3. There is no immediate CQI report to be sent on HS-DPCCH.

4. There is no immediate E-DPCCH/E-DPDCH transmission taking place

5. There hasn't been any HS-DPCCH or E-DPCCH/E-DPDCH transmission in the last N slots. (N could be 0)

I.e. the uplink DPCCH is not transmitted if the DPCCH transmission pattern is not in the active phase and there is no need for HS-DPCCH and/or E-DPCCH/E-DPDCH transmission.

Signalling between the UE and the Node B

The Node B to UE signalling is not necessarily required, but e.g. for purposes of controlling the CQI reporting or the timing when the UE may initiate the uplink E-DCH transmission, the Node B could use e.g. techniques described in chapters 4.3.1 and 4.4.1. As in Release 6, The E-AGCH and E-RGCH signalling can be used to control the UE's ability to transmit E-DCH.

The UE to Node B signalling is not necessarily required, but e.g. if the UE is allowed to send E-DCH TTIs whenever it likes, the presence of a DPCCH or a DPCCH preamble can be seen as an implicit signal indicating that an E-DCH transmission is taking place.
4.2.1.5 Autonomous DTX operation

Following the concepts in 4.2.1 and 4.5, we can define a behaviour that requires no signalling to operate and that can optimize the UE power consumption by aligning the uplink and downlink transmission. 
For the DTX operation, the RNC configures the UE via L3 messaging with the following:
· 2 DTX schemes defined by T1 and T2 ( {1,4,8,16}, with T1<=T2.
· An offset to stagger the UE’s across the possible sub-frames.
T1 and T2 define “enabled sub-frames” patterns that start at the sub-frame where the configuration was effective plus an offset. T1 and T2 define two sets of enabled sub-frames.  The T2-enabled frames are a subset of the T1-enabled sub-frames. Figure 4.2.1.5-1 shows an example with R=T1=4, T2=8.
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Figure 4.2.1.5-1: 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.
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 transmission on a T1-enabled sub-frame and any number of subsequent sub-frames thereafter. The UE shall transmit 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 on T2-enabled sub-frames. The UE is allowed to start transmission on a T2-enabled sub-frame. 

The UE shall DTX if it does not have any data to transmit. 
[…]

4.2.4
Open issues of the concept

· Impact on inner loop power control in UL & DL.

· How often/when will UL DPCCH be sent for inactive users (how are the activity patterns designed?) in order to maintain power control stability and synchronisation status.

· How is reactivation started and the UL DPCCH power set after each UL DPCCH gating gap? Longer power ramping needed?

· Modifying the CQI reporting for HSDPA from Release 6 could enable higher gains for Uplink DPCCH Gating.

· DL & UL have to be inactive at the same time during UL DPCCH gating.

· Impact on power balancing mechanism. (Note: This is not an issue if TPC based power control is not applied to F-DPCH/DPCCH.)
[…]

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.
4.5.1.1
DRX operation
DRX is not symmetrical to the DTX problem mainly because the Node B is always awake. There is no loss in guessing if sub-frames outside a pattern are active. Thus, the UE can start using more HARQ processes if its queues are not being satisfied with a subset of sub-frames. 

Optimum DRX gains at the UE are achieved if the UE knows the exact DRX pattern. That is the UE will only look for transmissions on a subset of sub-frames, and it does not need to guess whether there is DRX or not. If the Node B needs to use more HARQ processes, the Node B has to order the UE to get out of DRX. In the following, the Node B will command the UE to enter or exit the DRX mode using L1/L2 orders.
The RNC configures the UE via L3 messaging with the following:

· 1 DRX operation scheme defined by R ( {1,4,8,16}, with R<=T2. (see 4.2.1.5 for the definition of T2)

· An offset to stagger the UE’s across the possible sub-frames. (the offset is the same as in 4.2.1.5)
R defines an “enabled sub-frames” pattern that start at the sub-frame where the configuration was effective plus an offset. Figure 4.2.1.5-1 shows an example with R=T1=4, T2=8. When in DRX, the UE will be able to ignore DL sub-frames that are not R enabled.
Coupling this DRX operation with the DTX operation in 5.2.1.5, the benefits and timings discussed in this section are achieved.

For a voice call, the UE will be able to DTX and DRX throughout the call at different rates.

For a data call, the following operation is possible:
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Figure 4.5.1.1-1: CPC for Data
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). 

 […]
4.A
Summary of technical concepts and possible combinations

4.A.1
Overview of the technical concepts

	section
	technical concept
	alternatives (if any)
	ConCon initiation
	ConCon termination
	comments

	
	
	
	trigger
	signalling
	UE action
	Node B action
	trigger
	signalling
	UE action
	Node B action
	

	[…]
	
	
	
	
	
	
	
	
	
	
	

	4.2
	UL DPCCH gating
	-
	UL inactivity and no HS-DPCCH transmission (nothing else than DPCCH to transmit in the slot)
	-
	Transmit DPCCH only in predefined slots
	-
	E-DCH or HS-DPCCH transmission
	-
	- 

(Start transmitting as in rel’6)
	- 

(Start receiving as in rel’6)
	DPCCH DTX detection in the beginning of each TTI in slots where no predefined DPCCH transmission

	4.2
	UL DPCCH gating
	Gating allowed while transmitting data 
	RNC decides to allow this mode.
	L3 configuration of  DTX parameters (T1, T2 and offset). T1<=T2. T1 and/or T2 could be equal to 1, disabling DTX.
	If there is at least one HARQ process active: Use predefined sub-frames spaced at T1 first. Use subsequent sub-frames if needed.
If there are no active HARQ processes: Do not DTX on predefined slots spaced T2 TTIs.
	The Node B is expecting pilot and CQI on predefined slots and data transmission starting at predefined sub-frames.
Acknowledgments and retransmissions occur as in Rel 6.

The Node B needs to detect DPCCH DTX in sub-frames where no predefined DPCCH transmission is required.
	RNC reconfiguration.
	L3 reconfiguration.
	- 

(Start transmitting as in rel’6)
	- 

(Start receiving as in rel’6)
	T1 is used while transmitting data.

T2 is used when there is no data being transmitted.

The offset allows the staggering of UE’s.

	[…]
	
	
	
	
	
	
	
	
	
	
	

	4.4.1.3
	CQI reduction
	rules
	Node B and UE detect a predefined time interval of HS-DSCH inactivity
	-
	apply reduced CQI reporting pattern
	apply reduced CQI reporting pattern
	new data arriving in Node B’s MAC-hs buffer 
	UE receives scheduling information on HS-SCCH
	apply normal CQI reporting pattern
	apply normal CQI reporting pattern
	

	4.5
	DRX at UE
	-
	Low activity or no activity on the DL.
	L3 configuration of DRX parameter (R,offset).

L1/L2 single bit signal to enable DRX.
	UE is to expect transmissions on predefined sub-frames. The UE can sleep on all other sub-frames.
Acknowledgments and retransmissions occur as in Rel 6.
	Node B is to schedule the UE only on predefined slots. Data transmission is possible, but at a lower rate.
	High activity on the DL.
	L1/L2 single bit signal to disable DRX.
	- 

(Start receiving as in rel’6)
	- 

(Start transmitting as in rel’6)
	- 




note 1:
void.

note 2:
The introduction of a next-slot E-DCH transmission indication on DPCCH or E-DPCCH is FFS.
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