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Annex: Text Proposal to the TR for
Continuous Connectivity for Packet Data Users
4
Technical Concepts

This section describes and analyses the suggested technical concepts addressing the problem described by the work item “Continuous Connectivity for Packet Data Users” defined in [1].

4.1
Uplink DPCCH Gating

4.1.1
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.

4.1.1.1
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 such an idealized solution with turning off the DPCCH transmission completely may not be feasible 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.

4.1.1.2
Basic Packet Traffic Example

Figure X1 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 X1: 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.

4.1.1.3
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 X2: DPCCH transmission with gating & 2 ms E-DCH TTI. HS-DPCCH impact not shown

In Figure X2 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 X3: DPCCH transmission with gating & 10 ms E-DCH TTI. HS-DPCCH impact not shown

In Figure X3 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.

4.1.1.3
Initialisation and Termination of the Uplink DPCCH Gating

The RNC would control the initiation and termination of the Uplink DPCCH Gating mode. This requirement 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 mode.

When the Uplink DPCCH Gating mode 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.

4.1.2
Analysis of the concept

4.1.2.1
Potential cell capacity gain for VoIP

Taking the following assumptions:

· Voice activity cycle: 50%

· E-DCH power: +9 dB (2 ms TTI) / +5 dB (10 ms TTI)

· Average # of transmissions: 2 (2 ms TTI) / 1.2 (10 ms TTI)

· DPCCH gating pattern: 10 % DPCCH activity during voice inactivity period, otherwise DPCCH transmitted only when E-DCH transmitted

· Aggregate DPCCH activity factor: 15% (2 ms TTI), 35% (10 ms TTI)

Figure X4 plots shows the calculated gain potential with VoIP as a function of aggregate DPCCH activity factor for 2 ms and 10 ms TTI.
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Figure X4: Relative gain of lowering the DPCCH activity factor (1 = continuous DPCCH)

4.1.3
Pros & Cons of the concept

Pros:

· Idle UEs can be kept longer in the CELL_DCH state than with Release 6 specifications because

· The UE consumes less battery and thus can be maintained longer in the CELL_DCH without degrading the battery life time when comparing to Release 6 operation

· The UE consumes less air interface capacity and thus more UEs can be kept in the CELL_DCH state avoiding frequent transitions between CELL_FACH and CELL_DCH.

· With the same CELL_DCH release timer than in Release 6

· The cell can support a larger number of users with the same uplink capacity consumption

· With VoIP traffic

· A single VoIP user would consume less air interface capacity thus a higher uplink VoIP capacity in the cell would be achieved

· A single VoIP user would consume less power thus achieving longer talk-times and lower heating.

Cons:

· Downlink power control implementation for F-DPCH may be impacted due to uplink inactivity

4.1.4
Open issues of the concept

· How long DPCCH transmission gaps the system could support and how long a DPCCH transmission burst is needed in order to maintain power control stability and synchronisation status.

· The need and length of a power control preamble after inactivity before the E-DCH or HS-DPCCH transmission can start.

· Modifying the CQI reporting for HSDPA from Release 6 could enable higher gains for Uplink DPCCH Gating. E.g a solution according to TR25.899 could be adopted.
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