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Introduction

At RAN meeting #29 in Tallinn in September 2005, the new work item (WI) on “Continuous connectivity for packet data users” was approved (see [1]).

During the study item (SI) phase at RAN1 meeting #42 in August/September 2005 in London, 3 different concepts were proposed for the topic of ‘Continuous connectivity for packet data users’:
· UL DPCCH slot format change from Philips [2]

· UL DPCCH gating from Nokia [3]
· SIR_target lowering and CQI off from Siemens [4], [5]

and RAN1 concluded that these concepts are addressing the objectives of ‘Continuous connectivity for packet data users’.
The present document is making 2 text proposals for the TR 25.9xx created for the WI ‘Continuous connectivity for packet data users’:

· A first text proposal to include a general assumption on SRB mappings into the section 4 which is assumed to apply to all concepts (if nothing else is stated).
· A second text proposal to include the concept of ‘SIR_target lowering and CQI off’ into a section 4.x.

Proposal

For decision: Introduction of the two text proposals as described below into TR 25.9xx.
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4
Technical Concept
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].
The following assumption applies for all following concepts (unless something else is explicitely stated):

The signalling radio bearers (SRBs) are assumed to be mapped on HS-DSCH in downlink (as is necessary for F-DPCH, anyway) and on E-DCH in uplink.
In this configuration, the user transmits in uplink: DPCCH, HS-DPCCH, E-DPCCH and E-DPDCH. The latter two are automatically DTXed, when no data (or rate requests) need to be transmitted on E-DPDCH.
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4.x
SIR_target lowering & CQI off
4.x.1
Description of the concept


The proposed concept has the goal of:

· substantially reducing the Tx power of the UL DPCCH (and thus, the generated noise rise) during idle traffic periods, i.e. when nothing needs to be transmitted in UL on the E-DPDCH, and
· to stop the CQI reporting (thus eliminating the interference from HS-DPCCH in UL) when no data is transmitted on HS-PDSCH in downlink.

It is an important characteristic of the concept that these changes do not involve the RNC, so that the long delays of RRC or NBAP procedures (>> 100ms) are avoided and the user is staying in CELL_DCH state.
The following subsections outline the major steps of the proposed concept.

4.x.1.1
Traffic Inactivity phase

4.x.1.1.1
Traffic inactivity detection

The absence of data to be transmitted on HS-DSCH in the DL and E-DCH in the UL can be detected by observing the current occupation of the MAC-hs and MAC-e buffers respectively. The inactivity can be detected in the serving Node B for both directions: As the MAC-hs buffer is located in the Node B, and the MAC-e buffer state is known by the MAC-e scheduler in the Node B through scheduling information received from the UE.
Depending on the traffic inactivity, a switching off of CQI reporting (if inactive in the DL) or a reduction of Tx power on UL DPCCH (if inactive in the UL) is triggered by the Node B.
A deactivation start timer/timeout (starting when a buffer runs empty) can be used to avoid unnecessary switching between active and inactive mode during very short traffic intermissions.

4.x.1.1.2
Switching off CQI reporting

Periodic CQI reporting (as configured by RNC) is switched off when data inactivity on the downlink has been detected. The serving Node B informs the UE about the change by physical layer signaling. This can be implemented as a new signaling message on the HS-SCCH, using one of the 8 unused bit combinations within the 7 bits assigned to the channelization code set.
On receiving this message, the UE will immediately stop the transmission of CQI reports on HS-DPCCH, but save the RNC-configured reporting cycle to be restored at reactivation time. The reduction in UL interference achieved will depend upon the CQI reporting interval configured by the UTRAN for each UE.

4.x.1.1.3
Reducing Tx power on UL DPCCH

When detecting the inactivity condition in the UL (as described above), the serving Node B reduces the target SIR for the UL power control from the last RNC-configured value to a pre-determined target value (for reliable TPC detection).
The inner loop power control for the uplink will automatically reduce the Tx power of the UE on the UL DPCCH (by a sequence of 'power down' steps) to adjust to the new target.
This autonomous reduction of the SIR target is not in conflict with the outer loop power control of the SRNC, as the transmitted power will not be permitted to become higher than the RNC-configured value.

In the following sections such a reduction of Tx power on UL DPCCH will be called 'reduced power mode'.
4.x.1.2
Reactivation phase

4.x.1.2.1
Triggering reactivation

When a UE is in a 'reduced power mode' a reactivation is triggered by the arrival of new data in the MAC queues at either end of the radio link. While new data (for DL) in the MAC-hs buffer can be immediately detected in the serving Node B, new data (for UL) in the MAC-e buffer will first be detected in the UE and must be brought to the attention of the serving Node B. 2 alternatives are (preference for the second):
1. HARQ with possible UL power offset:
The UE immediately transmits a MAC-e PDU as it would do in the normal E-DCH configuration. Note that the E-DPCCH and E-DPDCH are transmitted with a given power offset from the DPCCH power, and will therefore be power-reduced, when the DPCCH is power-reduced. As a mere trigger for reactivation it is, however, not necessary that the initial transmission can be correctly detected in the receiving Node B. It is sufficient that signal presence is recognized by the Node B at all, since this would trigger the Node B to restore the usual UL power control and the corresponding HARQ would avoid any loss of data.
For even better robustness of this reactivation trigger a power offset could be applied for the first transmission on E-DPCCH and E-DPDCH in the 'reduced power mode'. This would give the first MAC-e PDU a fair chance to be correctly decoded, in which case no reactivation delay would occur at all.

2. Reactivation signal on E-DPCCH:
Another option is that the UEs are not allowed to transmit E-DPDCH and E-DPCCH in 'reduced power mode' at all, except for a reactivation signal on the E-DPCCH. For instance, the UE just sets the 'Happy Bit', or it transmits a predefined 10-bit sequence on the entire E-DPCCH. The Node B restores the SIR target and initiates the reactivation via HS-SCCH signaling. Such a trigger via E-DPCCH would be very easy and reliable to detect (if required, a power offset as aforementioned could also be applied). As soon as the UE receives the HS-SCCH confirmation from the Node B (will take less than 10ms) the UE returns back to normal operation.
4.x.1.2.2
Restarting CQI transmission

When the serving Node B detects the reactivation condition, it sends a signaling message to the UE (via HS-SCCH) to trigger the restart of CQI reporting.
On receiving this message, the UE reacts by immediately restarting CQI reports with the last RNC-configured reporting cycle.
The Node B avoids scheduling of large PDUs to the UE, until the first CQI report has been received. Delay-critical data (e.g. SRB messages) can immediately be scheduled when restricted to a small PDU (corresponding to low CQI values).

4.x.1.2.3
Restoring normal power control for data transmission

When the serving Node B recognizes a new transmission on E-DPCCH and/or E-DPDCH from the UE in 'reduced power mode', it starts the reactivation by resetting the target SIR for the UL power control to the last RNC-configured value.
The inner loop PC will automatically re-adjust the Tx power on the UL DPCCH to the new target within a few time slots.

Depending on the considered reactivation improvements (see section 4.x.1.2.1), the Node B will also send a reactivation message to the UE (again, via HS-SCCH), and the UE will restart regular transmissions.
Retransmission(s) of the first packet, and possible transmissions of subsequent (non-scheduled) MAC-e PDUs will be automatically executed by the normal HARQ and E-DCH protocols in the UE and serving Node B. Depending on the TTI length, it may take one (for 10ms TTI) or a few TTIs (for 2ms TTI) before the power control has settled on the normal level and the transmissions proceed as normal.
The Node B may delay large rate grants to the UE, until the received signal power has reached the target SIR, in order to avoid early erroneous transmission of large scheduled PDUs.

4.x.1.3
Interworking aspects

4.x.1.3.1
Cell changes and Soft Handover
Measurement reports from the UE and RNC-triggered signaling of changes in the active set and changes of the serving Node B will be transmitted on SRB over E-DCH and HS-DSCH, and thereby trigger reactivation. Therefore the highest gain of this concept is achieved when the reporting interval of such mobility measurements is well above the timeout parameter that triggers the deactivation.

The on- and off-switching of the CQI reports is not affected by soft handover (SHO), as SHO is not applied on HS-DPCCH. However, SHO may be applied on UL DPCCH.

Nevertheless, either the serving cell will dominate the UL power control due to the SIR target reduction or a change of the serving cell will be initiated by the RNC in the normal way (i.e. as in the current specifications) and trigger a reactivation of the UE.
4.x.1.3.2
Reporting power gains to RNC
As it is the goal of the proposed concept to allow more users to get and remain connected (without the need for intermediate RRC state switching), it is necessary that the RNC is made aware of the savings in the received noise rise, so that these can be taken into account in decisions e.g. for call admission and RRC state switching. These gains will, however, automatically be reflected in the measurements of “total received wideband power”, which are periodically reported from Node B to CRNC, anyway. Thus, no changes to the standard measurement reporting are required for this purpose.
4.x.2
Analysis of the concept


4.x.2.1
Gain in terms of number of additional users & UL noise rise
The gain that can be achieved by a power reduction of the uplink control channels for inactive users can best be measured by the number of inactive user connections that can be maintained within a fixed fraction of the allowed noise rise. This fraction must be small, as it limits the resources available for user data transmission, but it also must be large enough to accommodate a sufficient number of temporarily inactive users that can be quickly scheduled when resources become free.
Example scenario: 5 active users and a control channel configuration with 1% of the max. allowed noise rise per UL DPCCH, plus 0.67% per HS-DPCCH at full CQI rate. These 5 active users will occupy 8.35% (= 5 x 1.67%) of the noise rise budget with their uplink control channels and thus, would have a maximum of 91.65% available for data traffic – if no inactive users were allowed.
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Fig. x:
UL noise situation with the current standard (now) and with the proposed scheme assuming a limited UL noise for control (Ctrl) channels

In the reference scenario (see fig. x and fig. y) it is assumed, that 20% of these traffic resources (i.e. 20% x 91,65% = 18.33% of the max. allowed noise rise) are reserved for uplink control channels of additional inactive users. This would allow for a maximum of 11 (18.33% / 1.67%) inactive users with CQI reporting per TTI, or 18 (18,33% / 1%) users with no (or only very slow) CQI reporting.
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Fig y: Gain of SIR target reduction & switching off of CQI reporting
By reducing the control channel power for these inactive users, a substantially larger number can be supported with the same amount of resources, i.e. without degrading the maximum total throughput of the 5 active users. Fig. y illustrates this increasing number of inactive users (within a fixed noise rise budget of 18.33%) over the SIR target reduction (from zero up to 6 dB), which corresponds to a proportional decrease of the transmitted control channel power and the produced noise rise at the receiving base station.

In the case of an SIR target reduction by 6dB and CQI reduction from full rate, the number of inactive users that can be supported within the given noise rise budget increases from 11 to 73, i.e. by a factor of 6.6. In a more conservative scenario – SIR target reduction by 4.5dB and CQI reduction from a reporting cycle of 4 TTIs – the number of inactive users can still be increased from 16 to 52, i.e. a gain factor of 3.25.

4.x.2.2
Reactivation Delay

Although the first transmission after reactivation is much faster with this concept than it would be considering an RRC state change, it includes a small reactivation delay compared to an always active user (note: Due to the UL noise rise limitation the number of the active users is limited.)
A simple analysis shows that this additional delay (before normal scheduling and transmission behavior of E-DCH or HS-DSCH applies) is well below 50 ms even in the worst case, when the extra retransmission is needed.
For downlink reactivation, the trigger message must be transmitted to the UE via HS-SCCH and the first CQI report must be received by the serving Node B. Assuming that the HS-SCCH is not operated at its load limit, the trigger message to the UE should be transmitted to the UE within a few TTI cycles (2ms HSDPA TTI). CQI reporting can then be restarted immediately, taking no longer than 10ms in total before the first downlink transmission can be scheduled.
The time for uplink reactivation comprises the transmission of the initial MAC-e PDU or E-DPCCH trigger signal, the transmission of the reactivation message on HS-SCCH, the power ramping to the original target SIR at the Node B, and the time for the first transmission (or retransmission) at the full power level.
In the worst case (10 ms EDCH TTI), the total delay is dominated by the HARQ cycle, which allows a retransmission only after 40 ms. The HS-SCCH signaling message and the subsequent power ramping takes only a few power control slots and will therefore be finished well before the retransmission time.
With the 2 ms EDCH TTI, the HARQ retransmission cycle is only 16 ms, thus the reactivation can be achieved much faster.

4.x.2.3
Signalling Load
Considering:

· the HS-SCCH capacity of 500 messages per sec (1 every 2ms),

· the fact that a UE has to be able to read 4 HS-SCCHs in parallel,
· the case that one HS-SCCH message would be used for deactivation and a second HS-SCCH message would used for reactivation,
· an average inactivity period of 5sec (which is rather short),

even a high number of inactive users (e.g. 80 according to fig. y) would have only a smaller impact on the HS-SCCH signalling load (80 x (2 msg/5sec)/(2000msg/sec) = 1,6%).
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