
TSG-RAN Working Group 4 meeting #36 
Tdoc R4-050772

London, UK, 29th August – 2nd September 2005
Source:
Siemens
Title:
Proposal on how to realize Continuous Connectivity for Packet Data Users

Agenda item:
7.4
Document for:
discussion
1. Introduction

At RAN meeting #28 in June 2005, "Continuous Connectivity for Packet Data Users" was proposed as a new work item (RP-050337 [1]). Finally, "Continuous Connectivity for Packet Data Users" was approved as a new study item (SI) in RP-050391 [2] "to start with a Study Item for a short period, to present the merits on the techniques to be introduced".

The finalization target for this SI was decided by RAN #28 to be Sep. 2005 (i.e. RAN #29).

In order to achieve this target this contribution provides:

· the reasoning/motivation to start a corresponding SI/WI;

· a description of the proposed concept to solve the problem addressed by the SI/WI;

· a summary of the merits of the concept.

2. Motivation

The strong move towards packet data transmission in wireless and mobile communications, reflected, for example, by the introduction of novel packet-oriented features like HSDPA and E-DCH into WCDMA/UMTS, promotes the users’ and operators’ desire for continuous connectivity for packet data. Continuous connectivity denotes the ability of a user to stay connected over a long time span with low delay transitions between periods of inactivity and data transfer even when there are only occasional periods of data transmission. This is the mode that users of fixed broadband access (e.g. DSL) are becoming used to, provision of continuous connectivity capability in mobile networks is therefore an important precondition to attract users from fixed broadband networks.

One main point that limits the number of continuously connected packet data users in UMTS is the bottleneck of the limited UL noise rise. Annex A explains how the UL control channels contribute to this noise rise and how this limits the number of continuously connected packet data users.

This document presents proposals which reduce the UL noise rise from physical control channels of inactive packet data users when in Cell_DCH state and when bearers are mapped to HSDPA/E-DCH. This is intended to significantly increase the number of inactive packet data users that can stay in CELL_DCH state over a long time period without degrading cell throughput and that can restart transmission with a much shorter delay (<50ms) than would be necessary if UEs are transferred from another state before data can be transferred.

3. Concept Description

3.1 Considered Scenario

For this concept we focus on user connections configured on HS-DSCH and E-DCH only, i.e. without additional DPDCH in the uplink or downlink, where the serving Node B for E-DCH and HSDPA is the same.

The SRBs are assumed to be mapped on HS-DSCH in downlink (as is necessary for F-DPCH, anyway) and on E-DCH in uplink (which is no significant restriction, as non-scheduled transmission can be applied). In this configuration, the user transmits in uplink the DPCCH, the HS-DPCCH, the E-DPCCH and the E-DPDCH. The latter two are automatically DTXed, when no data (or rate requests) need to be transmitted on E-DPDCH.

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 (>> 100 ms) are avoided and the user is staying in CELL_DCH state.

The following subsections outline the major steps of the proposed concept.

3.2 Traffic inactivity phase

Detecting traffic inactivity

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.

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.

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 subsections such a reduction of Tx power on UL DPCCH will be called 'reduced power mode'.

Maintaining stable connection on UL DPCCH (robustness of reduced power mode)

The robustness of the connection while transmitted at reduced power can be improved by further measures regarding the inner loop PC behavior in the UE, and require that the UE is notified of the 'reduced power mode'. The UE can be notified by using another new message on HS-SCCH (as described above). On receiving this message, the UE shall:

a) modify its UL power control by applying a higher step size when receiving a 'power up' TPC command on the DL DPCCH. This will automatically increase the UL DPCCH power, when the error rate on the DL DPCCH increases and so it will keep the power control stable.

b) modify its DL power control similar to DPC_MODE=1, i.e. repeating TPC commands on the UL DPCCH (for the downlink) in multiple successive slots. This achieves higher detection reliability in the Node B at the expense of a slower power adjustment to changing channel conditions (which is assumed to be acceptable during 'reduced power mode').

3.3 Reactivation phase

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. We consider here 2 possible alternatives:
1. 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. 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.
Restarting CQI reporting

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).

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.

If the robustness modifications (see section 3.2) or the reactivation improvements (see section 3.3) have been implemented as proposed above, the Node B will also send a reactivation message to the UE (again, via HS-SCCH), and the UE will respond by restoring the modifications of the power control behavior on the UL and DL DPCCH to their original mode (as configured by RNC) and 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.

3.4 Interworking of the concept

Cell changes and Soft Handover

Measurement reports from the UE and RNC-triggered signaling of changes in the active set and 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.

When applying the UE power control modification similar to DPC_Mode=1 (as described in section 3.2 under b.) the non-serving cells in SHO will not know this and receive repeated TPC commands. This will lead to an increased variance of the received power on the DL DPCCH, which may slightly reduce the power efficiency, but this will not harm the robustness of the connection.
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 reflect 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. Expected Performance 
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Fig.1:
UL noise situation with the current standard (now) and with the proposed scheme 
assuming a limited UL noise for control (Ctrl) channels

The results shown in this section are based on the rather conservative assumption of 1% noise rise per UL DPCCH explained in Annex A.

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. As an example, we consider a scenario with 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 (see Annex A). 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. In our reference scenario we assume instead, that 20% of these traffic resources (i.e. 18.33% of the max. allowed noise rise) are reserved for uplink control channels of inactive users. This would allow for a maximum of 11 inactive users with CQI reporting per TTI, or 18 users with no (or only very slow) CQI reporting.
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Fig 2: 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. 2 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.

A reduction of the SIR target for inactive users in the expected range between 3 and 6 dB thus increases the number of inactive users that can remain in CELL_DCH state by a factor 2 - 4. Switching off the CQI reporting brings an additional gain between 0 and 67% depending on the CQI reporting cycle. In the best case – 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.
Reactivation Delay

In exchange for the higher number of users in 'reduced power mode', it takes longer to restart data transmissions from that mode, as it is first necessary to restore the normal control channel operation. A simple analysis shows that the 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 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 some waiting time for the first transmission (or retransmission) at the full power level. In the worst case (10 ms 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 take only few downlink TTIs or power control slots, respectively, and will therefore be finished well before the retransmission time. With 2 ms TTI, the HARQ retransmission cycle is only 16 ms, thus the reactivation can be achieved much faster.
Signalling Load 

The proposed concept requires (at most) 4 HS-SCCH signaling messages per user for each deactivation cycle. Assuming a maximum of 80 users and an average deactivation cycle of 20 sec, the average (additional) signaling rate amounts to 4 * 80 /20 = 16 msg/s. With a capacity of 500 msg/s on a single HS-SCCH, this makes an additional load of 3.2%. Assuming a typical HSDPA configuration with 4 HS-SCCH instances in a cell, the additional signaling load would be only 0.8%. This is practically negligible and suggests that much shorter deactivation cycles (~ 5 sec) can be supported without significant impact on the downlink performance, and without increasing the number of signaling channels.
5. Conclusion

With this presentation of the motivation, the concept and its merits the goals of the SI phase are considered as fulfilled.

Therefore a corresponding work item can be started at RAN #29 in September 2005.

During the WI phase it will be decided how to most efficiently introduce the concept in the standard (e.g. deciding about some of the mentioned alternatives). So in order to bring corresponding proposals to the next WG meetings on how to realize the concept in the specifications further feedback is very appreciated.
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Annex A: Estimated UL noise rise due to control channels

Analysis of typical power configurations for packet services at high data rates on UL DCH shows, that more than 1% of the total allowed noise rise must be allocated to a single DPCCH (for PS64), rising up to 2.5% with higher data rates or higher mobile velocity.

Assuming that E-DCH will require similar control channel power under similar conditions (i.e. during data transmission on E-DPDCH), an assumption of a 1% noise rise target per UL DPCCH can be regarded as rather conservative, even when considering a higher total allowed noise rise in E-DCH configurations.

When HSDPA is configured in the DL, the corresponding uplink control channel (HS-DPCCH, carrying the CQI reports and HARQ acknowledgements) is transmitted at a given amplitude ratio to the UL DPCCH, which can be set between 1/3 and 2, but is typically configured at 1, i.e. equal power on DPCCH and HS-DPCCH.

In idle periods with no DL transmission, no ACK/NACKs will be transmitted, which reduces the noise rise contribution of HS-DPCCH by 1/3, but still leaves a total of 1.67% for the uplink control channels of a single user (if CQI reports are transmitted every TTI). This means, that 60 users (100%/1.67%=60 user) configured for HS-DSCH and E-DCH will already produce 100% of the total allowed noise rise with their control channels alone, i.e. without transmitting a single bit of user data.
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