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Problem

If the UE in CELL_DCH by demand of fast power control reaches its maximum transmission power limit for uplink data transmission, it starts reducing the set of allowed TFCs according to the TFC selection procedure by blocking TFCs, which require to much power. This procedure is continued until the minimum TFCS remains.

If UE has an additional HSDPA link established, the power for the UL signalling on HS-DPCCH (ACK/NACK, CQI) is neither included in the calculations for determining the Minimum TFCS nor into the UE measurement reports for transmission power. Nevertheless the UE is required to send the according Uplink signalling regardless of its power situation either when data were scheduled on HS-DSCH or caused by periodic CQI reporting. 

Since the timing of scheduling is totally unrelated to the TTI timing on DPCH, the time when the UE shall send UL data on DPCH already with maximum available power and additionally shall send  HSDPA uplink signalling is unpredictable for the UE, thus forcing the UE into a contradicting situation.

There are problems now for the UE, the Node B and the UTRAN

· The UE will be forced to use power beyond allowed respectively available transmit power.

· The Node B will have problems to receive the uplink signalling for HSDPA correctly, if it is not sent with the required power. Especially since the tight UE power situation is likely to be caused by a bad uplink situation to all NodeBs in the AS.

· The UTRAN will loose throughput on the HS-DSCH of the concerned Node B, because data will be scheduled to this particular UE without success, thus on the one hand providing useless bandwidth to this UE on the other hand stealing from the bandwidth for UEs with proper conditions. 

Discussions

In the RAN WG2#41 meeting the discussion on this topic and possible solutions was presented in R2-040622.

Since there are no feasible ways seen to further reduce the Minimum TFCS there are in principle a few remaining methods to overcome the power problem in the UE while it is in a limited situation: 

· Stop/start of data scheduling under RNC control

It is not seen feasible to introduce new signalling to support start or stop of scheduling. Also in R2-040622, it is shown, that the currently defined measurement reports do not support detection of the power limited situation in UE.

· Sharing of the uplink power between DPDCH and HS-DPCCH:

This is seen a drawback, because since the situation results from a bad uplink to all Node Bs involved in the AS, this solution further degrades both the uplink for the DPDCH and the reception at the HSDPA scheduling Node B.  

· No uplink signalling on HS-DPCCH at all while UE is in limited power situation (HS-DPCCH DTX)

This is only seen advantageous, if the Node B in combination stops scheduling as soon as it detects this. 

· Stop/start of data scheduling in the Node B with explicit signalling

CQI based: Besides of introducing new signalling, it is possible to use the remaining reserved CQI value (CQI=0) to explicitly signal a scheduling stop to the Node B. Besides the loss of a reserved value for future corrections, there is still a need for a condition to restart scheduling on HSDPA.

TFCI based: Signalling limited power situation is encoded into the TFCI. Since this might introduce change in Layer 1 protocol, it is not seen as feasible. 

· Stop/start of data scheduling in the Node B without explicit signalling:

· Stop on detection of missing uplink signalling (ACK/NACK, CQI), schedule otherwise

Missing signalling could be detected e. g. by measuring received code power in releation to DPCCH. But since this can also result from a missed scheduling on the UE, it is not seen as a reliable stand alone criteria.

· Stop on detection of TFC out of a minimum TFCS, schedule otherwise

Since the Node B has knowledge of the UL TFCS it can detect if the UE uses one of these TFCs.
Since this can also result of the required uplink data rate, it is not seen as a reliable stand alone criteria, but it can be used to increase plausibility of HS-DPCCH DTX criteria above. 

· Stop/start of continuous power up/down commands to fast power control in UE

The Node B can track the own power up/down commands to the particular UE.
But of course since UL transmission power in UE is determined by all Node Bs in the AS the power up commands are not a good stand alone criteria for the limited situation, but it could be used to increase plausibility of the criteria above. 

There are a couple of criteria for the Node B to assume that the UE might be in a power limited situation. Even if there will be no absolute reliability of the decision, the reliability can be increased by using a combination of all the criteria. 

Proposed solutions

From the reasons above we conclude that a combination of HS-DPCCH DTX in the UE and Start/Stop of scheduling without explicit signalling but with an enhanced plausibility for detection in the Node B is a feasible way to overcome the problem.

In detail we propose the following solution.

The UE should/shall:

while the allowed TFCS is equal to the minimum TFCS and the maximum transmission power (taking into account any PA backoff applied, subject to discussions in RAN4) is reached 

not transmit on the HS-DPCCH 

when it is estimated that the power requirement for minimum TFCS + HS-DPCCH + Re-start Hysteresis is below the maximum transmit power, taking into account any PA backoff, 

re-start HS-DPCCH transmission.

The purpose of the re-start hysteresis parameter is to prevent rapid switching between HS-DPCCH on/off when the UE remains in a power limited situation.

The Node B may:


while the following condition for a particular UE is met during the previous N subframes:

no ACK/NACK or CQI are received on the HS-DPCCH; and

on UL DPCH, the used TFC is below pre-defined TFC, TFCStop 
not schedule HSDPA data for this UE, even if required.

The Node B may:


if the following conditions for a particular UE are met:

a CQI is received on the HS-DPCCH; or

on UL DPCH, the used TFC is above a pre-defined TFCstart ; or

on UL DPCH, the used TFC is at or below a pre-defined TFCstart  and The Node B required continuously power down for a certain number [tbd] of radio slots or a certain time interval [tbd]

schedule data for this UE as required from now on.

or  the Node B may alternatively 

schedule data for this UE as required after at least a certain time interval [tbd or configurable]; and


if as a consequence the following conditions for a particular UE are met:

an ACK/NACK or CQI is received on the HS-DPCCH; or

on UL DPCH, the used TFC is above a pre-defined TFCstart ; or

on UL DPCH, the used TFC is at or below a pre-defined TFCstart  and The Node B required continuously power down for a certain number [tbd] of radio slots or a certain time interval [tbd]

schedule data for this UE as required from now on.

Conclusion

The paper shows the problems, if the UE is in limited power situation together with HSDPA uplink signalling. 

Different solutions are discussed and a reliable and feasible solution is presented. Siemens proposes to adopt this solution and is ready to present CRs for the relevant TS.










