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1. Introduction 

In the previous meetings, the issue of HS-DPCCH transmission and possibility of UL power congestion has been discussed. In this paper we address this topic further and propose various possible solutions. 

2. Discussion 

For uplink transmission, the UE selects a transport format from a valid list of TFC’s at the start of a TTI boundary. An UL DPCH TTI could be 10, 20, 40 or 80ms long. In R99 specifications, TFC selection mechanism provides long-term behaviour to manage situations in which the UE may not have enough power to support certain transport formats. The TFCs which cannot be supported are eliminated from the selection list. The problem with this mechanism is that when HSDPA is active, the HS-DPCCH ack/nack transmissions are purely dependent on the Node-B scheduler and it is difficult for the UE to select a TFC which is suitable for the transport channels as well as for any HS-DPCCH transmission that may overlap with the current DPCH TTI.  Even with a minimum set of TFC’s, a UE could hit the power limits due to for e.g. deep fade situations or when transmitting at the cell edge.  
Different solutions for handling this issue are discussed below: 
Always HS-DPCCH method

In this method, the UE always reserves power margin for HS-DPCCH. This could ensure adequate performance for HS-DPCCH. The problem with this approach is that it may be too conservative and resource inefficient. Reserving power for HS-DPCCH will result in less available power for other channels carrying important user and control data, even when there is no HS-DPCCH transmission. 

No HS-DPCCH method

The other extreme approach is for the UE to select TFC assuming that there will be no HS-DPCCH transmission. This approach is beneficial for transport channels on the uplink, but could result in severe ACK/NACK and CQI errors on HS-DPCCH. This is not desirable as it could result in waste of resources, since the Node-B could continue to schedule the UE although the UE may not have enough power to support HSDPA signalling.

DTX HS-DPCCH transmission

During the RAN1 adhoc meeting in Espoo, it was suggested that in power congestion situations, the UE could choose to DTX HS-DPCCH transmission. With this approach, the UE could save power for the UL transport channels. But if the congestion state continues while the Node-B is unaware of the power situation at the UE, it could continue to schedule the UE, resulting in waste of resources and loss of throughput.
Equal compression method

This is one of the methods under consideration also mentioned by RAN4 [5]. One problem with this approach may be that if there are not enough power margins, then compressing power equally across all channels may result in loss of important information for e.g. higher layer signalling over DCCH. To avoid this problem, use of another Beta factor βhs’ may be considered. The UE could use this beta factor to redistribute power according to priority of the channels. This new beta factor could be signalled along with the other beta factors from the network. Typically,   βhs’ < βhs. 
Whether equal compression method is preferred or another Beta factor value is used or HS-DPCCH is DTXed, in all cases, loss of HSDPA performance and waste of resources could occur. 
Indication of congestion state to the Network

To avoid the waste of resources and loss in HSDPA performance, it is desirable to have some fast means of indication to the network about the congestion situation. So, when the UE has a minimum set of TFC and it is running out of power, then it could indicate this situation to the network.  The network could then react appropriately for e.g. it could decide not to schedule that UE until it is out of the power congestion situation. 

There could be several possible ways in which it could be done:
DPDCH BLER monitoring
One possible implementation based method would be to monitor uplink DPDCH BLER. If there are too many consecutive errors, it may indicate that the UE is facing power congestion problem. But, the accuracy of the information is not guaranteed and the response from the network could be too slow.
RRC signalling method

The congestion indication could be signalled over RRC. During congested mode, the UE will DTX HS-DPCCH transmission. When it is out of the congestion state, it could indicate this using either RRC or by sending a normal CQI value. 

The drawback with this approach is that due to delays associated with RRC signalling, the response from the network may not be fast enough.

CQI based signalling 

Another approach to consider is the use of CQI signalling. Currently, CQI=0 value is unused which could be used to indicate to the Node-B about the congestion situation. When the UE is about to hit the power limits, it could transmit CQI=0. When the Node-B receives this CQI, it could then put that UE in non-scheduled mode. During the congestion state, the UE will DTX HS-DPCCH transmission, until it comes out of congestion mode. At that time, the UE could resume the transmission of normal CQI which would indicate to the Node-B that the UE is back in scheduled mode. 
The advantage of this approach is that the network is able to react quickly at the beginning and at the end of the power congestion problem, thus reducing any impact on HSDPA performance.  
3. Conclusion 

In this paper, we have discussed the issues of power congestion and HS-DPCCH transmission and have proposed various possible solutions. We recommend that to deal with UL power congestion problem, following solutions should be considered:
1. When the UE has a minimum set of TFC and it is running out of power, then it should use some kind of fast signalling approach to tell the network about this situation. Use of CQI is suggested for this purpose. 

2. When the UE is already in power congestion state, it could use either of the following methods, followed by sending congestion indication to the Node-B :

· DTX HS-DPCCH  
· Apply equal compression across all channels.

· Use another Beta factor value.
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