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1. Introduction

This document aims to present for discussion an issue regarding how the reporting of CQI is affected by downlink transmission gaps with the aim of clarifying UE behaviour in such a case.  

2. Discussion

The UE behaviour for transmitting uplink HS-DPCCH in the case of compressed mode on the associated DPCH is described in clause 6A.3 of TS 25.214.  This behaviour is defined in terms of the impact on the uplink transmitted channel (namely ACK/NACK  and CQI reporting) in the case of an uplink transmission gap.

As defined in 6A.2 of [1], the transmitted CQI information is based on observations made on the downlink so that 

“Based on an unrestricted observation interval, the UE shall report the highest tabulated CQI value for which a single HS-DSCH sub-frame formatted with the transport block size, number of HS-PDSCH codes and modulation corresponding to the reported or lower CQI value could be received in a 3-slot reference period ending 1 slot before the start of the first slot in which the reported CQI value is transmitted and for which the transport block error probability would not exceed 0.1.”

During a gap in the downlink transmission, the UE is unable to make an observation of the channel quality as the receiver is tuned to another frequency while measurements are made during the gap.  Figure 1 below presents an example of  the extreme case where the feedback cycle is short.  As the simple figure illustrates, the observation interval may include up to the start of the downlink gap the observation interval and this could mean that the observed channel conditions may not necessarily reflect the channel conditions during the 3-slot reference period.  The UE may transmit a CQI value based on the last possible observation before the gap in this situation however the criteria specified in 6A.2 may not be met.  The situation may be compounded by the length of transmission gap, short CQI feedback cycle k and the transmission gap frequency.
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Figure 1: Scenario for k=2ms coinciding with downlink transmission gap

An alternative scenario is presented in Figure 2 which demonstrates a CQI reporting scenario with longer repetition cycle.  In the scenario below, direct observation of the reference period P0 can not be made as it coincides with a downlink transmission gap. The CQI value reported in the slots for sub-frames marked R0 can based on channel quality observations made before the gap. 
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Figure 2:  Scenario for k = 20 ms and N_cqi_transmit = 4

3. Conclusion

There are several options open to the UE in situations where the reference period may be misaligned with latest possible channel quality observations before a downlink transmission gap.  The first option is that the UE does not transmit CQI information for which an observation could not be made that reflects the channel conditions in the specified reference period.  This option reduces the amount of uplink traffic (and hence uplink interference) however it is not clear how Node B will be impacted. 

A second option is that the UE transmit a CQI value based on observations made before the downlink transmission gap but not necessarily in line with the reference  period.  This option has the penalty of sub-optimal modulation selection such that the conditions specified in 6A.2 may not be met. 

A third option is that Node B scheduling take downlink transmission gaps into account when scheduling transmission of  CQI values.  While this may already be the case, there is nothing in the physical layer specifications describing this.  

NEC has no preference for either of the presented options however feel that the system behaviour in such situations should be defined to remove any ambiguity that may cause unwanted interactions between different UE implementations and Node B.
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