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1. Introduction and Background

UE requirements for the receiver diversity (advance receiver) are being currently specified in RAN4 with the aim of enhancing the HSDPA system performance. These new requirements are discussed under the work item ‘Improved Receiver Performance Requirements for HSDPA’. The scope of this work item is limited to HSDPA performance and does not cover any requirement of the associated dedicated channel (A-DCH) used during the HSDPA session. This means that in practice the implementation of the receiver diversity on the A-DCH may not be guaranteed. This paper argues that from the system point of view it is equally important that the Rx diversity is also applied on the A-DCH in addition to the HSDPA channel.      

2. Discussion

The aim of the work item on the improvement of the HSDPA receiver performance is to specify HSDPA related requirements (CQI, FRC, HS-SCCH etc.) in line with the simple receiver case [1]. The new tests/requirements would ensure that release 6 compliant UE implements Rx diversity when HSDPA channel is activated. The implementation of the Rx diversity on the HSDPA channel means that the UE reports higher CQI value compared to the case when no Rx diversity is used. It is an underlying assumption that for the purpose of scheduling the network will solely utilize the reported CQI. In this case the Rx diversity would also lead to system improvement (e.g. throughput gain). 

2.1. Channel Quality Estimate on A-DCH

From the network point of view the scheduler needs the instantaneous channel quality and CQI is only one such measure. As shown in figure 1 every HSDPA UE is also allocated an associated dedicated channel (A-DCH) on which closed loop power control is in operation. 
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Figure 1. Channel structure used in HS-DSCH transmission.
Indeed, the downlink channel quality is proportional to the A-DCH transmit power level measured at the Node B. In other words the reported CQI and the A-DCH transmit power (PA-DCH) can be related by (1): 
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In (1), ( is the proportionality constant, which is known by the network. Hence, the network can measure the channel quality by simply measuring the average transmitted power level on the A-DCH over one TTI (2 ms) interval. If the Rx diversity is used only on the HSDPA and not on the A-DCH then the channel quality measured according to (1) would be lower than that reported by the UE (i.e. CQI). 

The above channel quality estimation scheme is solely based on the A-DCH measurement. An intermediate scheme would be to use the downlink TPC commands in conjunction with the infrequent CQI reports. The main idea is to allow the UE to report the CQI infrequently by configuring the CQI report cycle through layer-3 signalling [2]. The possible values of the feedback cycles are [0, 1, 2, 4, 5, 10, 20, 40, 80] TTI, which correspond to [0, 2, 4, 8, 10, 20, 40, 80, 160] ms respectively [2][3]. The downlink TPC commands, which are transmitted on the uplink, can then be used at the Node B to interpolate the CQI between the successive CQI reports according to the following expression: 
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In (2), ( is the CQI compensation step size in dB and it can take any positive value, i.e. ( ( 0. The TPCDL in (2) has the following meaning:
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In order for this scheme to provide gain comparable to that obtained from frequent CQI case (1 TTI), the Rx diversity should also be applied on the A-DCH channel.

In soft handover the UE sends the same TPC command to all the base stations. Due to independent transmission errors, the received TPC commands can be different on different base stations leading to power drift between the base stations. Therefore, in soft handover the CQI update based on the TPC command is less reliable. Thus above indicated channel quality measurement schemes are applied only to the non-soft handover users.

2.2. Rational for Using A-DCH for Channel Quality Estimate

This provision of measuring channel quality on A-DCH certainly provides more options to the network. But the real advantage is obtained in terms of uplink load reduction as explained further. In HSDPA the scheduling is done on TTI basis. To facilitate channel dependent scheduling all the HSDPA users would be required to report their CQI every TTI. In addition, there can be large number of HSDPA sessions in each cell. Hence too frequent CQI reporting (e.g. every TTI) would cause high uplink load, especially when large number of UEs in the cell are awaiting transmission on the HS-DSCH channel. Furthermore, frequent CQI reporting could also consume the UE battery life. 
3. Proposal

The Rx diversity related requirements under discussion in RAN4 are aimed only for the HSDPA. Hence the Rx diversity can only be assured on the HSDPA related channels and not on the A-DCH. Though it is probable that in certain implementations the Rx diversity is also activated on the A-DCH during an HSDPA session. But the only viable way to ensure that the Rx diversity is applied on both HSDPA and A-DCH during an HSDPA session is to specify certain number of tests/requirements for the A-DCH with Rx diversity. 

The aim is to have only few tests with Rx diversity and not to repeat the whole bunch of DCH tests as specified earlier for the single receive antenna case [1]. In order to be consistent, the test cases for A-DCH with Rx diversity are to be defined for release 6. It is suggested that the new test cases are included in the specification under the technical enhancement of release 6.

4. Conclusions

In HSDPA the channel dependent scheduler requires the instantaneous channel quality estimate of all the active HSDPA users to benefit from the fast channel variations. In order to enhance the HSDPA performance, the requirements are being specified for HSDPA with Rx diversity. This would lead to improved system performance in reality only in case CQI is used as the sole criterion of the channel quality estimate. However, seen from the network the channel quality can also be based on the A-DCH transmitted power measurement or combination of CQI and DL TPC commands received at the Node B on A-DCH. As no tests are being currently considered for the A-DCH with Rx diversity, which would lead to mismatch between the reported quality on CQI and the measured channel on A-DCH. It is therefore proposed that few tests should also be specified for the A-DCH with Rx diversity (release 6) to ensure that the network is also able to fully reap the benefits of the Rx diversity when using A-DCH for channel quality estimation.
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