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1. Introduction

This contribution attempts to summarize different approaches for downlink channel quality estimation scheme that are under RAN1 discussion.  Downlink channel estimation is needed for adaptation of MCS and for HS-PDSCH resource allocation criteria that construct a large part of HSDPA structure, thus requiring a thorough analysis.　Objective of the paper is to compare advantages and disadvantages of each scheme and to identify pending issues that still need to be studied before proceeding to the final selection of the estimation scheme. 

2. Alternatives for downlink channel quality estimation scheme

There exist three basic schemes for downlink channel quality estimation that were presented and discussed so far.

1. Fast C/I feedback.  Explicit C/I is reported from UE every HS-DSCH TTI (or at equivalent rate).[1]
2. Slow/Variable C/I feedback. Explicit C/I is reported from UE every N-th HS-DSCH TTI to reduce C/I feedback rate.  DPCH Power control information is used to estimate the change in channel condition from the last reported C/I. [2]
3. No explicit C/I used.  DSCH C/I is obtained from DPCH transmit power only. [3]
In addition, a proposal that utilizes ACK/NACK information for MCS selection was presented at the last meeting [4].  However, it is excluded from our analysis at this time, as the proposed scheme can be applied to enhance any of the above alternatives, and, if used by its own, it is not fully clear how the scheme behaves under burst type traffic and when used in conjunction with H-ARQ. 

2.1. Fast Explicit C/I feedback from UE

In this scheme, HS-DSCH reception quality is measured by UE and fed back to Node-B every HS-DSCH TTI (or equivalent) as illustrated in Figure 1. 
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Figure 1 MCS/Resource allocation using explicit C/I feedback from UE

The scheme is the most simple and straightforward approach for Node-B to know the HS-DSCH quality seen by UE.  On the other hand, however, major drawbacks to this scheme are that:

A) All UE in HS-DSCH connected state need to continuously transmit C/I report causing stress on uplink radio resource and, possibly, UE power consumption.

B) Reported C/I measure does not necessary reflect current channel quality, as the delay associated with feedback is relatively large.

C) Definition of C/I needs to be agreed. 

This scheme is referred as the base-line scheme as this is the most extensively analyzed scheme during feasibility study stage and beyond.

2.2. Slow/Variable C/I reporting from UE

In this scheme, explicit C/I is fed back occasionally to reduce UL transmission.  Node-B uses TPC information to monitor channel variance from the last reported C/I feedback to obtain current channel condition as illustrated in Figure 2. 
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Figure 2 MCS/Resource allocation using TPC to reduce the C/I feedback rate

Advantages for this scheme are:

A) C/I feedback rate is reduced significantly, thus reducing the use of UL radio resource and UE power consumption, without sacrificing the HS-DSCH performance.  System simulation results where C/I is reported only once in 320msec has been presented previously in [5].

B) Effective feedback delay is kept minimal with use of TPC command enabling more accurate channel estimation for efficient use of DL radio resource.

C) No complicated algorithm needed for C/I update. TPC is used only as relative measure compared to the reported C/I.

D) Scheme is flexible in a way that downlink channel quality for HS-DSCH can be obtained independently from UE receiver architecture/performance since UE can be made to report “true C/I or expected C/I for HS-DSCH” from received signal according to its performance target, signal enhancement, or interference suppression capability.

E) A solution for maintaining quality estimation accuracy during DPCH soft-handover exists [5].  During DPCH soft handover, there is no direct correlation between TPC and HS-DSCH quality since site diversity gain is not available for shared channel.  RRC message to re-configure C/I feedback rate can be used to increase the C/I feedback rate for users in soft-handover state if desired.  UTRAN may choose to trade-off UL radio resource usage to channel estimation accuracy for users in soft-handover state.  

F) Alternative 3 (No C/I reporting) can be thought as an extreme case of this scheme with C/I feedback rate = 0.  UTRAN may use this mode if it desires.

Disadvantages/pending issues for the scheme are:

A) Definition of C/I needs to be agreed.
B) Need to allocate uplink resource (bits).  In order to determine how number of bits needed, inaccuracy due to quantization noise need to be evaluated.  Initial simulation results show that even with simple linear quantization, allocating 16-level (4-bit) is sufficient [6].  More elaborate evaluation using different simulation assumption may be needed.
2.3. No C/I reporting from UE

This scheme uses DL DPCH power for estimation of HS-DSCH quality as illustrated in Figure 3.  Using the target_BLER of reference transport channel, its physical layer parameters, and physical layer characteristics (BLER vs. Ec/No), amount of noise seen by UE is estimated from current DPCH TX power.  
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Figure 3 MCS/Resource allocation using TPC (DL DPCH TX power)

Advantage for this scheme is:

A) C/I feedback is not required. No Uplink resource is used for channel quality estimation. There is no need for definition of C/I.

B) Effective feedback delay is kept minimal with use of TPC command enabling more accurate channel estimation for efficient use of DL radio resource.

On the other hand, since there were no detailed discussions held so far, there are several key issues that need to be clarified using this scheme. Disadvantages/Pending issues for this scheme are:

A) All Node-B capable of providing HS-DSCH must be very smart in a way that it is able to convert DPCH TX power to HS-DSCH quality under all possible DPCH physical/transport channel configurations (TX diversity, SF, PO3, Rate Match, Channel coding, TTI, TrBlk size, QoS, etc.).  Impact of non-ideal nature of the conversion mechanisms need to be investigated as well.

B) Conversion of DPCH TX power to DSCH quality is dependent on UE receiver implementation.  Our understanding is that two mobiles having exactly same service, same configuration, and same PDPCH transmission power may have completely different HS-DSCH quality due to the difference in DPCH/HS-DSCH receiver structure/performance. A solution is needed to cope with various terminals with different performance.

C) Need for correction mechanism during DPCH soft-handover.  It is possible that concept proposed in [4] may give some performance benefit. 

D) Need for estimation mechanism for a case where DPCH carries data with no reference transport channel for BLER estimation.

E) Impact of non-ideal nature of closed loop power control has not been evaluated.  Non-idealness of power control includes target BLER fluctuations, target SIR fluctuations, and SIR estimation fluctuations.  Need to come up and agree with realistic simulation assumption for evaluation.

3. Summary

Different approaches for downlink channel quality estimation for the use for MCS selection and resource allocation were summarized.  Each scheme has its advantages and disadvantages, and, when it comes to a time for selecting the estimation scheme, it is essential that solutions to all pending issues be provided.  Given the current evaluation status, it seems that alternative 2 using slow or variable C/I feedback is the most reasonable approach for channel quality estimation scheme. 
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