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1. Introduction

In RAN Plenary Meeting#24 it was agreed that the study item on Radio Link Performance enhancements would remain open to allow further investigation on the proposal “ACK/NACK Transmit Power Reduction for HS-DPCCH with preamble and postamble” see section 6.7 in TR 25.899  “HSDPA enhancements” [1]. The meeting concluded that as the claimed coverage improvement had not been sufficiently proved in WG1 the Study would be kept open for 3 additional months in order to clarify the benefits. This issue is addressed in [2].

More clarification was also sought on the implementation complexity at the Node B receiver. This document is intended to examine this point. 

The UE would need to implement a minor modification to the ACK/NACK transmission procedure, for which the increase in complexity is insignificant and is not considered further here.
2. Receiver Implementation 

2.1 Release 5

According to the current specification for HS-DPCCH, a receiver at the Node B could be implemented by despreading of 1 slot, followed by a correlator matched to the bit sequence corresponding to ACK.  This correlator output could then be compared with a couple of thresholds to determine whether the most likely transmission was ACK, NACK or DTX.   

For comparison purposes it is of interest to consider the processing required to receive CQI at the Node B.  This could be implemented by despreading of two slots, followed by correlators matched to each of the five basis sequences of the (20,5) code. Then comparison operations are needed to decide of the value of each bit in the CQI word.   

2.2. Proposed Enhancement

In outline, the scheme requires that the UE should send a PRE signal immediately following detection of the HS-SCCH (i.e. in the subframe before the corresponding ACK or NACK), and a POST signal following an ACK or NACK (unless these subframes are used for ACK or NACK for an adjacent packet).  This is illustrated by the state diagram in Figure 1. The PRE/POST signals are modified versions of the ACK/NACK signals, and are transmitted in the same position within the HS-DPCCH subframe. Full details of the scheme are given in [1].
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Figure 1:  State diagram of scheme for ACK detection threshold reduction
For a given power offset between HS-DPCCH and DPCCH, the extra information given by the presence of the PRE and POST signals allows greater confidence in detection of ACK’s and NACK’s at the Node B.

According to this procedure, the following are pairs of possible codewords which may be transmitted in sub-frames n-1 and n respectively:
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Some further restrictions can be identified depending on which sub-frames had packets transmitted:

· PRE can never be transmitted in sub-frame n if no packet was transmitted in sub-frame n+1;

· ACK and NACK can never be transmitted in sub-frame n-1 if no packet was transmitted in sub-frame n-1;

· POST can never be transmitted in sub-frame n-1 if no packet was transmitted in sub-frame n-2;

· POST can never be transmitted in sub-frame n if no packet was transmitted in sub-frame n-1.

The receiver algorithm can be designed to make use of this information. For example the results presented in the TR [1], assumed a procedure as outlined below:

(1) Determine which of five possible variants of the processing procedure is to be used, based on whether packets were sent in the next sub-frame and the previous two subframes, and the decoded signals from the previous two subframes.

(2) Excecute the first stage of detection, which requires comparison of up to three correlator outputs (for ACK, PRE and POST waveforms)

(3) Execute the second and final stage of detection which depends on the results of step (2) and may require another comparison of up to three correlator outputs. 

(4) Based on the results from steps (2) and (3), determine whether ACK/NACK/ DTX/PRE/POST has been received.

However, the receiver implementation is not restricted to using this approach, and a variety of alternatives are possible. One alternative approach with a simpler structure (but not necessarily lower complexity) is as follows:

(1) Based on the known sequence of packet transmission, determine the possible transmitted signals in the current and previous subframe (e.g. using the scheme in Figure 1).

 (2) Derive in each subframe the likelihood values for each of the possible transmissions: ACK/NACK/ DTX/PRE/POST (based on correlator outputs for each signal). 

 (3) Multiply the likelihoods for each signal in each possible signal pair and pick the largest as the detected signal (e.g. using the scheme in Figure 2). (Note that this operation is not necessary for all the signal pairs which are detemined as “not possible” in step (1).)
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Figure 2: Derivation of possible signal pairs for previous and current subframes
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Figure 3: Derivation at the receiver of most likely transmitted signal

In practice the likelihood metric could be replaced by log-likelihood or a distance-based metric, in which case the processing in Figure 2 could be modified appropriately. 

3. Complexity Evaluation

3.1 Assumptions 

We consider the total node B processing which might be required under typical conditions:-

· Four HS-SCCH in the downlink

· 8 active users (monitoring HS-SCCH) = Nu 

· 4 users receiving transmissions per subframe = Ntx
· CQI transmission in every subframe for each active user 

· No repetition of ACK/NACK

· No repetition of CQI
Since despreading is a common requirement, and a basic function required in the Node B receiver, we do not consider this aspect significant in the complexity analysis.   

We evaluate the number of operations per subframe, taking worst case assumptions, and applying some weighting factors to try and take into account that some operations are relatively more complex than others.  
We also consider the number of storage locations required. For the processing envisaged, 16 bits should be sufficient.

3.2 Release 5 

3.2.1 ACK/NACK

We assume that the use of a 10 bit correlator matched to ACK is required for each packet which has been transmitted. Since the NACK signal is the inverse of that for ACK, the same correlator output can be used to detect NACK’s.

Table 1: Processing for Rel 5 ACK/NACK

	
	Correlation operations
	Compare operations

	
	10. Ntx
	2.Ntx

	Total
	40
	8

	Complexity weighting
	1
	2

	Weighted total
	40
	16


Total (weighted) = 56

Table 2: Storage for Rel 5 ACK/NACK 

	
	Received ACK/NACK bit sequences
	Correlation results

	
	10. Ntx
	Ntx

	Total
	40
	4


Total = 44

3.2.2 CQI

The complexity of CQI reception is included for comparison purposes.

The CQI  information is coded using a (20,5) code. Detection of each of the five basis sequences requires a separate 20 bit correlator for each user in each subframe. The complexity evaluation is carried out assuming 8 users sending CQI. In practice there may be many more than this.

Table 3: Processing for Rel 5 CQI

	
	Correlation operations
	Compare operations

	
	20. 5.Nu
	2.5.Nu

	Total
	800
	80

	Complexity weighting
	1
	2

	Weighted total
	800
	160


Total (weighted) = 960

Table 4: Storage for Rel 5 CQI

	
	Received CQI bit sequences
	Correlation results

	
	20.Nu
	5.Nu

	Total
	160
	40


Total = 200

3.3 Proposed Enhancement

3.3.1 ACK/NACK

We assume that three correlators (ACK, PRE, POST) are required in every subframe for each active user.

Table 5: Processing for enhancement

	
	Operations to determine possible signal pairs
	Correlation operations
	Table lookups to get likelihood values
	Processing of likelihood values (multiplications)
	Compare operations

	
	2. Ntx
	10.3.Nu (1)
	5.Nu (1)
	2.14.Ntx
	14.Ntx

	Total
	8
	240
	40
	112
	56

	Complexity weighting
	1
	1
	3
	1
	2

	Weighted total
	8
	240
	120
	112
	112


(1) In practice not all these operations may be required. These figures are upper limits. 

Total (weighted) = 600 

Table 6: Storage for enhancement

	
	Storage to determine possible signal pairs
	Received ACK/NACK bit sequences
	History of Correlation

Results

	
	4. Nu +14. Ntx
	10.Nu
	2.5.Nu

	Total
	88
	80
	80


Total = 248

4. Conclusions

Table 7: Summary of complexity evaluation

	
	Release 5 ACK/NACK
	Release 5 CQI
	ACK/NACK

enhancement

	Processing operations per subframe (weighted)
	40
	960
	592

	Memory locations
	16
	200
	248


Under the assumptions made here, the implementation complexity of the receiver for the proposed ACK/NACK enhancement is approximately an order of magnitude greater than the very simple Release 5 ACK/NACK receiver. However, we note that the complexity is less than that which would be required for detection of CQI (from 8 continuously active users). 

A CR updating TR25.899 accompanies this document.
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