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1. Introduction

In the last several meetings, a DTX codeword was proposed to include in the ACK/NACK codebook for 4C-HSDPA to avoid potential empty half-slot on HS-DPCCH. At RAN1#61 meeting POST codeword, defined from TS25.212 v6.3.0 for HARQ-ACK preamble/postamble transmission, was used as the DTX codeword. 
However, the performance of using POST codeword is not thoroughly evaluated and presented. This document studies the performance comparison between PRE and POST codewords, and indicates PRE codeword is more attractive as DTX codeword for 4C-HSDPA.
2. Discussion
2.1 Code distance analysis

The HARQ-ACK scheme for 4C-HSDPA is shown in Figure 1.
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 Figure 1  HARQ-ACK scheme
Note: 
· Case 1: HS-SCCH(s) corresponding to carrier(s) of HS-DPCCH1 and HS-DPCCH2 are detected.
· Case 2: HS-SCCH(s) corresponding to carrier(s) of HS-DPCCH1 is(are) detected, but that(those) of HS-DPCCH2 is(are) not detected.
· Case 3: HS-SCCH(s) corresponding to carrier(s) of HS-DPCCH1 is(are) not detected, but that(those) of HS-DPCCH2 is(are) detected.
· Case 4: HS-SCCH(s) corresponding to carrier(s) of HS-DPCCH1 or HS-DPCCH2 are not detected.
As a DTX codeword is introduced and appended to Rel-9 DC-MIMO codebook, detection performance might be impacted.
As we know, there are 8 sub-space of DC-MIMO codebook: {Single-DTX, Dual-DTX, DTX-Single, DTX-Dual, Single-Single, Single-Dual, Dual-Single, and Dual-Dual}. In each of the sub-space, there exists a codeword with the largest probability, which consists of as many ACK messages as possible, named key-codeword. The key-codewords are {A/D, AA/D, D/A, D/AA,
A/A, A/AA, AA/A, AA/AA} in each sub-space. The detection performance impacted by introducing DTX codeword is mainly determined by the code distance of DTX codeword to key-codewords.
The code distance between PRE/POST and key-codewords of Rel-9 DC-MIMO codebook is shown in Table 1.
Table 1 Code distance of DTX codeword to key-codewords
	
	A/D
	AA/D
	D/A
	D/AA
	A/A
	A/AA
	AA/A
	AA/AA

	PRE
	7
	6
	5
	5
	6
	3
	4
	4

	POST
	7
	6
	5
	5
	6
	7
	2
	4


Observations:

· The code distance of PRE with A/AA is 3 while that of POST with A/AA is 7. ‘POST’ would outperforms ‘PRE’ in the sub-space including A/AA, i.e. Single-Dual space.

· The code distance of PRE with AA/A is 4 while that of POST with AA/A is 2. ‘PRE’ would outperforms ‘POST’ in the sub-space including AA/A, i.e. Dual-Single space.

· From an overall performance point of view, adopting ‘PRE’ as DTX codeword may be more attractive because the minimum code distance is improved from 2 to 3.
2.2 Simulation 
Several sub-space of HARQ-ACK for 4C-HSDPA with MIMO configured on all carriers are selected to evaluate the detection performance of codebooks with PRE and POST. More detail information and simulation results are in the Annex. 
The gains of using PRE to using POST as the DTX codeword are shown in Table 2 and 3. There is no obvious difference to use PRE or POST as the DTX codeword in most subspaces of DC-MIMO codebook. However, obvious differences are observed in ‘21’ and ‘12’ sub-spaces of DC-MIMO codebook. The simulation results coincide with the code distance analysis in section 2.1
Table 2 The detection gains of using PRE to using POST at false alarm =100% (dB)
	Stream Number of each carrier
	Mis-detection_G1
	Mis-detection_G2
	Mis-detection
	Average
mis-detection
	Average RLC 
	Average
e-PHY

	F1
	F2
	F3
	F4
	
	
	
	
	
	

	1
	0
	2
	0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0

	0
	1
	0
	2
	0
	0.1
	0.1
	0.05
	0.2
	0.0

	2
	2
	1
	1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	2
	1
	1
	2
	1.0
	-0.4
	0.5
	0.5
	0
	0.5


Note: when the false alarm is 10%, the performance differences with PRE and POST in most of the cases above are very small.
For simplicity, we only present the difference under average extra PHY retransmission criterion for the other sub-spaces.
Table 3 The detection gains of using PRE to using POST at false alarm =100% and 10% (dB)
	Stream Number of each carrier
	Average extra PHY retransmission

	F1
	F2
	F3
	F4
	False alarm = 100%
	False alarm = 10%

	2
	1
	1
	0
	1.5
	0.4

	1
	2
	1
	0
	-0.5
	-0.05

	2
	1
	2
	0
	1.1
	0.3

	1
	2
	2
	0
	-0.5
	0.0

	2
	1
	1
	1
	1.1
	0.2

	1
	2
	1
	1
	-0.4
	0.0

	2
	1
	2
	1
	1.5
	0.3

	1
	2
	1
	2
	-0.7
	0.0

	2
	2
	2
	1
	0.5
	0.05

	2
	2
	1
	2
	-0.1
	0.0


Observations: 
· The gains of using PRE to using POST as DTX codeword can be observed in most sub-spaces of 4C-HSDPA with MIMO at false alarm = 10%.
· The gain of using PRE to POST is larger than the loss at false alarm = 100%
3. Conclusion
In this paper, we compare the HARQ-ACK detection performance of PRE and POST as the DTX codeword. Although ‘POST’ outperforms ‘PRE’ in some sub-spaces, ‘PRE’ is more attractive in most sub-spaces. Therefore, from overall performance point of view, we propose that,
Proposal: Adopt ‘PRE’ as the DTX codeword and append it to the Rel-9 codebook for 4C-HSDPA.
Annex: 
Several sub-space of HARQ-ACK for 4C-HSDPA with MIMO configured on all carriers are selected to evaluate the detection performance of codebooks with PRE and POST. They are:

· {1020, 0102, 2211, 2112}

· The 4 sub-spaces of 4C-HSDPA with MIMO cover the 8 sub-space of DC-MIMO codebook.

· {2110, 1210, 2120, 1220, 2111, 1211, 2121, 1212, 2221, 2212}

· All these sub-spaces of 4C-HSDPA with MIMO contain ‘21’ or ‘12’ sub-space of DC-MIMO codebook.
Note: each sub-space is denoted as 4 digits sequence, each digit denotes the number of data stream of a carrier. 

A simple model that
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 is used for the simulation, where s is a symbol of a codeword, h is fading factor, and n is random value with standard normal distribution, i.e. n ~ N(0, 1). Every 20 symbol is received and decided by Maximum Likelihood method. 

This model is simple and effective without the influence of receiver characteristic, e.g. searcher, channel estimation and etc., so that we can focus on the performance of codebook.

The SNR in the following figures is defined as
[image: image3.wmf]2

2

0

/

s

h

N

E

SNR

s

=

=

, wherein Es denotes the power of each symbole.

The error events are list as below,
· Mis-detection

· Recognize the 20 symbols of HARQ-ACK field as a single codeword.
· This event occurs when the UE transmits HARQ-ACK codewords (exclude DTX), but the NodeB decodes HARQ-ACK incorrectly (including decoding it as DTX).
· Mis-detection_G1
· Recognize the 10 symbols in the first half slot of HARQ-ACK field as a single codeword.
· This event occurs when the UE transmits HARQ-ACK codewords (exclude DTX) in the first half slot, but the NodeB decodes HARQ-ACK incorrectly (including decoding it as DTX).
· Mis-detection_G2
· Recognize the 10 symbols in the second half slot of HARQ-ACK field as a single codeword.
· This event occurs when the UE transmits HARQ-ACK codewords (exclude DTX) in the second half slot, but the NodeB decodes HARQ-ACK incorrectly (including decoding it as DTX).
· Average Mis-detection:

· This criterion is based on message level. 

· Decompose the messages for each data stream, calculate the error detection event for each data stream and calculate the average error rate of HARQ-ACK messages.
· Error detection of messages occurs when the UE transmits an HARQ-ACK message (ACK, NACK or DTX) for one data stream, but the NodeB decodes HARQ-ACK messages incorrectly.
· Average Extra PHY retransmission probability 

· This criterion is based on message level. 

· Decompose the messages for each data stream, calculate the Extra PHY retransmission error event for each data stream and calculate the average error rate of HARQ-ACK messages.

· the Extra PHY retransmission event occurs when the UE transmits ACK message of a carrier but the NodeB decodes it as NACK or DTX message. 
· Average RLC retransmission probability 

· This criterion is based on message level. 

· Decompose the messages for each data stream, calculate the RLC retransmission error event for each data stream and calculate the average error rate of HARQ-ACK messages.

· RLC retransmission event occurs when the UE transmits NACK or DTX message of a carrier but the NodeB decodes it as ACK message.
Simulations for sub-spaces {1020, 0102, 2211, 2112} are executed under the false alarm = 100%, and the results are shown in Figure 2-1 ~ Figure 5-6
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Figure 2-1 Mis-detection of Group 1, {1020}
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Figure 2-2 Mis-detection of Group 2, {1020}
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Figure 2-3 Mis-detection, {1020}
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Figure 2-4 Average Mis-detection, {1020}
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Figure 2-5 Average RLC retransmission, {1020}
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Figure 2-6 Average PHY retransmission, {1020}
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Figure 3-1 Mis-detection of Group 1, {0102}
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Figure 3-2 Mis-detection of Group 2, {0102}
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Figure 3-3 Mis-detection, {0102}
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Figure 3-4 Average Mis-detection, {0102}
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Figure 3-5 Average RLC retransmission, {0102}
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Figure 3-6 Average PHY retransmission, {0102}
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Figure 4-1 Mis-detection of Group 1, {2211}
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Figure 4-2 Mis-detection of Group 2, {2211}
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Figure 4-3 Mis-detection, {2211}
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Figure 4-4 Average Mis-detection, {2211}
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Figure 4-5 Average RLC retransmission, {2211}
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Figure 4-6 Average PHY retransmission, {2211}
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Figure 5-1 Mis-detection of Group 1, {2112}
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Figure 5-2 Mis-detection of Group 2, {2112}
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Figure 5-3 Mis-detection, {2112}
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Figure 5-4 Average Mis-detection, {2112}
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Figure 5-5 Average RLC retransmission, {2112}
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Figure 5-6 Average PHY retransmission, {2112}


Simulations for sub-spaces {2110, 1210, 2120, 1220, 2111, 1211, 2121, 1212, 2221, 2212} are executed under the false alarm = 100% and 10% respectively, and the results are shown in Figure 6-1 ~ Figure 15-2.
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Figure 6-1 {2110}, False alarm = 100%
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Figure 6-2 {2110}, False alarm = 10%
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Figure 7-1 {2110}, False alarm = 100%
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Figure 7-2 {2110}, False alarm = 10%
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Figure 8-1 {2120}, False alarm = 100%
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Figure 8-2 {2120}, False alarm = 10%
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Figure 9-1 {1220}, False alarm = 100%
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Figure 9-2  {1220}, False alarm = 10%
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Figure 10-1 {2111}, False alarm = 100%
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Figure 10-2 {2111},False alarm = 10%
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Figure 11-1 {1211}, False alarm = 100%
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Figure 11-2 {1211},False alarm = 10%
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Figure 12-1 {2121}, False alarm = 100%
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Figure 12-2 {2121},False alarm = 10%
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Figure 13-1 {1212}, False alarm = 100%
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Figure 13-2 {1212},False alarm = 10%

	[image: image44.emf]1 2 3 4 5 6 7 8

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

SNR

Probability

Average extra PHY retransmission probability, Space: {2  2  2  1}

 

 

POST

PRE


Figure 14-1 {2221}, False alarm = 100%
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Figure 14-2 {2221},False alarm = 10%
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Figure 15-1 {2212}, False alarm = 100%
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Figure 15-2 {2212},False alarm = 10%
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