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1 Introduction

In Denver RAN1 #44 meeting, Nortel a proposed differential encoder [1]. To solve the encoder error a dynamic resetting scheme was developed [2]. In this contribution the advantages and drawbacks of fixed and dynamic encoders are compared while considering the practical implementation issues.

Differential coding is presented in [1] to reduce the amount of feedback overhead in MIMO-OFDM standards. Since the channel variation is slow in either time or frequency domain, the sequence of the channel codewords is highly correlated. Therefore, instead of the codeword index, one can transmit only the offset of the channel index (differential encoding). This offset is small only if the codebook re-arrange in a manner that the highly correlated codewords put together. In this case, only a small number of bits are required to represent the offset values. For example, by using this method, only 3 bits are required to transmit information on the channel offset index when each codeword is highly correlated with the other 7 neighbors among the codebook. The codebook may have 64 (or more) codewords, which require 6 bits (or more) to be represented.

The main problem in exploiting the differential encoding is to find a re-arranged codebook with the mentioned correlation property. It seems very hard to find such a codebook. In [1], a differential encoding/decoding approach is proposed working with an arbitrary codebook and does not need any re-arrangements.

This kind of differential coding works properly only when the channel variation is always small to make sure that the current codeword is in the differential range of the previous one. However, especially in relatively high speeds, the channel variation might be faster than what we expect. In such a case, the differential encoder encodes a codeword, which is not the closet point to the channel matrix. Since the encoder works differentially, this encoding error propagates over the next encoding stages. Therefore, the quantization error of the differential encoder might be more than the normal encoder. This extra error may degrade the performance of the closed loop MIMO-OFDM system. Dynamic resetting method of differential encoding is proposed in [2] to prevent differential encoding error and to keep the performance of the differential encoding the same as the normal encoding. 
In this contribution, the dynamic approach is compared with the fixed resetting method to see the advantages and drawbacks of them. Fixed resetting encoder can be considered as a suitable candidate for practical systems under some considerations which are discussed in this contribution.
After mathematic description of the differential encoding/decoding in Sections 2 to 5, the advantages of the proposed differential scheme are described in Section 6. The problem of the differential encoding is described in section 7. Section 8 introduces dynamic encoder resetting to avoid differential error problem. In addition, the performance of the dynamic and the fixed resetting encoders are compared in Section 9. The contribution finally concludes in Section 9.
2 Codebook
Assume 
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 as an arbitrary codebook with 
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 codewords denoted by 
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. The normalized inner product is used as a criterion (but not the only one) to show how each two codewords are correlated.
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 is defined as a set of the first 
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 indexes of the codewords which have the highest correlation with 
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 bits of memory. A codebook is presented completely by the pair 
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3 Encoder
Consider 
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 as a sequence of codeword indexes selected from the codebook 
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 is the encoded signal transmitted over the feedback channel.
4 Decoder

Consider 
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, it is very straightforward to have an estimate of the codeword index at time 
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5 Initialization
Receiver only needs the knowledge of 
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 to start differential decoding.
6 Advantages

By exploiting the proposed method, only 
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 bits are transmitted for an arbitrary codebook of size 
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 bits for the codebook with 
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 or greater entries. Thanks to the proposed method, there is no need to re-arrange the codewords among the codebook. Therefore, this method can be applied to any kind of codebooks without any restrictions. The suggested differential code requires more memory to represent the codebook completely. The size of the additional memory required is very low for the practical values of 
[image: image46.wmf]M

 and 
[image: image47.wmf]L

. For 
[image: image48.wmf]64

=

M

 and 
[image: image49.wmf]8

=

L
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 kbytes) which is a very small size of memory in practice.

According to the encoding/decoding approach, the error propagation is still a drawback of the proposed differential code. However, if the feedback bits are highly protected, the feedback channel can be considered as an error free channel.
7 Encoding Error

Mean Square Error (MSE) criterion is used to compare performance of the normal and proposed differential coding methods. The channel model is ITU pedestrian A. Carrier frequency is 
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 GHz. Each OFDM symbols contains 
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 subcarriers and 
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 samples of guard time. Each slot contains 
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 OFDM symbols. Duration of the slot is approximately 
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 TTI). The channel matrix is sampled once per each TTI.

According to Table I, error of the differential coding is more than the normal coding especially if the feedback channel is not reset fast. The reason is that sometimes the channel varies faster than what we expect and the new codeword is out of the differential range, and hence, an encoding error occurs. Since the encoder works differentially, this encoding error propagates until the encoder is reset again.

Table I
MSE of Encoding for Normal and Differential Encoders.
	
	Ped. A (3 km/h)

4x2 Two Streams
	Ped. A (20 km/h)

4x2 Two Streams

	
	10a
	40
	10
	40

	Normal Encoding
	1.9383
	1.9383
	1.9383
	1.93863

	Differential Encoding
	1.9553
	2.0407
	2.2107
	2.4063


a Encoder is reset after 10 or 40 TTIs.
8 Dynamic Rest of Encoder
To avoid encoding error, we can reset the differential encoder dynamically. Encoder checks all the codewords of the codebook (not just the subset of the codewords which are highly correlated to the previous codeword) to find the closest codeword to the current channel matrix. If the closest codeword is inside the differential range (codeword belongs to the differential subset), the encoder continues to work differentially. However, if the current codeword is out of the differential range, the encoder is reset, and the normal codeword index represents the channel matrix.

In this scheme, a flag is required to inform the differential decoder about the encoder mode of operation. We can assign one differential index (for example all zero codeword) to the encoder reset flag. Therefore, number of codeword inside each differential subset is reduced to 
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 bits of the differential index. If the encoder works in the differential mode, the differential index, which is represented by 
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bits, is reported as the encoder output. Otherwise, the encoder output contains two parts. The first part is the reset flag containing 
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 zeros, and the second part is the normal index, which is represented by 
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9 Comparison of Fixed and Dynamic Rest of Encoder

By using the dynamic encoder the MSE of the differential encoder is the same as the normal encoder. Now the question is that how often the encoder should be rest in average to prevent encoding error. Table II answers to this question. For example, when speed is 
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 km/h, the differential encoder is rest in average after 
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 TTIs for M=64 and L=8. It saves about 
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 in feedback rate. The MSE of the differential encoder with dynamic reset is exactly the same as the normal encoder whose MSE is 
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. According to Table II, the MSE of the differential encoder with fixed reset period is more than MSE of the dynamic differential encoder for the same resetting period.

Table II
Average Period of Dynamic Reset and Percentage of Rate Saving.

	Speed

(km/h)
	Average Reset Period (TTI)
	Feedback Rate Saving a (%)
	MSE Fixed b

	3
	33.6293
	47.0264
	2.0935

	5
	19.3668
	44.8365
	2.0718

	10
	10.0088
	40.0088
	2.0930

	15
	6.9125
	35.5335
	2.0313

	20
	5.3356
	31.2580
	2.0527

	25
	4.3891
	27.2163
	2.0588

	30
	3.7739
	23.5022
	2.0681


a For T as the average reset period, the saving in feedback rate is 
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b MSE of the differential encoder with fixed reset period. Reset Period is equal to integer part of the average reset period of the dynamic differential encoder.

c MSE of the differential encoder with dynamic reset period, which is equal to MSE of the normal encoder, is 1.9383.

The drawback of the dynamic resetting is that the feedback channel rate should be changed dynamically according to encoder output size. It might cause some recourse management problem in uplink. To avoid this problem, we can use fixed resetting approach with the reset period, which is equal or is half of the average period of the dynamic reset encoder.
Table III compare dynamic and fixed reset encoder for L=4 and M=64. The first interesting result from Table III is that the saving rate of the dynamic encoder for L=4 is more than the saving rate for L=8. Therefore, our suggestion is that to use 2 bits for differential encoding. For L=2, in the case of the dynamic encoder, the differential codebook size is 3, and in the case of fixed reset approach the differential codebook size is 4.
Table III compares MSE and saving rates of the dynamic and fixed encoders. The reset period of the fixed reset encoder is set approximately to the average reset period or half of the reset period of the dynamic encoder. The MSE of the fixed rest encoder is more than the dynamic encoder, but it is in a reasonable range due to the appropriate selection of the fixed reset period. The advantages of the fixed encoder are the higher saving rate and the fixed pattern for feedback channel rate in comparison with the dynamic reset encoder.
Summarizing, if the reset period of the fixed encoder is selected properly, the MSE of the fixed encoder is not much more than the normal or dynamic encoder. The main advantage of such a fixed encoder is that the feedback channel rate is not changed dynamically during the transmission. 

Table III

Comparison of Dynamic and Fixed Reset Approaches for M=64 and L=4.

	Speed

(km/h)
	Dynamic Reset a
	Fixed Reset

	
	Average Reset Period (TTI)
	Feedback Rate Saving (%)
	Half
	Full

	
	
	
	Reset Period
	MSE
	Rate Saving
	Rests Period
	MSE
	Rate Saving

	3
	27.0680
	62.9723
	13
	2.0474
	61.5385
	27
	2.2164
	64.1975

	5
	15.8201
	60.3456
	8
	1.9404
	58.3333
	16
	2.0585
	62.5000

	10
	9.1613
	55.7512
	4
	2.0158
	50.000
	9
	2.1489
	59.2597

	15
	6.1674
	50.4523
	3
	1.9574
	44.4444
	6
	2.1351
	55.5556

	20
	4.7937
	45.8061
	2
	2.0142
	33.333
	5
	2.1301
	53.3333

	25
	3.8518
	40.7048
	2
	2.0190
	33.333
	4
	2.0849
	50.0000

	30
	3.4487
	37.6702
	2
	2.0370
	33.333
	3
	2.0911
	44.4444


a MSE of the Normal Encoding and the Dynamic Encoding is 1.9383.

10  Conclusion
The proposed differential encoder/decoder can be exploited for feedback channel of the MIMO-OFDM systems. It can works even in relatively high speeds like 
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 km/h. Dynamic resetting of the encoder guaranties the error free encoding. Therefore, for an error free transmission channel, the performance of the proposed differential encoder is the same as the normal encoder while the differential encoder can reduce the rate of the feedback channel. The drawback of the dynamic encoder is that the rate of the feedback channel is dynamically changed. To prevent this problem, the fixed reset encoder can be used with a reset period, which is equal to, or less than the average rest period of the dynamic encoder. This kind of fixed encoder can be considered as a practical solution for the differential encoding problem.
The effect of transmission channel error might be more serious on the differential coder in comparison to the normal coder because of the error propagation. Fortunately, frequent reset of the differential encoder can alleviate the destructive effects of the error propagation. The BER performance results will be presented in the future works.
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