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1 Introduction
Differential encoding with dynamic or fix reset was proposed in previous meeting [1]. In this contribution the mechanism of differential encoder resetting is enhanced to support adaptive resetting. In this approach, differential encoder is reset based on a given reset threshold. A trade-off between performance and feedback overhead will become  possible by changing the reset threshold. Fix reset and dynamic reset mechanisms proposed in [1] could be seen as two extreme cases of the adaptive resetting.
Simulation results provided here show that differential encoding can improve the performance and/or reduce the feedback overhead even in a highly dispersive channel like PB.

2  Differential Encoding and Resetting of Encoder
Assume 
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 as an arbitrary codebook with 
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 codewords. Corresponding to each codeword there is a subset of codewords called the differential subset. Differential subset is represented by log​2(L) bits.  The differential encoder selects the codeword from the current differential subset to reduce the feedback overhead. The differential subset is selected corresponding to the current codeword.
In differential encoding process, if the best codeword over the entire codebook does not belong to the current differential subset encoding error occurs. In such a condition, differential encoder can take one of the following three approaches,

· Approach 1: Fix reset [1]
· For the first encoding step, the best codeword is selected within the entire codebook.

· The differential subset is selected corresponding to the current selected codeword

· For the next encoding steps, the best codeword is selected within the current differential subset and differential encoding continues

· The best codeword within the differential subset might not be the optimum codeword within the entire codebook

· The encoding error propagates if variation of the channel is fast; differential encoder cannot follow the fast variation of the channel.

· Performance degradation might be high

· Encoder is reset after a predefined period to prevent huge performance degradation of differential encoding 

· Overhead is minimum because differential encoding is guaranteed over the differential encoding period

· Approach 2: Dynamic reset [1]
· For the first encoding step, the best codeword is selected within the entire codebook 

· The differential subset is selected corresponding to the current selected codeword

· For the next encoding steps i) the best codeword is selected within the entire codebook ii) If the best codeword is within the differential subset, differential encoding continues otherwise the encoder is reset.
· The selected codeword is the best codeword of the entire codebook, therefore there is no performance degradation

· If channel variation is high, encoder resetting happens more frequently 

· Dynamic reset increases overhead compare to fix reset specially in high variation channels

· The amount of overhead is random and depends on the statistical properties of the channel.

· Approach 3: Adaptive reset
· For the first encoding step, the best codeword is selected within the entire codebook

· The differential subset is selected corresponding to the current selected codeword

· For the next encoding steps:

· Let 
[image: image3.wmf]all

c

 indicate the best codeword selected within the entire codebook

· If 
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is within the differential subset, differential encoding continues, otherwise

· Let  
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 indicate the best codeword selected within the differential subset

· The distance of 
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and 
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is calculated based on a predefined criterion
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. If the distance is less than a given threshold 
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, then 

· 
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is selected as the encoded codeword and differential encoding continues, otherwise

· 
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is selected as the encoded codeword and encoder is reset

· The overhead and performance of adaptive reset depends on the threshold 
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· If threshold is high, differential encoder is barely reset. The overhead is low but performance degradation might be high. The extreme case is “Fix reset”.

· If threshold is low, differential encoder may reset more frequently. In that case, performance degradation is low but overhead is high. The extreme case is ‘Dynamic reset”

In this contribution, the focus is on the general approach 3. In this scheme, a flag is required to inform the differential decoder that the differential encoder is reset. One differential index (for example all zero index) is assigned to indicate the reset flag. Therefore, the effective number of codeword inside each differential subset is 
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 bits. 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, if the encoder is reset, 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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 bits.

The efficiency of differential coding with adaptive reset depends on the coherence time/bandwidth of the channel and the reset threshold. If channel variation is slow in time/frequency direction, most likely the optimum codewords fall into the differential subsets and therefore encoder resetting does not take place frequently. In this case, the performance of differential encoding is the same as normal encoding while its overhead can be extremely less than normal coding. In other hand, if channel variation is high, the adaptive reset of the encoder can take place more frequently unless the reset threshold is set to a high value. 

3 Advantages of Differential Coding with Adaptive Encoder Reset

Average overhead of differential encoder with adaptive reset is defines based on the following parameters and assumptions:
· Number of bits required to encode first codeword: 
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· Number of bits required to encode a codeword with differential encoding: 
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· Number of bits required to encode a codeword with resetting: 
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· Probability of resetting: 
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 which is a descending function of
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The average overhead over 
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 codewords is explained as follows:


[image: image24.wmf]1

)

(

)

1

(

+

+

+

-

+

=

N

m

l

Np

l

p

N

m

b

reset

reset

.

After some manipulations:
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If 
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is a large number then,
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As the above equation shows, the overhead of differential encoding with adaptive resetting is close to traditional differential encoding, if probability of resetting is small enough. Table 1 summarizes the comparison of several encoding schemes.
Table 1: Comparison of encoding schemes
	Encoding type
	Regular
	Differential encoding with fix reset
	Differential encoding 

with dynamic reset
	Differential encoding 

with adaptive reset

	Overhead (bits/codeword)
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, lowest overhead
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 is  large, then overhead is high
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is controlled by reset threshold
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. Overhead is bestrewn fix reset and dynamic reset depending on the reset threshold.

	BLER Performance
	
	Worse than regular encoding
	Same as regular encoding. differential encoding has no degradation


	Performance is between regular encoding and fix reset method. Performance depends on reset threshold
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. The lower overhead the more degradation in performance.


4  Simulation Results

The system simulated in this section is a 1-layer closed-loop system with 4 LVRBs. The MCS is 16-QAMx1/2 and channel estimation is ideal. The channel is PB 3 km/h as a dispersive channel. Antennas are uncorrelated. The whole bandwidth of the system is 10 MHz. In this simulation results, the distance between two codewords 
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 is defined as the normalized correlation of two rank-one codewords.
Figure 1 shows impact of the reset threshold on the BLER performance of the system. Size of differential bits is 2 and sub-band size is 6 PRBS the same as the current LTE design for 10 MHz bandwidth. The codebook size is increased form 16 of the LTE to 64. The codebook is Grassmannian.
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Figure 1: Closed-loop MIMO in PB 3 km/h. Effect of reset threshold on BLER performance.

According to Figure 1, performance of the system is sensitive to the reset threshold.  If reset threshold is more than 70% then differential encoder degrades compare to current LTE design.
Figure 2 shows overhead of feedback as a function of reset threshold. Overhead decreases as the threshold increases at the expense of worse BLER performance as shown in Figure 1. If threshold is 50%, then the overhead of differential encoder is very close to the current LTE design, while the BLER performance of differential encoder with 50% threshold is 0.5 dB better than current LTE design as shown in Figure 1. If threshold increases to 70% then the BLER performance with differential encoding is close to the current LTE design while the overhead reduces form 0.67 bit/subband to about 0.55 bit/subband which means 18% reduction of the feedback overhead.
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Figure 1: Closed-loop MIMO in PB 3 km/h. Effect of reset threshold on feedback performance.

In summary, differential coding can meet the following requirements:

· Same performance as LTE but with lower feedback overhead

· Same feedback overhead as LET but with better BLER performance

5  Summary
In this contribution, we proposed differential encoding for PMI report. The features of the scheme are as follows:
· Differential encoding with adaptive reset
· Performance vs. overhead trade-off is possible with changing the reset threshold of the differential encoder
· No error propagation if differential encoding applied in frequency direction only

· It can improve performance/overhead of the current LTE design
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