3GPP TSG-Ran Working Group 1 Meeting #55
R1-084461
Prague, Czech Republic, November 10th – 14th, 2008
Agenda Item
: 11.3
Source 
: Nortel
Title 
: Frequency-Directed Differential Codebook Feedback Scheme with Fix Encoder Reset for LTE-A 
Document for
: Discussion
1 Introduction
Differential encoding with fix, dynamic, or adaptive reset was proposed in previous meetings [1], [2]. In this contribution, we first study the advantages and disadvantages of the different reset mechanisms and improve the performance of fix reset approach by using coarse codebook. In the next step the signalling is designed to support the frequency-directed differential codebook feedback with fix reset in LTE-A. 
Simulation results provided here show that differential coding with fix reset 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 
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 bits. The differential encoder selects the codeword from the current differential subset to reduce the feedback overhead. The differential subset for the next encoding stage 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 degradation occurs. In such a condition, differential encoder can take one of the following three approaches [2],

· Fix reset approach: reset encoder based on a predefined period

· Dynamic reset approach: dynamically reset the encoder if the best codeword does not belong to the differential subset

· Adaptive reset approach: reset the encoder if the difference of the optimum codeword and the best differential codeword is more than a given threshold. Fix reset and dynamic reset are two extreme cases of the adaptive reset approach.
Although differential encoding with adaptive reset can provide the best tradeoff between performance and feedback overhead, the size of the feedback payload can change over sub-frames. Variable rate of control feedback makes the resource allocation of the uplink more challenging. Fix reset approach is more practically feasible due to constant feedback rate. 
In this contribution, the encoder with fix reset is further enhanced by using the coarse codebook to reduce the feedback overhead. The details of the reset mechanism are as follows:

· Fix reset with coarse codebook
· For the first encoding step, the best codeword is selected within a subset of the codebook, which is called coarse codebook. Coarse codebook is used instead of the original codebook to reduce feedback overhead for the first encoding stage after resetting. The size of coarse codebook is 
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· The differential subset is selected corresponding to the current selected codeword

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

· If channel variation is very fast, the best codeword within the differential subset might not be the optimum codeword of the entire codebook. It means differential encoder is not able to catch the fast variation of the channel.
· To catch the fast variation of the channel, the encoder is reset after a predefined period to prevent  performance degradation of the differential encoding 

· Overhead of fix reset approach is minimum compare to the other reset mechanisms if the reset period, the size of the differential subsets, and the size of the coarse codebook are selected properly.
3 Overhead of Differential Coding with Fix Encoder Reset

 The overhead of the differential encoder with fix reset is defined based on the following parameters and assumptions:
· Number of bits required to encode first codeword after encoder is reset: 
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 which is the number of bits required to represent a codeword within the coarse codebook.
· Number of bits required to encode a codeword with differential encoding: 
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which is the number of bits to represent a codeword within a differential subset.
· Differential encoder is reset over every 
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 codewords.

The overhead of differential encoding with fix reset over 
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 codewords is expressed as follows:
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Please note that the overhead of the regular encoder is 
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number of bits is required to represent each codeword within the original codebook. The parameter of differential encoder must be set carefully to improve the BLER performance and/or feedback overhead of the differential encoder in comparison to the normal encoder.

4  Simulation Results

The system simulated in this section is a 1-layer closed-loop system with 6 LVRBs. The MCS is 16-QAMx1/2 and channel estimation is ideal. The channel is PA 3 km/h or PB 3 km/h, respectively as less dispersive and high dispersive fading channels. The transmit and receive antennas are uncorrelated. The whole bandwidth of the system is 10 MHz where 50 RBs are available.  The fix reset version of the differential encoding is applied in the frequency direction over the frequency subband. The aim of the simulation is to find the best set of parameters for efficient differential encoding for both PA (low dispersive) and PB (high dispersive) channels. The parameters of differential encoder with fix rest are: i) subband size ii) differential subset size, iii) coarse subset size, and iv) period of encoder resetting.
4.1 Frequency-directed differential coding with fix reset in PB channel

Figure 1 compares the performance of 4-bit LTE codebook with 6-bit Grassmannian codebook and their loss with respect to ideal feedback. The channel is PB 3 km/h. The overhead of current LTE design is 4 bits per each subband. For 10 MHz bandwidth, the size of subband is 6 RBs except for the last one. Assuming the total number of RBs is 50, 9 subbands exist for 10 MHz system. Therefore, the total overhead of PMI feedback is 9×4 = 36 bits. If normal encoding in used for 6-bit codebook, the overhead will increase to 54 bits.
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Figure 1: Comparison of 4-bit LTE codebook and 6-bit Grassmannian codebook and their loss with respect to ideal feedback. The channel is PB 3 km/h.
Any proposed differential codebook must perform better than the current LTE design in terms of BLER and/or feedback overhead. Figure 2 illustrates performance of the differential encoder for 3-bit differential bits (differential subset size is 8 codeword) and channel PB 3 km/h. The size of coarse codebook and reset period are changed for comparison purpose. According to Figure 2, the only option, which provides same performance as LTE but with lower feedback overhead, is 
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 subchannels. The overhead of this option is 32 bits, which is 4 bits less than current LTE design. This example shows that the differential encoder is able to provide some overhead benefit even for a very high dispersive channel such as PB. 
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Figure 2: Effect of coarse codebook size and reset period on a 3-bit differential encoder. The subchannel size is 6 RBs and the fading channel is PB 3 km/h.

In Figure 3 the differential encoding bits is increased form 3 to 4. Although 4-bit differential encoding increases the feedback overhead, no option among the 4-bit differential is available that can beat 3-bit differential encoding in terms of BLER performance.
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Figure 3: Effect of coarse codebook size and reset period on a 4-bit differential encoder. The subchannel size is 6 RBs and the fading channel is PB 3 km/h.
In Figure 4 the number of differential bits is changed to 2 to reduce the feedback overhead. According to Figure 4, no option is able to maintain BLER performance of the current LTE design with lower feedback overhead. 
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Figure 4: Effect of coarse codebook size and reset period on a 2-bit differential encoder. The subchannel size is 6 RBs and the fading channel is PB 3 km/h.
In Figure 5, the subchannel size is decreased form 6 to 4 and 3 to improve the performance. To insure the feedback error rate is not more than LTE, the number of differential bits is set to 2. As shown in Figure 5, smaller subchannel sizes can not help to improve the overall BLER performance under the differential encoding constraint.
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Figure 5: Effect of subchannel size, coarse codebook size, and reset period on a 2-bit differential encoder. The fading channel is PB 3 km/h.
Considering the observations of Figure 1 to 5, the best differential encoding solution for the high dispersive PB 3 km/h fading channel is summarized in Table 1. These parameters maintain the BLER performance of the current LTE design with lower feedback overhead.
Table 1: Parameters of frequency-directed differential encoder with fix reset for a rank-1 10 MHz LTE closed-loop system in PB fading channel.
	Size of original codebook
	Size of differential subsets
	Size of coarse codebook
	Subchannel size
	Fix reset period
	Gain w.r.t LTE
	Overhead reduction w.r.t LTE

	64 ( 6 bits)
	8 (3 bits)
	16 (4 bits)
	6 RBs
	2 subchannels
	0 dB
	11.1%


4.2 Frequency-directed differential coding with fix reset in PA channel

The behaviour of the differential encoder in the less dispersive channel like PA 3 km/h is shown in Figures 6 to 10. According to the figures differential encoder can be used to reduce overhead or improve performance with the same overhead as the current LTE design.
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Figure 6: Comparison of 4-bit LTE codebook and 6-bit Grassmannian codebook and their loss with respect to ideal feedback. The channel is PA 3 km/h.
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 Figure 7: Effect of coarse codebook size and reset period on a 3-bit differential encoder. The subchannel size is 6 RBs and the fading channel is PA 3 km/h.
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 Figure 8: Effect of coarse codebook size and reset period on a 4-bit differential encoder. The subchannel size is 6 RBs and the fading channel is PA 3 km/h.
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 Figure 9: Effect of coarse codebook size and reset period on a 2-bit differential encoder. The subchannel size is 6 RBs and the fading channel is PA 3 km/h.
[image: image23.emf]-2 -1 0 1 2 3 4 5 6 7

10

-3

10

-2

10

-1

10

0

2.9

5.1

2.5

4.5

1.8

3.8

2.1

4.0

2.1

4.3

SNR (dB)

BLER

Channel PA 3 km/h - Other subchannel sizes - 2-bit differential encoding

 

 

Subchannel size 3 RBs, No reset

Subchannel size 3 RBs, 3-bit coarse, reset period 9 subchannels

Subchannel size 4 RBs, 4-bit coarse, reset period 3 subchannels

Subchannel size 4 RBs, 4-bit coarse, reset period 4 subchannels

Subchannel size 4 RBs, 4-bit coarse, reset period 5 subchannels

Subchannel size 4 RBs, 4-bit coarse, reset period 7 subchannels

Subchannel size 4 RBs, 5-bit coarse, reset period 5 subchannels

Subchannel size 4 RBs, 5-bit coarse, reset period 7 subchannels

 Figure 10: Effect of subchannel size, coarse codebook size, and reset period on a 2-bit differential encoder. The fading channel is PA 3 km/h.
The observation form the simulation results in Figure 6 to 10 is summarized in Table 2 for PA channel. 
Table 2: Parameters of frequency-directed differential encoder with fix reset for a rank-1 10 MHz LTE closed-loop system in PA fading channel.

	Size of original codebook
	Size of differential subsets
	Size of coarse codebook
	Subchannel size
	Fix reset period
	Gain w.r.t. LTE
	Overhead reduction w.r.t. LTE

	64 (6 bits)
	8 (3 bits)
	16 (4 bits)
	6 RBs
	inf. (no reset)
	0 dB
	22.2%

	64 (6 bits)
	16 (4 bits)
	16 (4 bits)
	6 RBs
	inf. (no reset)
	0.5 dB
	0%


According to Table 1 and 2, by using appropriate differential encoding parameters, the feedback overhead reduction for PA channel can be 22.2% which is 2 times more than overhead reduction of PB channel.
4.3 Overall summary of the simulation results

Considering the results of the PA and PB channel, the appropriate set of parameter of the differential coding with fix reset for the LTE-A standard is proposed is Table 3.
Table 3: Parameters of frequency-directed differential encoder with fix reset for a rank-1 10 MHz LTE closed-loop system.

	Size of original codebook
	Size of differential subsets
	Size of coarse codebook
	Subchannel size
	Fix reset period

	64 (6 bits)
	8 (3 bits)
	16 (4 bits)
	6 RBs
	2, 5, inf. (no reset)


The parameters of differential coding must be set for other bandwidth, as well.
5 Control Signalling to Support Frequency-Directed Differential Coding with Fix Reset

The size of original codebook, the size of coarse codebook, and the size of differential subsets are the predefined parameters which may change according to the system bandwidth or number of the RBs. Table 3 shows the set of the parameters designed for the 10 MHz bandwidth. The factors which are controlled by eNB are:

· Switching between normal coding and frequency-directed differential coding with fix reset
· Period of fix reset in case that encoder works in the differential mode

3 bits can be sent through the higher level signalling to control the above two parameters. Since the frequency behaviour of the channel is more or less the same for all the users within a specific cell, the control bits can be broadcast to all the users within the sector to set the parameters of encoding for the all the users identically with lower control signalling overhead. The broadcast signal can be sent very slowly. 

eNB can monitor the behaviour of the channel of each user through the UL signal of a UE. eNB can override differential parameters of a specific user through unicast higher level signalling by sending the 3 bits to that specific user. The unicast signalling is event driven. UE must override the broadcast parameters with the last received unicast signal. eNB can ask UE through the unicast signal to switch back to the parameters of the broadcast signal.
The encoding of the 3 bits for broadcast and unicast signalling are in Table 4 and 5, respectively.

Table 4: Encoding of the broadcast higher level signalling for frequency-directed differential coding with fix reset
	Bits
	Broadcast Signal

	000
	Normal encoding

	001
	Differential encoding with reset period 2

	010
	Differential encoding with reset period 3

	011
	Differential encoding with reset period 4

	100
	Differential encoding with reset period 5

	101
	Differential encoding with no  reset

	110-111
	reserve


Table 5: Encoding of the unicast higher level signalling for frequency-directed differential coding with fix reset

	Bits
	Unicast Signal

	000
	Normal encoding

	001
	Differential encoding with reset period 2

	010
	Differential encoding with reset period 3

	011
	Differential encoding with reset period 4

	100
	Differential encoding with reset period 5

	101
	Differential encoding with no  reset

	110
	Override the parameters with the last broadcast signal

	111
	reserve


6 Summary
In this contribution, we proposed differential encoding for PMI report. The features of the scheme are as follows:
· Frequency-directed differential coding with fix reset
· No error propagation since differential encoding is applied in the frequency direction

· Differential coding  can improve performance/overhead of the current LTE design
· Period of resetting is set by eNB

· Higher level control signalling is proposed to support frequency-directed differential coding with fix reset
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Same performance as LTE but with higher feedback overhead (36 bits)!





Same performance as LTE but with lower feedback overhead (28 bits).





Same feedback overhead as LTE but with better BLER performance (0.5 dB gain).





Same performance as LTE but with lower feedback overhead (28 bits).





All performs worse than the current LTE design.





All performs worse than the current LTE design.





Performs the same as the current LTE design in terms of both BLER and feedback overhead.





All performs the same as the current LTE design in terms of both BLER and feedback overhead.





The only option which performs the same as LTE but with lower feedback overhead.





All performs worse than the current LTE design.
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