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1. Introduction

This contribution gives simulation results for the detection performance of E-HICH of LCR TDD. A small modification on the allocation of E-HICH signature is proposed and its performance is compared with the original scheme in TS 25.222 [2]. This provides the motivation for CR [4] effecting the E-HICH signature allocation scheme in TS 25.222.

2. E-HICH signature allocation scheme in TS 25.222
The E-HICH is used to carry HARQ ACK/NACK indicators for EUL users. For non-scheduled transmissions, it is also used to carry TPC/SS commands. The structure and coding of E-HICH for LCR TDD is proposed and adopted during RAN meeting #47bis [1]. Different E-HICHs are used for scheduled users and non-scheduled users. Multiple users’ HARQ ACK/NACK indicators are spread by different orthogonal signature sequences and multiplexed onto the same E-HICH. For a scheduled user, the signature sequence is derived according to the corresponding E-PUCH physical resources allocated to it [2]. For non-scheduled user, the signature sequence is assigned by higher layer.
The correctness of E-HICH signaling detection is very important and detection errors might impact the user throughput and the overall system performance. Unnecessary L1 retransmission will occur if ACK is misinterpreted as NAK, one the other hand, RLC retransmissions will occur if NAK is seen as ACK for the AM transmission mode. 

When two or more UEs in different cells happen to be assigned the same signature sequence, it is possible that the indicators of these UEs might interference with each other if their E-HICHs are in the same time slot. This is possible due to the non-orthogonal property of the compound spreading codes. When this happens, we call it “signature sequence collision” for expressional convenience. The probability of collision is very small due to the independency of signature sequence allocation scheme between different cells and the high correlation gain of the signature sequence. When a collision happens, however, it might last several frames for slow fading channel condition due to the static signature sequence allocation scheme and as a result the throughput of the UE which encounters the collision will drop greatly. According to method specified in [2], for scheduled transmissions, the available signature sequences of a UE depend on the number uplink EUL time slots. The smaller the number of uplink time slots is, the smaller the number of available signature sequences, and thus the higher probability of collision.
In this document, a small modification on the signature sequence allocation scheme is proposed which allocates the signature sequences dynamically to average the collision probability between EUL users. The effectiveness is demonstrated by simulations.
3. Proposed E-HICH signature sequence allocation scheme
Based on the UE signature sequence allocation scheme specified in [2], a pseudo-random permutation is defined to transform the signature index into a new index. The signature corresponding to the new index is allocated to the UE. For expressional convenience, the index of the signature sequence allocated according to [2] is called logical signature index 
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, the new index derived from the logical index using the pseudo-random permutation is called physical signature sequence index 
[image: image2.wmf]'

r

. The pseudo-random permutation varies with system sub-frame number (SFN’) so the collision probability is averaged between different EUL users. The relation between the physical signature sequence index 
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 and the logical signature sequence index 
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 can be expressed as
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where P is a permutation function depends on the logical signature index 
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, system sub-frame number SFN’ and the cell specific basic midamble sequence.
A 7-tap linear feedback shift register (LFSR) is used to generate pseudo-random numbers which are then used to generate a pseudo-random permutation. The generator polynomial of the 7-tap LFSR is 
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, as shown in Figure 1.
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Figure 1  Structure of PN register
The pseudo-random permutation is generated according to the following procedures:
1. Initialization

a.  
Initialize M = 80, initialize P as P(m) = m, m = 0, 1, …, M-1;
b. Initialize N = 7;
c.      Initialize PN register with seed s, where s = LSB(SFN’, N)⊕LSB(MidambleCode, N);
d. Initialize i = 0.
2. Repeat the following steps until i = M – 3.

a. 
Find the smallest p such that 
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b. Clock the PN register N times to obtain an N-bit pseudorandom number x. Set k = LSB(x, p);
c. 
If k > M – i – 1, set k = k – (M – i);
d. Swap the i-th and the (k+i)-th element of P, i.e., tmp = P(i), P(i) = P(k+i), P(k+i) = tmp;
e. 
Increment i by 1.
where “LSB(x, n)” means the n-LSBs of x, “⊕” means modulo 2 addition. The resulting P is the output permutation and the physical signature sequence index is given by 
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The proposed scheme averages the collision probability of EUL users by dynamically changing the allocated signature sequence. Compared with the original one, it can also be expected that the proposed scheme reduces the chance of collisions between E-HICHs transmitted by adjacent cells by enlarging the candidate signature sequence set for scheduled transmission. 
4. Simulation results
4.1. Simulation model

Due to the orthogonality between signature sequences, the interference mainly comes from adjacent cells operating on the same frequency, thus in our simulation we only consider the case of one target user in the boundary of target cell and several interference users in the interference cells. 

In our simulation, the code group index and the scrambling code of both the target cell and the interference cells, as well as the signature sequence allocated to the target user are generated randomly for each Monte Carlo trial and fixed during the scheduling periods. The number of schedule times is fixed to 10 TTIs for the target EUL user for each Monte Carlo trial. The available signature sequences are constrained by the number of EUL slots for scheduling services according to the original method.
The signature sequences allocated to the interference users are generated using the same method as the target user. The number of interference users in an interference cell is kept fixed during the scheduling period of the target user. Only the interference users with the scheduling period overlap with the target user are considered. When the scheduling period of an interference user ends during the overlap periods we generate a new signature sequence at next E-HICH transmission and keep it fixed until the end of the overlap period. We need to evaluate the detection performance of the target user. This overlap period is called evaluation period as demonstrated in Figure 2. Different color bar represents different users’ indicators in the figure. 
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Figure 2  Illustration of E-HICH scheduling in our simulation
4.2. Simulation parameters and assumptions
The parameters given in the following table are fixed in all the simulations except specifically mentioned. 
Table 1  Parameters used in our simulation

	Name
	Value
	Notes

	Probability of ACK/NAK
	0.9/0.1
	The probability of ACK/NAK transmitted by the NodeB

	Probability of positive/negative TPC/SS commands
	0.5/0.5
	The probability of positive/negative TPC- SS commands transmitted by the NodeB. (Used in the simulation of scheduled transmissions only)

	Ec/Ioc
	5dB
	The power ratio between the signature sequence of the target user and noise. This value is set high enough to isolate the impact caused by additive white noise.

	SIR
	4dB
	The power ratio between the signature sequence of the target user and the interference user.

	Number of Monte Carlo trials (N)
	50000
	

	Scheduled TTI of the target EUL user for every Monte Carlo trial (K)
	1 or 5
	The number of TTIs the target user’s signature sequence is sent on E-HICH


Ideal channel estimation is used in our simulations. The binary information (ACK/NAK and TPC/SS) carried by the E-HICH is generated randomly according to the probability given in the above table. For non-scheduled services, the signature sequence group assigned for a EUL user is chosen randomly by NodeB. The probability of E-HICH being transmitted in the available downlink timeslots except TS0 is assumed to be equal. To save the simulation time, however, the E-HICHs of both the target user and the interference users are set to the same time slot in our simulation. Probability calculation is employed to derive the final results based on the simulation results.
4.3. Evaluation metrics
For each Monte Carlo trial i, a detection error rate 
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, where Pk = k/K. The number of occurrence of error rate Pk is defined as Nk = number of trials when detection error rate is equal to Pk. The sum of Nk should be equal to the total number of Monte Carlo trials N =20000, i.e., 
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Base on the above definitions, the mean of detection error rate when there are i (i=1, 2) interference cells and the E-HICH of both the target cell and the interference cells are sent in the same slot is defined as follows
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 are obtained directly from simulation. Let the number of downlink slots available to sent the E-HICH is D, the mean detection error rate when there are two interference cells is derived as
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 is the mean detection error rate under general assumption where the E-HICH of the target cell and all the interference cells are sent independently on arbitrary downlink slots with equal probability. We’ll use 
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 as the evaluation metrics for comparison.
4.4. Simulation results

Base on the above assumptions and evaluation metrics, the performance of both the original method and the proposed method are simulated under both fast fading and slow fading channel models. The channel models we used are given by Table B2 of TS 25.102 [3].

4.4.1. Scheduled service
1. Slow fading channel model (Case 1, Scheduled TTI = 1 and 5)
Figure 3 gives the simulation result when the E-HICH of both the target cell and the interference cells are sent in the same timeslot. Figure 4 gives the result derived by using equation (3).
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(a) Scheduled TTI = 5
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(b) Scheduled TTI = 1
Figure 3  Mean error detection rate versus EUL timeslot number (Case 1, E-HICH of both target cell and interference cells in the same timeslot)
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(a) Scheduled TTI = 5
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(b) Scheduled TTI = 1
Figure 4  Mean error detection rate versus EUL timeslot number (Case 1, E-HICH of target cell and interference cells set independently)
2. Fast fading channel model (Case 3, Scheduled TTI = 5)

Figure 5 gives the simulation result when the E-HICH of both the target cell and the interference cells are sent in the same timeslot. Figure 6 gives the result derived by using equation (3).
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Figure 5 Mean error detection rate versus EUL timeslot number (Case 3, E-HICH of both target cell and interference cells in the same timeslot)
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Figure 6 Mean error detection rate versus EUL timeslot number (Case 3, E-HICH of target cell and interference cells set independently)
3. Performance under low Ec/Ioc condition (Case 3, Scheduled TTI = 5, Ec/Ioc = -5dB)
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Figure 7 Mean error detection rate versus EUL timeslot number (Case 3, E-HICH of both target cell and interference cells in the same timeslot)
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Figure 6 Mean error detection rate versus EUL timeslot number (Case 3, E-HICH of target cell and interference cells set independently)
4.4.2. Non-scheduled service

1. Slow fading channel model (Case 1)

The simulation results are given in the following table. The E-HICH of the target cell and the interference cells are in the same timeslot. 

Table 2 Mean detection error rate under Case 1
	Number of 

interference cells
	Method
	ACK/NAK
	TPC/SS

	1
	Original
	0.905e-3
	4.750e-3

	
	Proposed
	0.704e-3
	4.902e-3

	2
	Original
	1.858e-3
	8.695e-3

	
	Proposed
	1.310e-3
	8.969e-3


2. Fast fading channel model (Case 3)

The simulation result is given in the following table. Also the E-HICH of the target cell and the interference cells are in the same timeslot.
Table 3  Mean detection error rate under Case 3
	Number of 

interference cells
	Method
	ACK/NAK
	TPC/SS

	1
	Original
	1.030e-4
	7.790e-4

	
	Proposed
	0.430e-4
	5.500e-4

	2
	Original
	2.150e-4
	1.766e-3

	
	Proposed
	1.170e-4
	1.373e-3


4.4.3. Performance versus SIR (Scheduled service)
Figure 7 gives the performance of the original method and the proposed method under different SIR value. The E-HICH of the target cell and the interference cell are assumed to be in the same timeslot. The Ec/Ioc of E-HICH of each user is fixed to 5dB. The number of EUL timeslot is fixed to 3.
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Figure 7 Mean error detection rate versus SIR (Case 3)
5. Conclusion

From all these figures, it can be observed that under both channel conditions, the mean detection error rate of the original method is bigger than the proposed method when the number of uplink timeslot is less than 5 and tends to be the same when the number of uplink timeslots equals the maximum allowed value (=5). In actual applications, the number of uplink time slots is often smaller than downlink time slots, so performance gains can be expected when the proposed scheme is adopted.
The proposed E-HICH signature allocation scheme outperforms the original one for scheduled EUL service with only neglectable increase on system complexity. So it is suggested to modify TS25.222 as specified in CR [4].
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