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A Superimposed Retransmission Scheme in UL
Martin Liu, Yi Lu, Yinwei Zhao, Jiping Li, Yinggang Du
Huawei
1. Introduction
In mobile cellular system, HARQ technique is widely adopted to improve the overall system performance. There are three types of HARQ and chase combining is one of the important techniques in Type I HARQ. However, retransmission in HARQ occupies extra system resource. Usually, 10% or more system resource is occupied in retransmission in OFDMA system. 
2. Proposed Scheme
We propose a novel superimposed retransmission scheme in uplink shown as Figure 1. In the scheme, when BS fails to decode the data from MS1 and MS2, it allocates identical resource block to the two MSs by sending control signaling shown as Figure 2.
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Figure 1. The transmission process of proposed scheme
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Figure 2. The allocation process of resource block
The process of proposed scheme is as following.
(1) In Frame t, several MS transmit data to BS in uplink channel. Suppose MS1 transmits signal a to BS.
(2) BS receives the signal a from MS1, but fails to decode it. Then BS sends NACK (non- acknowledge) to MS1 in DL channel in the next frame. 
(3) In Frame t+i, several MS transmit data to BS in uplink channel. Suppose MS2 transmits signal b to BS. 

(4) BS receives the signal b from MS2, but fails to decode it. Then BS sends NACK (non- acknowledge) to MS2 in DL channel in the next frame. Then BS sends a signaling which allocates the same time/ frequency resource block to MS1 and MS2 for retransmission in frame t+j (where
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(5) MS1 and MS2 receive NACK and the signaling respectively. MS1 transmits the retransmission signal a on allocated resource block in Frame t+j. And MS2 also transmits the retransmission signal b on the identical allocated resource block in Frame t+j.
(6) BS receives the mixed signal on the predefined resource block. The mixed signals are represented as (1.1)
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where h3 and h4 detected by pilots or training sequences are retransmission channel responses coefficient from MS1 to BS and from MS2 to BS respectively. 
Receiver Technique
Typically, the retransmission signal is the same as original signal. In the first transmission, BS receives the signals r1 and r2 from MS1 and MS2 respectively.
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where h1 and h2 are channel responses coefficient of first transmission from MS1 to BS and from MS2 to BS respectively, n1 and n2 are the interferences and noises of first transmission that BS receives from MS1 and MS2 respectively. 
In the retransmission, BS receives the mixed signals r3 from MS1 and MS2 expressed as (1.3)
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where h3 and h4 are channel responses coefficient of retransmission from MS1 to BS and from MS2 to BS respectively, n3 are the interferences and noises of retransmission.
Combine (1.2) and(1.3)

, 
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   (1.4) 
We also can use equalization algorithms such as ZF, L-MMSE to estimate the values of a and b.
3. Conclusion
In this contribution, a superimposed retransmission scheme in uplink is proposed. In uplink HARQ, the BS may assign same resource blocks for retransmissions of different MSs, in which the uplink retransmission resource can be saved and the system capacity can be improved.. 
4. Text Proposal to SDD
------------------------------------Start text proposal------------------------------------
[Adopt the following text in the ToC of P802.16m System Description Document (SDD)]
11.x.x Uplink HARQ
The superimposed retransmission operation should be supported in uplink. In uplink HARQ operation, the BS may assign same resource blocks for retransmissions of different MSs. 
------------------------------------End text proposal------------------------------------
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