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HARQ process timing and HARQ process number 
Chiu Chun-Yuan, Fang-Ching Ren, Richard Li, ITRI
Wern-Ho Sheen, NCTU/ITRI
1. Introduction
In [1], the pros. and cons. between synchronous Hybrid-ARQ (HARQ) and asynchronous HARQ in uplink (UL) are discussed. According to the comparison made in [1], we also agree the proposal of adopting synchronous HARQ as the UL HARQ operation because the leakage of scheduling gain and further control signaling overhead are inevitable when asynchronous HARQ is adopted in UL. This contribution describes the timing diagrams of synchronous UL HARQ and discusses how many HARQ processes should be supported to achieve continuous transmissions under various downlink / uplink (DL/UL) ratios and base station / mobile station (BS/MS) processing delays. Moreover, a method for figuring out the mapping between HARQ process identification (ID) and the associated subframe is proposed.
2. Synchronous manner for HARQ and the associated timing diagram
Synchronous HARQ means that the transmissions (or retransmissions) for a certain HARQ process are restricted to occur at known time instants between MS and BS. In one synchronous manner, the HARQ process ID can be simply associated with the position of the allocated subframe within a frame. For example, as shown in Fig.1, the first uplink subframes of frames i+k, for all k = 0, 2, 4, …, are allocated for the first HARQ process. In this kind of synchronous manner, the maximum number of HARQ processes is always selected to match a multiple of the size of frame. Assume that each frame is divided into eight subframes (DL/UL ratio is 2:6) and data processing delay for both MS and BS is 2 subframes. Since the maximum number of HARQ processes should be configured large enough such that all HARQ processes have enough time to process data, the number of HARQ processes should not be less than 12 in this example. 
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Fig. 1. HARQ timing diagram when the number of HARQ processes is 12
However, large number of HARQ processes will increase the buffering requirements and result in long round trip time (RTT). Long RTT may lead to false selection of modulation and coding scheme (MCS), which will result in erroneous packet reception. In Fig. 1, the maximum time from receiving a feedback (including the channel quality information) to transmitting the next transmission is 12 subframes. Therefore, another synchronous manner which tries to minimize the maximum number of HARQ processes is more desirable. For example, as shown in Fig. 2, the number of HARQ processes is minimized to 8. The maximum time from receiving a feedback to transmitting the next transmission is reduced to 8 subframes.  
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Fig. 2. HARQ timing diagram when the number of HARQ processes is 8
3. The number of HARQ processes 
The required maximum number of HARQ processes is related to the DL/UL ratios and the BS/MS processing delays. Assume that the frame structure is a subframes for downlink and then b subframes for uplink. In uplink HARQ transmission, the delay of processing the received data packet in BS is dbs and the delay of processing the received ACK/NACK in MS is dms. The jth subframe within frame i is called as subframe k=i((a+b)+j.
If an uplink data packet is transmitted at uplink subframe k, the packet will be processed until subframe k+dbs. If the next subframe k+dbs+1 is a downlink subframe, the associated feedback of the data is replied at the subframe. Otherwise, an additional delay to reach an available downlink subframe, denoted by dDL, is needed. The dDL can be calculated as max{0, b((k+dbs(a)mod(a+b)}. Denote that Fk is the number of subframe where the associated feedback of the data transmitted at subframe k is replied. Then Fk can be calculated as follows. 

Fk = max{k+dbs+1, k+dbs+[b((k+dbs(a)mod(a+b)]+1}.
(1)
After the MS receiving the feedback at subframe Fk, the feedback will be processed until subframe Fk+dms. If the next subframe Fk+dms+1 is an uplink subframe, a new data packet (or retransmission) is transmitted at the subframe. Otherwise, an additional delay, denoted by dUL, to reach an available uplink subframe is needed and can be calculated as max{0, a((Fk+dms)mod(a+b)}. Denote that Tk is the number of subframe where the new data packet (or retransmission) is transmitted. Then Tk can be calculated as follows.

Tk = max{Fk+dms+1, Fk+dms+[a((Fk+dms)mod(a+b)]+1}.
(2)

The illustration of dbs, dms, dDL, dUL, Fk, and Tk are shown in Fig. 3.
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Fig. 3. Illustration of dbs, dms, dDL, dUL, Fk, and Tk
The maximum number of HARQ processes, denoted by N, should be configured large enough such that all HARQ processes have enough time to process data and feedback. Denote that Nk is the amount of uplink subframes from uplink subframe k to subframe Tk(1. Then Nk can be calculated as follows.
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(3)

Since the value of N can not be less than Nk for all uplink subframe k, the minimum N is max{Nk, for all uplink subframe k}. Moreover, for two uplink subframes i and j, if their positions within frames are equal (i.e., imod(a+b) = jmod(a+b)), Ni is also equal to Nj. Therefore, the minimum N can be obtained as follows.

N = max{Nk, for all k = a+1 to a+b}.
(4)
According to equations (1)-(4), the required maximum numbers of HARQ processes under various DL/UL ratios and the BS/MS processing delays are summarized in Table 1.
Table 1. UL HARQ process number under various DL/UL ratios and BS/MS processing delays
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After determining the number of HARQ processes, a method for figuring out the mapping between HARQ process ID and the associated subframe is shown as follows. If the jth subframe within frame i is allocated for the first HARQ process, the HARQ process ID of a data packet received at the j’th subframe within frame i’ is [(i’(i)(b+(j’(j)+1] mod N.
4. Conclusions

This contribution is concluded as follow.
· We propose to adopt synchronous HARQ as the UL HARQ operation.
· The maximum number of HARQ processes is related to the DL/UL ratios and the BS/MS processing delays and should be minimized.

· The required maximum number of HARQ processes can be calculated by the equations (1)-(4) and is summarized in Table 1.

· Assume that the jth subframe within frame i is allocated for the first HARQ process. If a data packet is received at the j’th subframe within frame i’, the HARQ process ID of the data packet is [(i’(i)(b+(j’(j)+1] mod N, where N is the required maximum number of HARQ processes obtained by the equations (1)-(4).
Proposed Text 
The following text is proposed to be captured in the IEEE 802.16m system description document (SDD) [2].
================================= Start of Proposed Text ==============================

x.x.x Uplink Hybrid-ARQ operation
Uplink (UL) Hybrid-ARQ (HARQ) is based on synchronous HARQ. The maximum number of HARQ processes should be minimized and be configured large enough such that all HARQ processes have enough time to process data. It is related to the frame structure (e.g., DL/UL ratio) and the BS/MS processing delay.
==================================== End of the Text ================================
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