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1.
Introduction
In this document, radio resource allocation method for uplink is discussed in relation to HARQ.
2.
Discussion
2.1 Radio Resource Allocation

Section 11.1.2 of TS 36.300 states that In the uplink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on L1/L2 control channel(s). Also section 11.1 states that Radio resource allocations can be valid for one or multiple TTIs.
Based on this, following has to be discussed.

Q1. Dynamic resource allocation only at initial transmission or not?

Depending on whether this sentence applies to only an initial transmission or also applies to retransmission, the basic operation will be different. In other words, this is about whether resources for re-transmission always has to be allocated explicitly. The difference is shown in the following figure 1 and 2.
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Fig  1 UL dynamic allocation both for initial and ReTX
The figure 1 shows the case when eNB indicates the used radio resource at each retransmission.
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Fig  2 UL dynamic allocation only for initial TX
On the other hand in the figure 2, the radio resource for each retransmission is implicitly indicated when it allocates radio resources for initial transmission.

Q2 Maximum number of retransmission

It should be decided whether the maximum number of retransmission is dynamic value or static value. 
If it is static value, the maximum number of retransmission is same for all processes and this should be configured at bearer setup. This is already shown in figure 2 above. In the figure 2, it is assumed that maximum number of retransmission is 2 regardless of process ID or the type of data in the MAC PDU.
But if maximum number of retransmission is dynamic value, there are two possibilities. 
First one is that the maximum number of retransmission is notified at each new transmission. Based on the buffer status report, the eNB may know what the top priority data is. Using this information, the eNB can decide the maximum number of re-transmission. This is shown in the following figure 3.
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Fig  3 UL Dynamic Max number of ReTX (Based on figure 2)
Another possibility is that the retransmission can continue until resource allocation for the HARQ stops or new initial transmission is indicated. This is shown in figure 4.  
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Fig  4 Alternative UL Dynamic Max number of ReTX (Based on figure 2)
In the figure 4, the UE does not know the maximum number or ReTX for each process. At each allocation message, the message includes whether the transmission is for new transmission (N) or retransmission (R). Only when it finds that new initial transmission is indicated (time M in the figure 4) or when it finds no more resources allocation (time K in the figure 4) for the retransmission, it knows that it has reached the maximum number of retransmission.
Q3. Per process or Per UE resource allocation

Allocation message can be meant for only the related HARQ process or all the HARQ processes. Following figure 5 and 6 shows the differences.
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Fig  5 One allocation message for one HARQ process (based on figure 2 above)
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Fig  6 One allocation message for all HARQ processes (based on figure 2 above)
As shown in the figure 6 compared to figure 5, if one allocation message intends for all the HARQ processes, the overhead in L1/L2 control channel can be reduced. But one allocation message for all HARQ processes limits some flexibility. Then, an allocation message can include the information of valid processes. This is shown in figure 7.
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Fig  7 One allocation message for several HARQ process (based on figure 2 above)
In the figure 7, the first allocation message indicates that the allocation is for the process 1, 2, 3 and 4. And the second allocation message is for the process 1 and 3. Accordingly, only indicated processes can transmit according to the allocation message.
Q4. Multiple TTI

If one allocation message can be valid for multiple TTIs, the TTI at which the UE can transmit should be clear. One purpose of this multiple TTI allocation is that several transport blocks can be transmitted with one allocation message over one process.

First possible approach is that the multiple TTI intends for one HARQ process.

Because data associated control information is not transmitted in uplink, the initial transmission timing should not be ambiguous between UE and eNB. This information can be either delivered to the UE directly or the UE and the eNB can infer implicitly by using the maximum number of retransmission. 
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Fig  8 Multiple TTI for one Process
In the figure 8, the maximum number of retransmission is assumed to be 2. Thus, when the first allocation message allocates resources for 6 TTI, it translates to 2 consecutive MAC PDU transmissions.
In second approach, the multiple TTI means time period including all processes. This is shown in figure 9.
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Fig  9 Multiple TTI for all Processes
In figure 9, maximum number of retransmission is assumed to be 1 for simplicity. With first allocation message set to 16 TTI, this translates into 2(maximum 1 re-transmission) * 4 (processes) * 2 (MAC PDUs). Thus, with the first allocation message, each process can transmit consecutively up to 2 MAC PDUs. 
3.
Conclusion
In this document, we raised several questions and showed possible alternatives for resource allocation in relation to HARQ operation. It is proposed to discuss each option in section 2 and to decide on a desirable operation.
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