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1	Introduction
In legacy LTE system, the UEs’ soft buffer is split into 8 equal segments, where each of which can be accessed using a 3-bit information field placed in the DCI. However, when both the sTTI and legacy operations are supported, the HARQ management should be revised so that both operations can be efficiently supported. 
In this contribution paper, we explore different HARQ management schemes for supporting both operations.
2	HARQ Management under 1ms and sTTI Operations
[bookmark: prop_e]In this paper, we describe the following four options:
· Increasing the soft buffer size
· Fully-overlapping HARQ processes
· Fully non-overlapping HARQ processes
· Partially-overlapping HARQ processes.

2.1 Increasing the Soft Buffer Size
One way to support the HARQ processes for both 1ms and sTTI traffics could be to increase the soft buffer size. As an example, if  processing timeline is adopted for the sTTI operation, similar to the legacy approach, a -bit HARQ process indicator can be used to address any of the  HARQ processes. Further, the two sets of HARQ processes could be distinguished based on whether the grant is received via the legacy PDCCH or sPDCCH. 
The downside of this approach is that it could be costly. In any case, at least for the 2-symbol operation, where the required soft buffer size is much less than that of the legacy approach, this option may be considered.
For the other options explained in the remainder of this document, there is no need to increase the soft buffer size. 
2.2 Fully-Overlapping HARQ Processes
Under this approach, the legacy soft buffer and the set of legacy HARQ processes can be used for both operations. Similar to the previous case, a 3-bit HARQ process ID is sufficient to point to any of the 8 HARQ processes if  is assumed. As an example, when both 1ms and 2-symbol operations are supported, the HARQ ID 0-7 refers to both 1ms and sTTI HARQ processes. Then, depending on whether the grant is sent via PDCCH or sPDCCH, changing the TTI length between the initial transmission and the subsequent re-transmissions becomes feasible. However, for the 2-symbol sTTI where the HARQ timing might be based on  with , this approach may not be suitable.
2.3 Fully Non-Overlapping HARQ Processes
Unlike the scheme explained in Section 2.2, the other extreme approach is to split the soft buffer in to two segments, where each of which is only used to accommodate the HARQ processes of one the two operations. An example is shown in Figure 1, wherein four of the HARQ processes originally assigned to the 1ms traffic are removed. This allows to use the freed-up space for providing 8 HARQ processes for the 1-slot low latency operation.


Figure 1: The structure of the non-overlapped HARQ management with 1ms TTI and 1-slot sTTI.

Similar to the previous approaches, only a 3-bit HARQ ID is sufficient to be included if  timing is assumed for the sTTI operation. The benefit of this approach as compared to the preceding one is that it reserves some of the HARQ processes for 1ms only. Hence, 1ms TTI traffic type can be served more efficiently. However, unlike the previous approach, it does not enable using different TTI length for the initial transmission and the re-transmissions.
2.3 Partially-Overlapping HARQ Processes
The partially overlapping HARQ management scheme combines the benefits of the two previous schemes. An example is shown in Figure 2, wherein two of the HARQ processes originally assigned to the 1ms traffic are replaced by 8 1-slot HARQ processes. In this case, process ID 0-3 are assigned to the 1ms legacy traffic, while all 12 HARQ processes can be used for a 1-slot low latency traffic. 


Figure 2: The structure of the partially-overlapped HARQ management with 1ms TTI and 1-slot sTTI.
Under this approach, the 1ms traffic can be served efficiently. Also, it is possible to switch the TTI length between the legacy and sTTI operations. However, as compared to the previous approaches, a larger number of bits are required to distinguish between the HARQ processes.
As discussed so far, two main approaches can be considered for HARQ management when both the legacy and sTTI operations are supported: (1) increasing the soft buffer size, and (2) keeping the soft buffer size the same, while accommodating HARQ processes for both operations. For the latter approach, three different schemes are discussed.
In general, although the HARQ buffers can be shared across different TTI lengths as explained before, it is not preferred to allow for combining different traffic types at a UE. First, there is no use case for going from a 1ms TTI to an sTTI. The 1ms TTI length is selected at time of the first transmission based on the latency requirements and buffer size. This does not change during the cycle of retransmissions. Second, although moving from an sTTI for the initial transmission to a 1ms TTI for retransmission may enhance the coverage, a larger number of retransmission opportunities can be achieved if sTTI is adopted for retransmissions as well. Hence, we have:
Proposal 1: The soft information combining should not be allowed across different TTI lengths.
Proposal 2: The HARQ management can be done by either increasing the soft buffer size or reusing the 1ms HARQ buffers for the sTTI operation. The adopted scheme could possibly be different for the 2-symbol and 1-slot operations. 
3	Conclusions 
Proposal 1: The soft information combining should not be allowed across different TTI lengths.
Proposal 2: The HARQ management can be done by either increasing the soft buffer size or reusing the 1ms HARQ buffers for the sTTI operation. The adopted scheme could possibly be different for the 2-symbol and 1-slot operations. 
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