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1	Introduction
In this contribution, we provide some design details for uplink processing timeline reduction for TTI shortening.
2	Discussion
In this contribution, we consider some uplink design details for shortened TTI particularly focusing on the shortened PUSCH channel HARQ operation. 
Shortening the TTI will allow the receiver processing to finish faster given the same processing capability. This is based on the fact that with shorter TTI, the number of payload bits reduces proportionally, and the time it takes for the receiver to process the data also reduces. This will allow the HARQ process to accelerate. HARQ turnaround time reduction is actually the key factor in reducing the delay of the transmission. Another important benefit of shortening the timeline is that CSI can be reported faster. Hence, the eNB can tune its transmissions more accurately. 
One natural way of cutting down the turnaround time of the HARQ operation is to have proportional down-scaling between the TTI duration and the turnaround time. Assuming that all processing times can be scaled down as a function of sTTI length, the processing timing of  should be possible. As an example, assuming a 2-symbol TTI and  procesing timeline, a 16 symbol turnaround time can be considered. Similarly, for a 1-slot TTI, a scaled turnaround time of 4ms can be considered. An example of the 2 symbol TTI case is shown in Figure 1. An example of the 1-slot sTTI case is shown in Figure 2.



[bookmark: _Ref442336155]Figure 1: HARQ Turnaround Time For The 2-Symbol sTTI Case



[bookmark: _Ref450572209]Figure 2: HARQ Turnaround Time For The 1-Slot sTTI Case

[bookmark: prop_a]Proposal 1: Shortened HARQ RTT should be considered, e.g., starting from scaled proportionately with the TTI length.
The above HARQ turnaround design for the 2-symbol sTTI does not consider the variable number of control OFDM symbols in the DL and the coexistence with 1-slot sTTI in time domain. For example, if we have 3 control OFDM symbols in a subframe, it will be hard to have the sTTI 1 in the subframe to start from OFDM symbol 2 (the third control OFDM symbol). The 2-symbol sTTI packing in a subframe should be a function of the number of control OFDM symbols. In particular, it is desirable to have the sTTI cover exactly the duration of the legacy control region. This can allow for two options at the discretion of the eNB scheduler: (1) allow shortened data grants within the legacy control region, or (2) avoid any sTTI data allocation completely within the legacy control region.
In addition to that, the 2-symbol sTTI 3 in Figure 1 crosses the slot boundary within the subframe. Then, if a 2-symbol sTTI 3 is assigned to a UE for sPDSCH, it will be hard to assign the same set of RBs as a 1-slot sTTI to a different UE. This will cause some scheduling issue when the eNB needs to support multiple sTTI lengths at the same time. A method to avoid these issues is to design the 2-symbol sTTI pattern within a subframe to be number of control OFDM dependent, and the 2-symbol sTTI does not cross slot boundary. Diagrams of the three DL sTTI layouts for the three PDCCH control symbol durations are shown in Figure 3.



Figure 3: Downlink sTTI design layouts.

If the PDCCH covers only one symbol, the first control symbol is not considered a possible sTTI location and is followed by 6 sTTIs of length {2, 2, 2, 2, 2, 3}. For the case of PDCCH with 2 and 3 symbol duration, the control symbols are considered valid sTTIs with lengths of {2, 3, 2, 2, 2, 3} and {3, 2, 2, 2, 2,3}, respectively. With each of these three configuration, all requirements stated above are met. Further, all the aforementioned layouts make sure that the UERS and CSI-RS resources are grouped within the same sTTI. Hence, the interference power seen by the REs within one RS pair is uniform.

[bookmark: prop_b]Proposal 2: For the 2-symbol sTTI operation, we propose that the DL sTTI configurations be {2, 2, 2, 2, 2, 3}, {2, 3, 2, 2, 2, 3}, and {3, 2, 2, 2, 2, 3} for the cases of 1, 2, and 3 PDCCH control symbols, respectively. 
To design the 2-symbol sTTI pattern in the UL, there must exist 6 UL sTTIs within a 1ms subframe so that there is a 1-to-1 mapping between the 6 sTTIs defined in the DL and UL. Another important constraint to meet in the UL is that the last sTTI of a subframe should incorporate sufficient resources to allow for an SRS configured transmission. If the UL configuration {3,2,2,2,2,3} is considered, the above constraints are met.
Proposal 3: For 2-symbol sTTI operation, we propose that the UL sTTI configuration be {3, 2, 2, 2, 2, 3}.
As seen from both the DL and UL configurations, there are some 3-symbol sTTIs within each subframe. However, it is not preferred to have the processing delay for such 3-symbol sTTI to be longer than a normal 2-symbol sTTI, as it will complicate the HARQ timeline. One way to solve this problem is to restrict the maximum TBS size in a 3-symbol sTTI to be no more than the max TBS size in a 2-symbol sTTI. 
[bookmark: prop_c]Proposal 4: When we assign 3 OFDM symbols for a UE in sTTI, the maximum TBS control is used to make sure the processing timeline follows that of a 2-symbol sTTI.
Table 1 to Table 3 show the HARQ processing gap available assuming 1/2/3 control OFDM symbols respectively. For sPUSCH operation, the DL to UL gap is the time budget available to decode the UL grant, and generate sPUCCH. On the other hand, the UL to DL gap is the time budget available for eNB to decode the sPUSCH and prepare the A/N and the UL grant for retransmissions. In the design in Table 1 to Table 3, we assume a minimum processing time of 6 OFDM symbols on each direction, i.e., the timeline is based on . 
[bookmark: _Ref450566966]Table 1. HARQ processing timeline assuming 1 control OFDM symbol
	DL (STTI IDX)
	GAP (SYMBOL)
	UL (STTI IDX)
	GAP (SYMBOL)
	DL (STTI IDX)

	0
	6
	4
	6
	1

	1
	6
	5
	7
	3

	2
	7
	0
	6
	4

	3
	8
	1
	6
	5

	4
	6
	1
	6
	5

	5
	7
	3
	6
	0



Table 2. HARQ processing timeline assuming 2 control OFDM symbols
	DL (STTI IDX)
	GAP (SYMBOL)
	UL (STTI IDX)
	GAP (SYMBOL)
	DL (STTI IDX)

	0
	7
	4
	8 
	2

	1
	6
	5
	7
	3

	2
	7
	0
	6
	4

	3
	8
	1
	6
	5

	4
	6
	1
	6
	5

	5
	7
	3
	7
	1



[bookmark: _Ref450566974]Table 3. HARQ processing timeline assuming 3 control OFDM symbols
	DL (STTI IDX)
	GAP (SYMBOL)
	UL (STTI IDX)
	GAP (SYMBOL)
	DL (STTI IDX)

	0
	6
	4
	6
	1

	1
	6
	5
	7
	3

	2
	7
	0
	6
	4

	3
	8
	1
	6
	5

	4
	6
	1
	6
	5

	5
	7
	3
	8
	1



The UE TA will eat into the DL to UL processing time. It is necessary to limit the maximum TA for UE operating in low latency mode, but exact maximum TA number needs further study. It is also noted that different sTTI may have different DL to UL gap. The eNB may intentionally put UE with larger TA requirement in sTTI with larger DL to UL gap.
[bookmark: prop_d]Proposal 5. Max TA limit for low latency UE needs further study.
[bookmark: prop_e]Proposal 6. If different sTTI has different DL to UL gap, the eNB may intentionally put UE with larger TA requirement in sTTIs with larger DL to UL gap.
The analysis of this paper considers the processing timeline of  for shortened TTI. Considering the short length of each sTTI, specifically in a case of a 2-symbol sTTI, the chosen processing time depends on the selected TA. In particular, if the selected TA is not sufficiently small, to compensate for the TA, a larger processing timeline can be used; e.g.,  can be chosen as the timeline. Moreover, the processing timeline can be chosen based on each UE’s TA. For users with smaller TA values,  and for users with larger TA values  can be configured.
Proposal 7: Consider support different HARQ timings based on UE’s TA.
3	Conclusions 
Based on the discussion presented in the paper, we outlined specific issues that need to be considered for the low latency uplink operation. In particular, we propose:
Proposal 1: Shortened HARQ RTT should be considered, e.g., starting from scaled proportionately with the TTI length.
Proposal 2: For the 2-symbol sTTI operation, we propose that the DL sTTI configurations be {2, 2, 2, 2, 2, 3}, {2, 3, 2, 2, 2, 3}, and {3, 2, 2, 2, 2, 3} for the cases of 1, 2, and 3 PDCCH control symbols, respectively. 
Proposal 3: For 2-symbol sTTI operation, we propose that the UL sTTI configuration be {3, 2, 2, 2, 2, 3}.
Proposal 4: When we assign 3 OFDM symbols for a UE in sTTI, the maximum TBS control is used to make sure the processing timeline follows that of a 2-symbol sTTI.
Proposal 5. Max TA limit for low latency UE needs further study.
Proposal 6. If different sTTI has different DL to UL gap, the eNB may intentionally put UE with larger TA requirement in sTTIs with larger DL to UL gap.
 Proposal 7: Consider support different HARQ timings based on UE’s TA.
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