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Introduction
In RAN#86, the following agreement has been made regarding HARQ timeline:
•       For slot-based scheduling, NR specification should support the following
–      DL data reception in slot N and corresponding acknowledgment in slot N+K1
•       All UEs should support K1≥1 with exact values for K1 FFS
•       Some UEs may support K1=0 (FFS conditions)
–      UL assignment in slot N and corresponding uplink data transmission in slot N+K2
•       All UEs should support K2≥1 with exact values for K2 FFS
•       Some UEs may support K2=0 (FFS conditions) 

The following agreement regarding uplink short burst has also been made:
   At least two ways of transmissions are supported for NR UL control channel
–      UL control channel can be transmitted in short duration
•       around the last transmitted UL symbol(s) of a slot
•       FFS: How to define and treat the potential gap at the end of the slot
•       FFS: in the other positions, e.g., the first UL symbol(s) of a slot
•       TDMed and/or FDMed with UL data channel within a slot
–      UL control channel can be transmitted in long duration
•       over multiple UL symbols to improve coverage
•       FDMed with UL data channel within a slot
–      FFS how to multiplex with SRS
–      The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth 

In this contribution, we express our views on the locations of short PUCCH.
Discussion
In 5G, in has been agreed that a self-contained subframe should be supported at least in some subframes, where ACK to a DL data transmission can be transmitted in the same slot as the DL data.  That means that we need an uplink short burst (ULSB) to be present in some DL centric subframes. To reduce the switching gap overhead, a natural position for short PUCCH or ULSB in DL centric subframes is the last symbol as illustrated following:
[image: ]
Figure 1. ULSB at the last symbol in DL centric subframes
Even when immediate turnaround is not supported, having a ULSB in a DL centric subframes is still beneficial. For example, it will allow the HARQ timeline to be decoupled with DL/UL configurations. If a ULSB is not present in DL slot, the ACK feedback has to wait for the next available UL slot. The number of HARQ interlaces will depend on the specific DL/UL configuration. On the other hand, having s ULSB in DL centric slot may allow HARQ ACK to be transmitted in DL slot to reduce turnaround time in a case with DL dominant scenario where multiple consecutive DL slots are followed by a small number of UL slots. 
Figure 2(a) shows the timeline for the case without ULSB in DL centric slot where UL ACK can only be transmitted in UL centric slot in either long burst or short burst. In this case, both the number of HARQ interlaces and the turnaround time is uncertain. Figure 2(b) shows the timeline for the case with ULSB at the last symbol of DL centric slot with 2 HARQ interlaces which has relaxed timeline for UE compared to immediate turnaround but still tight timeline for eNB. Comparing 2(b) with 2(a), we can clearly see the benefit of having ULSB in DL centric subframe to decouple harq timeline from DL/UL configuration even though immediate turnaround is required. 
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(a) UL feedback delay dependent on D/U pattern if without ULSB in DL centric slot
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(b) Example of 2 HARQ interlaces with ULSB in DL centric slot

Figure 2. HARQ timeline for DL dominant scenario
(1) DL data reception to UL ACK transmission
(2) UL ACK reception to DL data retransmission or new transmission
We therefore have the following proposal:
Proposal 1: The UL short burst should be the last symbol(s) of DL centric slot if present.
In [1] and [2], it has been proposed to move ULSB in UL centric slot to a symbol location other than the last symbol. One benefit of having ULSB before long burst is to have relaxed time line for eNB and UE with 2 HARQ interlace when we have DL UL alternating configurations as illustrated in Figure 3(a). However such benefit of timeline relaxation is not applicable when we have consecutive DL or consecutive UL configurations. As illustrated in Figure 2(b), when we have consecutive DL configurations, the timeline for eNB is still very tight for 2 HARQ interlaces. 
On the other hand, as illustrated in Figure 3(b), when we have consecutive UL slots, for the UL slots except for the last of the group, the extra turnaround time of moving ULSB to the front is diminished because we already have sufficient turnaround time for eNB provided by the ensuing UL slots. Therefor the benefit of having ULSB in front of UL long burst is applicable only in very limited scenarios. 
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(a)
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(b)
Figure 3. (a) HARQ timeline for ULSB in front of UL long burst with DUDU pattern
(b) HARQ timeline for ULSB after UL long burst with consecutive UL slots

Observation 1: having ULSB in the middle of the slot is only beneficial to timeline for DL UL alternating configuration 

In [1], another aspect related to unlicensed deployment is raised in favour of front loaded ULSB in UL centric slot. It was brought up that moving ULSB to the front may save the LBT overhead. The LBT gap for ULSB may be reused with switching gap from PDCCH to ULSB. However, when ULSB and UL long burst are transmitted from different UE, we also need a LBT gap after ULSB for sensing for transmission in UL long burst from a different UE as illustrated in Figure 4. Therefore, we don’t see a clear benefit of moving ULSB to the front to save LBT overhead for unlicensed deployment. 
[image: ]
Figure 4. LBT gap needed for UL long burst if ULSB is in front of UL long burst

Observation 2: Having ULSB in the middle of the slot does not reduce LBT overhead in unlicensed deployment.

On the other hand, moving ULSB to the front will expose ULSB to mixed interference in dynamic TDD scenario. This is certainly undesirable because the critical information carried in ULSB could be wiped out by the much stronger mixed interference. 
Observation 3: ULSB in the middle of the slot is subject to mixed interference in dynamic TDD scenario.

Comparing the limited benefit and serious risk, we think a back loaded ULSB is still desirable. We therefore have the following proposal:
Proposal 2: UL short burst carrying UCI should be the last symbol of the UL centric slot in present.
With ULSB fixed at the last symbol of both UL and DL centric slot, we may add an optional interference control signal. This optional interference control signal may be enabled in dynamic TDD or unlicensed scenario. However, it shouldn’t contain any critical information like ACK. Therefore, it will not impact the overall HARQ timeline. And therefore, it shouldn’t be considered as part of L1/L2 control for ULSB and therefore outside of the scope of this contribution. The details are omitted here. Please refer to [3] for details on the options.
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In this document, we consider the location of uplink short burst (ULSB) in both DL and UL centric slot. To support self-contained structure, we need to have ULSB at least in some of the DL centric slots. Having ULSB for every non-self-contained slot can decouple the HARQ timeline from specific DL and UL configurations. To reduce switching overhead, ULSB should be the last symbol of DL slot. We therefore propose:
Proposal 1: The UL short burst should be the last symbol of DL centric slot if present.
In UL centric slot, moving ULSB to front of UL long burst may relax timeline for eNB in 2 HARQ interlace case. However such relaxation is only limited DL/UL slot alternating case. So the benefit is very limited. On the other hand, moving ULSB to front will make it subject to mix interference. This is undesirable. Therefore, we have the following observations and proposal:
Observation 1: having ULSB in the middle of the slot is only beneficial to timeline for DL UL alternating configuration 
Observation 2: Having ULSB in the middle of the slot does not reduce LBT overhead in unlicensed deployment.
Observation 3: ULSB in the middle of the slot is subject to mixed interference in dynamic TDD scenario.
Proposal 2: UL short burst carrying UCI should be the last symbol of the UL centric slot in present.
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