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1 Introduction
In RAN1#86b meeting, UL control channel with short duration was agreed as follows:

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
In addition to the above configuration, we discuss to support placing short UL control channel early in a slot, and also at both early and last symbols in a slot.
2 UL control early in a slot
In the last RAN1#87 meeting, there was much discussion on supporting placing NR UL control channel with short duration early in a slot. Following several benefits were identified during the offline discussions [8] and discussed in the contributions from multiple companies [2~7]: 
· UL HARQ-ACK and sounding in slot n can be used for DL data scheduling in slot (n+1) or possibly slot n
· UL HARQ-ACK for DL data received in DL slot n can be transmitted in slot (n+1), which
· gives the UE more processing time than HARQ-ACK transmission in slot n
· also gives more gNB processing as retransmissions can occur in slot (n+2)
· No need for additional LBT prior to UL HARQ-ACK transmission in unlicensed spectrum
· Allows time for DL data bandwidth adaptation after receiving DL control channel

· Supports UL SRS and HARQ-ACK in the same slot by using both early and last symbol for UL

· Adaptive interference management in dynamic TDD via prompt CSI feedback for the scheduled slot
· Supports calculation of transmission vectors for massive MIMO exploiting channel reciprocity.
Placing UL control at the last symbol can be useful to very high capability UEs which can support self-contained operation of DL data reception and corresponding UL HARQ-ACK feedback within the same slot. However, unless for the self-contained operation, the last symbol location is neither necessary nor relatively beneficial. Rather, placing it early in a slot gives UEs more time to process and transmit UL HARQ-ACK for DL data received in the previous slot, along with the benefits listed above. In these regards, placing UL control early in a slot can be favored over placing at the last symbol.
Figure 1 illustrates example configurations of placement for UL control channels, (a) at last symbol, (b) at early symbol before DL/UL data and (c) at both/either early and last symbol. PUCCH in the figures include other UL signals as well, e.g., SRS. Which configuration to apply can be signalled in a semi-static and UE specific manner, and different configurations can be applied among the UEs depending on each UE’s target service, processing capability, etc. In view of the whole resource configuration in the network, some slots may have short UL control at the last symbols and some other slots can have short UL control before DL/UL data. Also, the configuration can be cell specific depending on network deployment scenarios and services aimed by the network. 
In addition, a slot can have short UL control at both early and last symbols as shown in Figure 1(c). In this case, gNB can separately configure SRS, CSI, HARQ-ACK and any other UCI in the two locations if desired.
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(a) at last symbol
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(b) at early symbol before DL/UL data
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(c) at both/either early and last symbol

Figure 1: Configuration examples of short UL control channels.

UL control channel structure and channel coding can be developed such that the same design can be employed in all of the cases illustrated in Figure 1. It should be noted that the same GP overhead is incurred whether short UL control channel is placed at either early symbol or the last symbol. The configuration of having UL control at both early symbol and the last symbol, as shown in Figure 1(c), can need one more GP in cases that DL data is transmitted between the early and last UL control channel symbols.
Proposal 1

· To support placing short UL control channel and/or signals at an early symbol in a slot.
· To support having short UL control channel and/or signals at both early and last symbols in a slot.
Proposal 2
· Configuration for short UL control location can be signalled in a semi-static and UE specific manner.
In the subsequent section, we discuss detailed operations and benefits of having short UL control at an early symbol for interference management in dynamic TDD systems.
3 UL control for dynamic TDD
In dynamic TDD, intercell interference measurement and data scheduling based on the measurement can improve the network performance significantly as presented in our companion contributions [9]. UL control channel for the measurement reporting should be designed so as to serve the operation. In doing so, measurement and measurement reporting need to reflect the channel and interference condition that is going to be experienced by the corresponding data transmission. Especially in the case of dynamic TDD, the interference condition can significantly change from slot to slot and there could be BS-BS and UE-UE interference, timely and proper interference measurement and report are needed for scheduling the subsequent data transmission. For same-slot scheduling and data transmission, it is beneficial that the measurement and measurement report are done within the slot prior to the data transmission. This results in subframe structures such as the one proposed in our companion contribution [2] (Figures 1 and 2), where a DL control and measurement channel (DLCMC) and a UL control and measurement channel (ULCMC) are transmitted before traffic data transmission in each slot for measurement and measurement reporting and scheduling. The DLCMC and ULCMC in the front of a slot also allows for opportunistic spectrum access (e.g., opportunistic spectrum access by small cells as secondary cell with macro cells being primary cell) as illustrated in [2] Figure 10, where the DLCMC and ULCMC transmitted in the front of a primary cell’s slot can be used by secondary cells to measure the primary cell’s usage on some resource blocks so as to choose whether to use the resource blocks or not in the primary cell slot. 
When serving latency-sensitive traffic, it is preferable (feasibility depends on UE capability) to have scheduling, measurement, measurement report, data transmission and HARQ ACK in the same slot, which requires UL measurement and control before and after traffic data transmission. When serving traffic with relaxed latency requirements, cross-slot scheduling, measurement, measurement report, and HARQ ACK can be applied. Measurement, measurement reporting and HARQ ACK can be either at the front or at the end of a slot, as illustrated in Figure 2 (Figure 2 (b) is explained in more details in our companion paper [2] Fig. 8), where 
1) DLCC1 is used for resource scheduling for the subsequent slot

2) DLCC2 is used to indicate MCS index for the subsequent data transmission (it may also contain other control information such as NDI, HARQ process index, RV, etc.)
3) DLCMC and ULCMC in each slot are used for interference measurement and measurement reporting for the subsequent slot. 
4) ULCC is used for HARQ ACK and other UL control information such as CSI, SR. 
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(a) Measurement, measurement report and HARQ ACK at the end of a slot

(b) Measurement, measurement report and HARQ ACK at the front of a slot
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Figure 2: Examples on cross-slot scheduling, measurement, measurement report, and HARQ ACK with ULCMC/DLCMC/ULCC at the end and at the front of a slot 
Comparing Figure 2 (a) and (b), putting measurement, measurement report and HARQ ACK at the front of a slot allows  a slight more efficient usage of the resources: consider slot #(n+1), the control and measurement overhead in Figure 2 (b) is less than in Figure 2 (a). However, for both cases, in order to ensure accurate interference measurement, the cells need to coordinate so that the DL and UL measurement and control channels for data transmission in slot#n can be transmitted at the same time instance in slot#(n-k). This impose constraints on each cell when choosing its cross-slot scheduling interval. For example, if cell#n needs to do same-slot scheduling and transmission, the interference measurement it would obtain can be inaccurate if the neighboring cells are doing cross-slot scheduling, measurement, measurement reporting and data transmission. It is therefore desirable to make measurement, measurement reporting and data transmission within the same slot. The resource scheduling and HARQ ACK do not have such limitation and therefore can be cross-slot. Figure 3 shows one example of having cross-slot resource scheduling and HARQ ACK and same-slot measurement and measurement reporting. To enable same-slot measurement and reporting, the UL control channel need to be at the start of a UL part in a slot. 
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Figure 3 Examples on cross-slot scheduling and HARQ ACK and same-slot measurement and report
Moreover, as discussed in [3], putting UL control channel at the start of a UL part in a slot is beneficial to reducing the latency from CSI or SR feedback to the DL or UL data scheduling by the gNB. Similarly, in FDD operations on a paired spectrum, placing UL control resources at the beginning of a slot on uplink can be considered in order to reduce the latency. 

4 Conclusion 

This contribution has discussed support of short UL control and signal (e.g., SRS) early in a slot. As presented in the contribution, placing short UL control and signal early in a slot provides several benefits compared to placing it at the last symbol. The same design for the channel structure and channel coding can be applied in either configuration. Based on the discussions, the followings are proposed:
Proposal 1

· To support placing short UL control channel and/or signals at an early symbol in a slot.

· To support having short UL control channel and/or signals at both early and last symbols in a slot.

Proposal 2

· Configuration for short UL control location can be signalled in a semi-static and UE specific manner.
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