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1 Introduction
At the RAN1 #86b meeting, it was agreed that [1]
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 discuss putting UL control at the start of a UL part.
2 UL control channel timing
When designing UL control channel location, the following timing relationship can be considered:

1) Timing relationship between measurement, measurement report and data transmission 

2) Timing relationship between data reception, HARQ ACK and retransmission  
3) Timing relationship between scheduling request and scheduling
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 1 (Figure 1 (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 1 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 1 (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 1 (b) is less than in Figure 1 (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 2 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 2 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. 
Proposal 1: NR should support to place UL control at the start of a UL part in a slot.    

3 Conclusion 

In this contribution, we presented our views on UL control channel at the start of a UL part. Based on the discussion we make the following proposal:
Proposal 1: NR should support to place UL control at the start of a UL part in a slot.    
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