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1. Introduction

In NR (New RAT) system design [1], UCI transmission on UL control channel would be important to support the features required for NR such as low latency and efficient scheduling. In this contribution, we discuss some consideration points on the design of UL control channel for NR, in terms of resource dimensioning, signal structure, and UCI signaling. 

2. Discussion

According to the agreements from RAN1#85 meeting, DL transmission region, guard period, and UL transmission region can be contained in a single time interval. Figure 1 shows two possible frame structures for NR where DL transmission region can be comprised of DL control (DCI) and data part, and UL transmission region can consist of UL control (UCI) and data part. 
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Figure 1: Examples of possible frame structure for NR
2.1   Multiplexing structure for UL control channel
The above frame structure implies TDM between UL data channel and UL control channel, and this can support flexible UL/DL configuration for dynamic TDD operation and fast UCI (e.g. HARQ-ACK) feedback for latency reduction (e.g. URLLC). Besides, it would be necessary to consider the introduction of analog (or hybrid) beamforming-based operation [2], especially for high frequency band (e.g. above 6 GHz). With an analog beamforming, eNB TX/RX beam sweeping (e.g. TDM between different eNB TX/RX beam) may be required to be done even for the transmission of DL/UL control and data channels, in order to serve the UEs located in different area (or beam direction). For this reason, TDM could be considered as a baseline for multiplexing UL data channel and UL control channel in NR.
Even under the TDM structure, use of multiple symbols may be required for a single UL control channel of particular UE in order to support sufficient UL coverage. In this case, the number of symbols assigned for the UL control channel could be different between UEs since each UE’s coverage requirement could be different. In this sense, it may be necessary to consider the multiplexing between UL control channels consisting of different number of symbols.
On the other hand, if DL and UL transmission regions are contained in a single time interval, UL control channel would be limited to a few symbols. Then, the coverage issue may occur due to the limited number of symbols used for UL control channel transmission. For this reason, FDM (which is depicted in Figure 2) may also need to be considered for multiplexing between UL data channel and UL control channel to support sufficient coverage. With FDM, the energy of UL control channel can be accumulated proportional to the number of allocated symbols to cope with the coverage issue. It would also be beneficial in terms of DMRS density and interference coordination in frequency domain. Furthermore, large power transient between UL data channel to UL control channel [3] can be avoided by using FDM.
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Figure 2: Example of UL channel multiplexing for NR

TDM and FDM structure can be configurable according to, for example, the UE coverage or service type. For example, both TDM and FDM structures can coexist within a subframe, or only one of them can exist in a subframe. The configuration of TDM and/or FDM structure can be decided by the eNB according to the network condition (e.g., amount of UEs requiring low latency or amount of UEs in poor coverage).
Proposal #1: Consider both TDM and FDM as multiplexing structure between UL control channel and UL data channel for NR, with the consideration of latency reduction as well as coverage enhancement.
Proposal #2: Consider multi-symbol UL control channel structure for NR coverage enhancement in case that TDM multiplexing is applied between UL data and UL control channels.
2.2   Resource and signal composition for UL control channel
Assuming that TDM structure of UL control channel with a single symbol is used, localized and distributed structures can be considered for the composition of a single UL control channel resource as described in Figure 3. First of all, localized structure would be beneficial for supporting large coverage with the help of low PAPR while it may not sufficiently obtain frequency diversity gain. On the other hand, distributed structure would be suitable to achieve frequency diversity gain while PAPR may be able to increase. For these reasons, both types of resource structure may need to be considered for a single UL control channel transmission.
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Figure 3: Examples of resource structure for UL control channel
In the aspect of signal composition for the UL control channel, at least two kinds of sequence can be considered for NR: 1) Zadoff-Chu (ZC) sequence used for DMRS in current LTE UL, and 2) Pseudo-Random (PR) sequence used for CRS in current LTE DL. With ZC sequence, for example, a single UL control channel consists of multiple ZC sequences in a same symbol, and both ZC sequence conveying UCI and ZC sequence used for DMRS are transmitted in a same symbol. As another example, considering PAPR, a single UL control channel can consist of only one ZC sequence conveying UCI with associated DMRS, and multiple different ZC sequences are allocated to express each bit or state (e.g. ACK or NACK) of UCI. With PR sequence, similarly with DL control channel structure in current LTE (e.g. PDCCH, PHICH), a single UL control channel can consist of multiple REGs each of which is composed of consecutive REs in a same symbol. One REG is composed of both UCI REs and DMRS REs, and component REGs for one UL control channel can be either localized or distributed. 
Furthermore, considering different types of UCI (e.g. HARQ-ACK, CSI, SR) with different payload size, multiple UL control channel formats supporting different maximum UCI payload size may need to be considered for NR. In addition, considering different performance requirement for different UCI type, UCI/DMRS RE composition and resource multiplexing capacity might also be different according to UCI type. For these reasons, the ratio of UCI REs and DMRS REs consisting of one UL control channel resource could be different between different UL control channel formats.
Proposal #3: Consider both localized and distributed structure for the composition of a single UL control channel resource for NR.
Proposal #4: Consider Zadoff-Chu sequence as well as Pseudo-Random sequence for UCI/DMRS signal composition of the UL control channel for NR. 

2.3   UCI signalling and resource allocation
Regarding forward compatibility and flexible UL/DL configuration for dynamic TDD operation in NR, periodic UL/DL transmission needs to be minimized. In this sense, it would be necessary to minimize periodic UCI transmission such as CSI feedback or SR signalling. The periodic CSI or SR transmission can reduce the DCI overhead, but impose a restriction on the dynamic TDD operation. Therefore, the aperiodic UCI transmission triggered by eNB could be considered as baseline at least for TDD situations. 
In addition, regarding UL control channel resource allocation for HARQ-ACK feedback transmission, explicit resource indication by DL grant DCI or implicit resource determination based on the linkage with DL control channel resource can be considered. With explicit indication, HARQ-ACK resource selection could be flexible from eNB perspective while DCI overhead used for the indication is required. In case of implicit determination, on the other hand, no DCI overhead is required for resource allocation while HARQ-ACK resource selection might be inflexible due to linkage with DL control channel resource.
Proposal #5: Consider aperiodic transmission as baseline for UCI feedback and investigate resource allocation for HARQ-ACK feedback. 
2.4   UCI piggyback on UL data channel 
As mention above, it may be required to consider analog (or hybrid) beamforming-based operation and large power transient between UL data and control channel under NR system environments. In other words, it would be beneficial to differentiate eNB RX-beam direction between UL data channel and UL control channel with TDM for flexible scheduling, and it would be better to avoid potential performance loss due to large power transient between UL data and control channels as much as possible. In this sense, it may be necessary to consider UCI piggyback on UL data channel even in the case when TDM is used for multiplexing between UL data and control channels. In this case, some related aspects such as detailed mapping of UCI RE into UL data resource and supportable minimum UCI feedback timing of UE may need to be further studied.
Proposal #6: Consider UCI piggyback on UL data channel in case of TDM between UL channels, with the consideration of scheduling flexibility and reliable performance. 
3. Conclusion
In this contribution, we discussed some consideration points on the design of UL control channel for NR, and the followings are proposed: 

Proposal #1: Consider both TDM and FDM as multiplexing structure between UL control channel and UL data channel for NR, with the consideration of latency reduction as well as coverage enhancement.

Proposal #2: Consider multi-symbol UL control channel structure for NR coverage enhancement in case that TDM multiplexing is applied between UL data and UL control channels.
Proposal #3: Consider both localized and distributed structure for the composition of a single UL control channel resource for NR.

Proposal #4: Consider Zadoff-Chu sequence as well as Pseudo-Random sequence for UCI/DMRS signal composition of the UL control channel for NR.
Proposal #5: Consider aperiodic transmission as baseline for UCI feedback and investigate resource allocation for HARQ-ACK feedback. 

Proposal #6: Consider UCI piggyback on UL data channel in case of TDM between UL channels, with the consideration of scheduling flexibility and reliable performance. 
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