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1. Introduction

In RAN1#86bis meeting [1], following agreements were made for NR UL control channel.
	Agreements:
· 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


According to above agreements, NR supports at least two types of UL control channels; one is to be transmitted in short duration and TDMed and/or FDMed with UL data channel and the other is to be transmitted in long duration and FDMed with UL data channel. In this contribution, we discuss the design of short duration UL control channel, especially for UL control channel composed of more than one symbol.
2. Discussion
UL control channel consisting of more than one symbol but not spanning most of a slot or slots can be necessary due to following reasons.
· One symbol may not guarantee the reliable transmission of UCI (uplink control information) for cell edge or moderate coverage UE.
· One-symbol UL control channel can be insufficient for large size UCI transmission (especially for bandwidth limited UE).

· Considering flexible DL/UL configuration, a few symbols can be allocated to UL region within a slot.
Therefore, in this section, we provide some design alternatives for multi-symbol UL control channel and compare them in various aspects.

2.1. Design alternatives
Basically, following two alternatives can be considered for multi-symbol UL control channel design as shown in Fig. 1.
· Alt. 1: Repetition of one-symbol UL control channel structure over multiple symbols

· Alt. 2: TDM between RS (reference signal) and UCI

One-symbol UL control channel for Alt. 1 can be based on FDMed RS/UCI structure described in [2]. Zadoff-Chu sequence or pseudo-random sequence could be applicable to RS for both options. However, especially for Alt. 2, Zadoff-Chu sequence would be better to reduce PAPR. For UCI part, transmission scheme can be different depending on the size of UCI. For instance, for 1-bit HARQ-ACK, BPSK modulated symbol multiplied with sequence (e.g., Zadoff-Chu sequence) can be transmitted for UCI part. For another instance, for large payload HARQ-ACK or CSI, coded bits can be transmitted with OFDM or DFTS-OFDM. Besides, in order to achieve more frequency diversity gain, frequency hopping of the UL control resource over symbols can be considered further while potential performance loss due to power transient period should be investigated.
Alt. 1 has the advantage of being able to be multiplexed with one-symbol UL control channel while Alt. 2 would be beneficial with respect to PAPR reduction.
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Figure 1. Examples of design alternatives: (a) Alt. 1 and (b) Alt. 2

If we consider UL control channel during more than two symbols, the design principle of Alt. 1 can be simply extended over more than two symbols. However, for Alt. 2, there can be following two options depending on the location of RS as shown in Fig. 2.
· Alt. 2-1: RS is located in the first symbol.
· Alt. 2-2: RS is located in the fixed symbol (e.g., second last symbol within a slot).

Compared with Alt. 2-1, Alt. 2-2 can be advantageous in terms of multiplexing with UL control channel having different symbol length. For instance, UL control channel shown in Fig. 2(b) can be multiplexed with the UL control channel shown in Fig. 1(b) since the location of RS is common for both cases.
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Figure 2. Examples of design alternatives: (a) Alt. 2-1 and (b) Alt. 2-2

Proposal 1: Following design alternatives are to be considered for multi-symbol UL control channel.
· Alt. 1: Repetition of one-symbol UL control channel structure over multiple symbols

· Alt. 2: TDM between RS and UCI

· Alt. 2-1: RS is located in the first symbol.

· Alt. 2-2: RS is located in the fixed symbol (e.g., second last symbol within a slot).

2.2. UL control channel location
According to the agreement stated in Section 1, there is a FFS part related to the position of UL control channel transmitted in short duration. Short duration UL control channel around last transmitted symbols in a slot was already agreed and it seems necessary to support UL control channel transmission within a DL dominant slot and support K1=0 (i.e., K1 is defined as the timing gap between DL data reception and corresponding acknowledgement). In addition, we can consider short duration UL control channel around first transmitted UL symbols in a slot to reduce HARQ round trip time for the UE not supporting K1=0.
Proposal 2: Consider short duration UL control channel around first transmitted UL symbols in a slot.

2.3. UL control channel multiplexing
In general, UL control region at network side can be configured with whole or part of system bandwidth in the frequency domain and one or multiple symbols in the time domain. Each UL control channel can be transmitted within the network side UL control region and the amount of resource used for the UL control channel can be different depending on UCI payload size and/or UE’s coverage situation. Furthermore, multiple UL control channels configured with same or different amount of resource can be multiplexed in FDM/TDM/CDM manner. For instance, multi-symbol UL control channel and one-symbol UL control channel can be multiplexed in FDM manner, and multiple one-symbol UL control channels can be multiplexed in TDM manner.
Proposal 3: Consider multiplexing between UL control channels having different duration (with different number of symbols) within UL control region.
3. Conclusion
In this contribution, we discussed the design of short duration UL control channel, especially for UL control channel composed of more than one symbol. The proposals of this contribution are summarized as follows.
Proposal 1: Following design alternatives are to be considered for multi-symbol UL control channel.

· Alt. 1: Repetition of one-symbol UL control channel structure over multiple symbols

· Alt. 2: TDM between RS and UCI

· Alt. 2-1: RS is located in the first symbol.

· Alt. 2-2: RS is located in the fixed symbol (e.g., second last symbol within a slot).

Proposal 2: Consider short duration UL control channel around first transmitted UL symbols in a slot.

Proposal 3: Consider multiplexing between UL control channels having different duration (with different number of symbols) within UL control region.
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