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1. Introduction

In RAN1 #88bis meeting [1], following agreements were made for UL control channel in NR.
	Agreements:

· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

Agreements:

· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)


In this contribution, we discuss and provide our views on the design of short duration UL control channel (denoted as “NR-PUCCH” hereafter) composed of 2 symbols.
2. Discussion
2.1. 2-symbol NR-PUCCH structure
In RAN1 #88bis meeting, it was agreed for UE to transmit two short NR-PUCCHs in a same slot with TDM manner. For example, a UE can transmit one 1-symbol NR-PUCCH carrying HARQ-ACK in symbol index n and another 1-symbol NR-PUCCH carrying CSI in symbol index n+1 within a same slot. Therefore, UE is already able to transmit different UCIs in different symbols by using separate PUCCH, and it could achieve almost same purpose as Option 2 for 2-symbol NR-PUCCH intends. One possible merit of the Option 2 would be RS overhead reduction. For example, UE can transmit 2-symbol NR-PUCCH where different UCIs are transmitted in different symbols with or without RS (e.g., Option 3 in the previous agreement in RAN1 #88 meeting [2]). However, this 2-symbol NR-PUCCH structure may complicate multiplexing between 2-symbol NR-PUCCHs or between 2-symbol NR-PUCCH and 1-symbol NR-PUCCH. It would be undesirable and hence we prefer down-select Option 1. For Option 1, it should be noted that detailed parameters for each of two 1-symbol NR-PUCCHs composing 2-symbol NR-PUCCH can be different. As an example, the two 1-symbol NR-PUCCHs can have different frequency location for PUCCH DM-RS for better channel estimation. Furthermore, if frequency hopping is not applied to 2-symbol NR-PUCCH, support of time domain OCC can also considered for multiplexing of more UEs.
Proposal #1: For 2-symbol NR-PUCCH, Option 1 is down-selected.
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

2.2. Frequency/transmit diversity
As shown in our companion contribution [3], frequency hopping can highly increase performance of 2-symbol NR-PUCCH in terms of ACK-to-NACK and NACK-to-ACK error probability. If 2-symbol NR-PUCCH is composed with two 1-symbol NR-PUCCHs (the above Option 1), frequency hopping can be applied to 2-symbol NR-PUCCH without any impact on detailed NR-PUCCH structure. Therefore, it seems to be natural to apply frequency hopping to 2-symbol NR-PUCCH. On the other hand, when distributed resource mapping is applied to each of 1-symbol NR-PUCCHs composing 2-symbol NR-PUCCH, frequency hopping may not be needed. Therefore, both frequency hopping and distributed resource mapping can be considered for frequency diversity of 2-symbol NR-PUCCH, and one of those can be configured for a 2-symbol NR-PUCCH transmission.
Proposal #2: For 2-symbol NR-PUCCH, the followings are supported for frequency diversity:
· Option 1: Frequency hopping

· Option 2: Distributed resource mapping (per symbol)
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Figure 1: Example of frequency diversity scheme for 2-symbol PUCCH
In addition, application of transmit diversity scheme can also be considered for 2-symbol NR-PUCCH transmission. Regarding 2-symbol NR-PUCCH composed of two 1-symbol NR-PUCCHs, the following two alternatives can be considered as TxD schemes for 2-symbol NR-PUCCH.
· Option 1: Apply TxD scheme for 1-symbol NR-PUCCH per symbol
· Option 2: Apply STBC scheme over two symbols
As described in [4], candidate TxD schemes for 1-symbol NR-PUCCH are SFBC, precoder cycling, small delay CDD and SORTD. It should be noted that STBC has limitation that it can be only applicable for 2-symbol NR-PUCCH without frequency hopping and/or without time domain OCC for RE paring over two symbols. On the other hand, frequency hopping or time-domain OCC can be still applicable with Option 1 (i.e., TxD scheme per symbol).
Proposal #3: For 2-symbol NR-PUCCH, the followings can be considered for transmit diversity:
· Option 1: Apply TxD scheme for 1-symbol NR-PUCCH per symbol

· Option 2: Apply STBC scheme over two symbols
2.3. NR-PUCCH multiplexing
In general, UL control region for NR-PUCCH at network side can be configured with whole or part of system bandwidth in the frequency domain and 1 or 2 symbols in the time domain. Each NR-PUCCH can be transmitted within the network side UL control region and the amount of resource used for the NR-PUCCH can be different depending on UCI payload size and/or UE’s coverage situation. Furthermore, multiple UL control channels with same or different amount of resource can be multiplexed in FDM/TDM/CDM manner. For instance, 2-symbol NR-PUCCH and 1-symbol NR-PUCCH can be multiplexed in FDM manner, and multiple 1-symbol NR-PUCCHs can be multiplexed in TDM manner.

Proposal #4: Consider multiplexing between NR-PUCCH resources having different duration (with different number of symbols).
3. Conclusion
In this contribution, we discussed the design of short duration NR-PUCCH composed of 2 symbol(s). The proposals of this contribution are summarized as follows.
Proposal #1: For 2-symbol NR-PUCCH, Option 1 is down-selected.
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

Proposal #2: For 2-symbol NR-PUCCH, the followings are supported for frequency diversity:
· Option 1: Frequency hopping

· Option 2: Distributed resource mapping (per symbol)
Proposal #3: For 2-symbol NR-PUCCH, the followings can be considered for transmit diversity:
· Option 1: Apply TxD scheme for 1-symbol NR-PUCCH per symbol

· Option 2: Apply STBC scheme over two symbols
Proposal #4: Consider multiplexing between NR-PUCCH resources having different duration (with different number of symbols).
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