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1. Introduction

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

· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR

· FFS following cases:
· If SR only

· If with SR + other UCI;
· This does not imply the necessity of special SR design 

· FFS whether the design may or may not depend on the frequency range


In this contribution, we discuss and provide our views on the design of short duration UL control channel (denoted as “NR-PUCCH” hereafter) when NR-PUCCH has 1-symbol duration and support up to 2 UCI bits.
2. Discussion
2.1. Design targets for 1-symbol NR-PUCCH
Regarding the design of NR-PUCCH, obviously, it would be necessary to consider separate design targets for NR-PUCCH in short duration (denoted as “short NR-PUCCH” hereafter) and NR-PUCCH in long duration (denoted as “long NR-PUCCH” hereafter). Specifically, short UL control symbol duration and compact UL control resource multiplexing could be targeted for short NR-PUCCH with consideration of low latency and flexible DL/UL resource configuration (e.g. more DL data resources with less UL control symbols in DL-centric slot), while sufficient UL coverage by low PAPR transmission could be targeted for long NR-PUCCH. In addition, multiplexing capacity would be also important feature to be considered in the design of the short NR-PUCCH with consideration of UL resource utilization efficiency, for example, CDM based multiplexing between the short NR-PUCCH resources (and the corresponding DM-RS) can be considered.

Considering the 1-symbol NR-PUCCH with FDMed UCI/RS structure agreed in [2], optimum ratio of UCI and RS can be different according to UCI payload size, channel condition, transmission scheme, etc. For example, for NR-PUCCH supporting small UCI payload size, relatively high density of DM-RS can improve channel estimation performance while marginally increasing coding rate due to small UCI payload size. In this regard, it can be considered to support flexible DM-RS density of the 1-symbol NR-PUCCH for efficient resource utilization. For the detailed 1-symbol NR-PUCCH, UCI/RS can be transmitted in the form of coded bits/sequence or sequence/sequence according to payload size of the UCI. For example, same or different sequence is used for both UCI and RS in case of small size UCI while sequence is used for RS and coded UCI bits are mapped to UCI part in case of large size UCI. For the above sequence, Zadoff-Chu or Pseudo-Random sequence can be considered.

Proposal #1: Following design targets should be considered for 1-symbol NR-PUCCH.

· Resource multiplexing capacity
· Flexible RS/UCI ratio adjustment
2.2. 1-symbol NR-PUCCH structure for up to 2 UCI bits
As shown in the above agreements, the following options were considered for 1-symbol NR-PUCCH design when UCI payload size is 1 or 2 bit(s).

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· Option 4: Sequence selection with low PAPR
When Option 1 is used for small payload size, UCI can be encoded as the product of sequence and modulated symbol (e.g., QPSK) similar to PUCCH format 1a/1b in LTE. Figure 1 depicts an example of Option 1 and Option 4 for small payload size where RS/UCI ratio for Option 1 is set to 1:1 and lengths of sequence for Option 1 and Option 4 are set to 6 and 12, respectively.
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Figure 1: Example of 1-symbol NR-PUCCH – Option 1 and Option 4 (small payload size)
Comparing Option 1 and Option 4, both two NR-PUCCH structures have similar performance in terms of ACK-to-NACK error probability for both of 1 bit and 2 bits UCI payload sizes [3] while Option 4 would have better performance in terms of NACK-to-ACK error probability for 2 bits UCI payload size. On the other hand, in the aspect of UE multiplexing capacity, Option 1 and Option 4 have same UE multiplexing capacity for 1 bit UCI payload size while Option 1 has (twice) better UE multiplexing capacity than Option 4 for 2 bits UCI payload size. In addition to this, Option 4 might be able to have slightly lower PAPR compared to Option 1 [4] and it could utilize some remaining sequence resources from long PUCCH or SRS consisting of sequence. To sum up, Option 1 and Option 4 are mainly beneficial in terms of UE multiplexing capacity and error performance, respectively. However, considering that short NR-PUCCH would be mostly transmitted in a few symbols even in DL centric slot, UE multiplexing capacity would be crucial in terms of UL resource utilization efficiency as well as DL data resource reservation. Furthermore, there could be some reserved UL resources, for example, for (periodic) SRS transmission and/or SR transmission even for the UEs without data scheduling. For these reasons, Option 1 is preferred with consideration of UL/DL resource efficiency with better UE multiplexing capacity.
Proposal #2: For 1-symbol NR-PUCCH with 1 or 2 bit(s) UCI payload size, Option 1 is supported.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
2.3. Scheduling request
Similar to scheduling request (SR) transmission in LTE, it can be considered for NR UE to use UL control channel resource for request of UL data scheduling (grant) to the network. Considering that SR may need relatively fast transmission for low latency UL data scheduling, it would be reasonable to use short NR-PUCCH for SR transmission. In addition to this, since SR may require large amount of reserved resources to support all connected UEs in a cell, short NR-PUCCH for SR is required to provide large UE multiplexing capacity. In this sense, it can be considered to use a sequence as NR-PUCCH for 1-state SR (i.e., positive SR) transmission. UE can transmit one sequence configured for SR or not (by ON/OFF keying) according to the SR state (i.e., whether the SR is positive or negative). As the sequence for the SR, CAZAC sequence can be used to achieve low PAPR property.
Proposal #3: For SR-only transmission, sequence-based short NR-PUCCH can be used.

· FFS: SR transmission on long NR-PUCCH
Moreover, it is necessary to consider that short NR-PUCCH for SR (SR-PUCCH) and short NR-PUCCH for other UCI (e.g., HARQ-ACK and/or CSI) (UCI-PUCCH) are configured/scheduled to be transmitted in the same slot. Then, the two short NR-PUCCHs can be multiplexed by TDM manner (i.e., in different symbols) or FDM manner (i.e., in a same symbol). For the former case, SR-PUCCH and UCI-PUCCH can be simultaneously transmitted in the same slot without multiplexing between SR and the UCI. For the latter case, however, it should be carefully considered whether to support simultaneous transmission of SR-PUCCH and UCI-PUCCH in the same symbol since it can cause power limitation problem at UE side. Simply, dropping one of the two short NR-PUCCHs or combining (and transmitting) SR and UCI on one of the two short NR-PUCCHs can be considered in this case.

Proposal #4: It is necessary to consider NR-PUCCH transmission for both SR and other UCI (e.g., HARQ-ACK and/or CSI) in a same slot.

2.4. Front-loaded NR-PUCCH
Short duration NR-PUCCH around last transmitted symbols in a slot was already agreed and it seems necessary to support NR-PUCCH 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). Considering UL control symbol duration (i.e., the number of symbols used for UL control transmission) in a slot would be varied depending on amount of UE with UCI feedback in the slot, it may be required to introduce the dynamic signalling to indicate the PUCCH symbol index allocated for each UE. With this signalling, PUCCH position can be indicated to earlier symbol than the last symbol, which can provide gNB processing time for preparing DL data retransmission.
In addition, we can consider short duration NR-PUCCH location around first transmitted UL symbols in a slot to reduce HARQ round trip time for the UE not supporting K1=0. To be specific, short duration NR-PUCCH can be configured to be transmitted before UL data in a certain slot type (e.g. consisting of {DL control, GP, UL control, UL data} sequentially), and it could be useful for relaxation of HARQ processing time budget in both UE (for HARQ-ACK feedback) and gNB (for preparing retransmission) sides. In this case, DMRS symbol location for PUSCH and multiplexing between PUCCH and PUSCH may need to be considered compared to the case with PUCCH in the last symbol(s) within slot.
Proposal #5: It can be considered to configure short NR-PUCCH resource around first UL symbols in a slot.

3. Conclusion
In this contribution, we discussed the design of 1-symbol NR-PUCCH for up to 2 UCI bits. The proposals of this contribution are summarized as follows.
Proposal #1: Following design targets should be considered for 1-symbol NR-PUCCH.
· Resource multiplexing capacity
· Flexible RS/UCI ratio adjustment
Proposal #2: For 1-symbol NR-PUCCH with 1 or 2 bit(s) UCI payload size, Option 1 is supported.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
Proposal #3: For SR-only transmission, sequence-based short NR-PUCCH can be used.

· FFS: SR transmission on long NR-PUCCH
Proposal #4: It is necessary to consider NR-PUCCH transmission for both SR and other UCI (e.g., HARQ-ACK and/or CSI) in a same slot.

Proposal #5: It can be considered to configure short NR-PUCCH resource around first UL symbols in a slot.
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