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1. Introduction

In RAN1 #88 meeting [1], following agreements were made for NR UL control channel.
	Agreements:
· For a given UCI payload, short-PUCCH is designed such that:

· UE multiplexing capacity can be less than that of long-PUCCH

· Performance including at least the following:

· Frequency-diversity

· Interference-diversity

· PAPR/CM and emission

· RS overhead

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with short-PUCCH 

· For a given UCI payload, long-PUCCH is designed such that:

· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH

· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)

· Frequency-diversity gain should be same/similar to LTE PUCCH

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits

· Strive for scalable design with long-PUCCH with respect to the number of symbols

Agreements:
· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.

· Option 2: RS and UCI are multiplexed by TDM manner.

· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS

· Option 4: Sequence based design without RS only for small payload size case
· Option 5: Sequence based design with RS only for small payload size case
· Option 6: Pre-DFT multiplexing in one or both symbol(s)
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting
Agreements:
· For 1-symbol PUCCH, consider following options
· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.

· Already agreed.

· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Information is delivered by which sequence/code is transmitted
· Sequence is mapped over contiguous or non-contiguous REs

· UCI sequence can be CDMed with DMRS sequence of other UEs

· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Information is delivered by which/what sequence/code is transmitted
· RS and UCI are multiplexed by CDM manner

· Option 6: Pre-DFT multiplexing of RS and UCI

· Consider for both small and large UCI payload size cases

· Possibility 1: {CP + Pilot} + {CP + Data} to avoid MPI b/w pilot and data

· Possibility 2: CP + {Pilot + Data} as current DFT-s-OFDM

· Other possibilities are not precluded
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting


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 1 or 2 symbol(s).
2. Discussion
2.1. 1-symbol NR-PUCCH design
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
Based on the above agreements from RAN1 #88, the following options can be considered for 1-symcol NR-PUCCH design.

· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.
· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Option 6: Pre-DFT multiplexing of RS and UCI

Since Option 4 and 5 can be used only for small payload size, comparison of the above options for small payload size case (e.g., 1~2 bits) can be firstly discussed. 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.
[image: image1.emf] 

UCI  (1~2  bits)

CS

RS

UCI

w0 w1 w2 w3 w4 w5

CS CS CS CS CS

BPSK or QPSK modulation


[image: image2.emf] 

UCI  (1~2  bits)

CS

UCI

w0 w2 w4 w6 w8 w10

CS CS CS CS CS

Cyclic shift selection

CS

w1

CS

w3

CS

w5

CS

w7

CS

w9

CS

w11


Figure 1: Example of 1-symbol NR-PUCCH – Option 1 and Option 4 (small payload size)
As shown in our companion contribution [3], Option 1 has similar ACK-to-NACK performance with Option 4 when UCI payload size is 1 or 2 bit(s). In terms of UE multiplexing capacity, considering the example in Figure 1, Option 1 can support up to 6 UEs as multiplexing capacity since NR-PUCCH resource allocated for a UE uses 1 CS (cyclic shift) value regardless of UCI payload size. On the other hand, Option 4 can support up to 6/3 UEs when UCI payload size is 1/2 bit(s) since NR-PUCCH resource allocated for a UE can use 2 or 4 CS values according to UCI payload size. Moreover, for Option 4, it might be difficult to distinguish a specific UE’s PUCCH sequence especially when multiple sequences from multiple UEs are transmitted though multi-path delay channel. Therefore, Option 4 would be mainly beneficial in terms of PAPR (i.e., low PAPR) compared to Option 1, and thus, it can be used on top of Option 1 when low PAPR based transmission is necessary. For Option 5 and 6, it seems to be difficult to find its own merits compared to Option 4 for small payload size case.
Proposal #2: For small (1~2 bit) payload size case, it can be considered to support the following options as 1-symbol NR-PUCCH structure.
· Option 1: RS and UCI of one UE are multiplexed by FDM manner
· Option 4: Sequence based design without RS 
For large payload size, Option 1 and Option 6 can be compared. Compared to Option 1, Option 6 can be used when low PAPR based transmission is necessary for large (e.g. more than 2 bits) payload size. However, Option 6 could have demerits in the aspects of increase of CP overhead (in case of CP + {CP + Pilot} + {CP + Data}) in addition to the conventional CP for entire OFDM symbol, or increase of complexity at receiver side (in case of CP + {Pilot + Data}). To reduce the CP overhead in the former case, as depicted in Figure 2, it can be considered to copy the rear part of RS (RS-B in the figure) to the end of OFDM symbol. Then, RS-B is also copied as the CP for entire OFDM symbol, and consequently, RS-B can be used for the CP for RS as well as the CP for entire OFDM symbol. For {Data + RS-B} part in Figure 2, the rear part of preceding RS, i.e., RB-B can be used as the CP for the {Data + RS-B} part. Receiver can perform channel estimation using RS part, and then perform channel equalization for the {Data + RS-B} part in frequency domain to separate Data and RS-B.
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Figure 2: Example of 1-symbol NR-PUCCH – Option 6
In addition, to reduce receiver complexity in the latter case, it can be considered to repeat {RS + Data} structure in time domain, and to apply different phase shifts between RS and Data. As a result, RS and Data can be separated to different interlaces in frequency domain.

Proposal #3: For large (more than 2 bits) payload size case, it can be considered to support the following options as 1-symbol NR-PUCCH structure.

· Option 1: RS and UCI of one UE are multiplexed by FDM manner
· Option 6: Pre-DFT multiplexing of RS and UCI
For 1-symbol NR-PUCCH, basic UL control resource unit can be set as one or multiple PRB(s) which corresponds to Resource Element Group (REG). One REG can be composed of consecutive REs, and one UL Control Channel Element (CCE) can consist of multiple REGs, and one UL control channel can be configured with one or multiple CCE(s). Based on the above, Uplink Control Information (UCI) can be mapped to multiple REGs, and the coded UCI bits mapped to each REG can be the same or different among the multiple REGs according to payload size of the UCI. In addition to the UCI size, UCI mapping type to multiple REGs in the above can also be selected according to UCI type (e.g. HARQ-ACK or CSI or SR), performance requirement for the UCI type, and UE multiplexing capacity. For example, if the UCI payload size is small, same coded bits can be repeatedly mapped to multiple REGs in order to construct a UL CCE. If the UCI payload size is large, different coded bits can be mapped across multiple REGs in order to construct a UL CCE. Moreover, the ratio of UCI REs and RS REs (per REG or CCE) can be differently configured according to the above aspects, e.g. UCI payload size, UCI type, performance requirement, and multiplexing capacity.
Proposal #4: Basic UL control resource unit can be defined for design of 1-symbol NR-PUCCH: (1) one REG can be composed of consecutive REs, (2) multiple REGs can consist of one CCE, (3) one UL control channel can be configured with one or multiple CCE(s).
Proposal #5: UCI can be mapped to multiple REGs belonging to one CCE, and the coded UCI bits mapped to each REG can be the same or different according to the UCI payload size, UCI type, performance requirement of the UCI type, and UE multiplexing capacity.
2.2. 2-symbol NR-PUCCH design
Basically, the following two alternatives can be considered for 2-symbol NR-PUCCH design as shown in Figure 3.

· Alt. 1: Repetition of 1-symbol NR-PUCCH structure over multiple symbols

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

The 1-symbol NR-PUCCH for Alt. 1 can be based on FDMed RS/UCI structure as discussed above. 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 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. Note that Alt. 1 has the advantage of being able to be multiplexed with 1-symbol NR-PUCCH while Alt. 2 would be beneficial with respect to PAPR reduction and could be multiplexed with long NR-PUCCH based on the same RS/UCI TDM structure.

Proposal #6: Following design alternatives are to be considered for 2-symbol NR-PUCCH.

· Alt. 1: Repetition of 1-symbol NR-PUCCH structure over 2 symbols

· Alt. 2: TDM between RS and UCI
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Figure 3: Examples of 2-symbol NR-PUCCH design: (a) Alt. 1 and (b) Alt. 2

2.3. Frequency resource mapping

For short duration NR-PUCCH, both localized and distributed resource (i.e., REG) mapping can be considered for the transmission of UL CCE as described in Figure 4. First of all, localized resource mapping would be beneficial for supporting large coverage by ensuring low PAPR while it may not sufficiently obtain frequency diversity gain. On the other hand, distributed resource mapping would be suitable to achieve frequency diversity gain while PAPR may be increased.
Proposal #7: Consider both localized and distributed resource (i.e., REG) mapping for the composition of short duration NR-PUCCH.
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Figure 4: Examples of frequency resource mapping for short duration NR-PUCCH
2.4. Front-loaded NR-PUCCH
According to the agreement stated in Section 1, there is a FFS part related to the position of NR-PUCCH transmitted in short duration. 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 #8: Consider short duration NR-PUCCH around first transmitted UL symbols in a slot.

2.5. 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 #9: 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 1 or 2 symbol(s). 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 small (1~2 bit) payload size case, it can be considered to support the following options as 1-symbol NR-PUCCH structure.

· Option 1: RS and UCI of one UE are multiplexed by FDM manner
· Option 4: Sequence based design without RS
Proposal #3: For large (more than 2 bits) payload size case, it can be considered to support the following options as 1-symbol NR-PUCCH structure.

· Option 1: RS and UCI of one UE are multiplexed by FDM manner
· Option 6: Pre-DFT multiplexing of RS and UCI
Proposal #4: Basic UL control resource unit can be defined for design of 1-symbol NR-PUCCH: (1) one REG can be composed of consecutive REs, (2) multiple REGs can consist of one CCE, (3) one UL control channel can be configured with one or multiple CCE(s).
Proposal #5: UCI can be mapped to multiple REGs belonging to one CCE, and the coded UCI bits mapped to each REG can be the same or different according to the UCI payload size, UCI type, performance requirement of the UCI type, and UE multiplexing capacity.
Proposal #6: Following design alternatives are to be considered for 2-symbol NR-PUCCH.

· Alt. 1: Repetition of 1-symbol NR-PUCCH structure over 2 symbols

· Alt. 2: TDM between RS and UCI

Proposal #7: Consider both localized and distributed resource (i.e., REG) mapping for the composition of short duration NR-PUCCH.

Proposal #8: Consider short duration NR-PUCCH around first transmitted UL symbols in a slot.

Proposal #9: Consider multiplexing between NR-PUCCH resources having different duration (with different number of symbols).
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