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1 Introduction
In 3GPP RAN1#88 [1], the following agreements regarding to structure of PUCCH in short duration were made : 
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
Channel structures of 1-symbol short PUCCH are still under discussion. This contribution compares Option 1 (CP-OFDM based channel structure) and Option 4 (sequence-based channel structure) for 1 or 2 bits UCI.
2 Option 1 and Option 4 for 1 or 2 bits UCI for one-symbol PUCCH
The typical use cases for 1 or 2 bits UCI in LTE are “SR only”, “1 or 2 bits ACK”, and “SR plus 1 or 2 bits ACK (in total 2 or 3 bits information)”. For simplicity, in the beginning evaluation phase of NR, this contribution discusses only “SR only” and “1 or 2 bits ACK”.  Figure 1 shows how Option 1 and Option 4 realize “SR only” transmission and “1 or 2 bits ACK”. 
· Regarding to “SR only”: On-off-keying is applied both for Option 1 and Option 4. In Option 1, repeated ones are transmitted on UCI REs for SR-on. If multiplexing capability is to be introduced for Option 1, CDM has to be additionally applied. In Option 4, each UE is assigned one sequence for SR transmission, and these sequences are mutual orthogonal and have low PAPR. Multiplexing capability and PAPR property are addressed for Option 4. 
· Regarding to “1 or 2 bits ACK”: Option 1 uses repeated BPSK and QPSK on UCI REs for 1 bit and 2 bits ACK, respectively. Option 4 uses the occurrence of sequences to represent information bits. For example, in case of 1 bit ACK, two (mutual orthogonal) sequences are chosen. The occurrence of one sequence represents ACK, and the other NACK. It is also noted that low PAPR sequences can be chosen.

Table 1 presents one possible implementation for Option 4. In this contribution, 2 PRBs are allocated for short PUCCH in case of 1 or 2 bits UCI. These two PRBs may be continuous (adjacent) or discontinuous (separate). Frequency diversity is obtained for discontinuous PRB allocation, although PAPR is a little worse. In Table 1, taking continuous PRB allocation as an example, the generation of root-sequence for Option 4 may follow LTE’s methodology to generate UL reference signal. When sequence length is larger, the sequence is generated based on ZC sequence. However, when sequence length is smaller, the sequences are generated by some searching algorithm so that the chosen sequences have good cross-correlation property and PAPR property. In this contribution, 2 PRBs are assumed and therefore sequence length is 24. LTE’s UL reference signals with sequence length = 24 in Table 5.5.1.2-2 of 36.211 can be used. 
· “SR only” : On-off keying is applied, and it is not necessary to use the sequence’s cyclic shift version (in time domain) to generate mutual orthogonal sequence for the same UE. It is noted that cyclic version can be assigned for other UE to realize CDM. 

·  “1 bit ACK” : Two sequences are required for Option 4, and therefore the root-sequence and its cyclic shift version (for example : {12/24} as 12 samples cyclic shift version) are required.

·  “2 bits ACK” : Four sequences are required for Option 4, and therefore the root-sequence and its cyclic shift version (for example : {6/24, 12/24, 18/24} as 6,12,18 samples cyclic shift version) are required.
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Figure 1. Option 1 and Option 4 for UCI with 1 or 2 bits
Table 1. Sequences adopted for Option 4
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3 Performance Evaluation

Table 2 summarizes the performance comparison between Option 1 and Option 4. Related simulation assumptions are listed in Table 4 of Appendix. Two PRBs are allocated for short PUCCH in this contribution for evaluation. Two adjacent PRBs (continuous case) and two far-apart PRBs (discontinuous case) are both evaluated. It is found frequency diversity does improve performance of short PUCCH, no matter Option 1 or Option 4 is applied. For simplicity, only results of discontinuous case are summarized in Table 2. Please refer to Section 7.2 in Appendix for more detailed simulation results.
In Table 2, some aspects are compared between Option 1 and Option 4. 

· Encoding chain : For Option 4, sequences are assigned to UE for short PUCCH. No channel coding is required. Regarding to Option 1, at least repetition code shall be applied. 

· PRB sharing among UEs : For Option 4, CDM is a natural way for multiplexing among UEs since each UE is assigned one specific sequence, and all these sequences are mutual orthogonal. However, in Option 1, if PRB sharing among UEs is to be realized, CDM has also to be applied, which makes Option 1 fail to use one unified procedure for all ranges of UCI payload size. It still needs special handling for UCI with small payload. 

· SR performance: BER performance of SR for Option 1 and Option 4 are close since On-off keying is applied in both Options. It is noted that the required SNR for SR is based on “BER = miss detection rate = false alarm rate = 0.01”. Regarding to multiplexing capacity, Option 4 provides doubled capacity compared to Option 1. From Ref[2] “TR36.822 Section 5.1.2.1”, it is observed that SR overhead is significant for many real life traffic, for example IM, gaming, …, etc. Therefore, the doubled multiplexing capacity is important. The larger multiplexing capacity may either reduce system overhead or provide denser SR for latency reduction.
Observation #1: Option 1 and Option 4 have similar BER performance of SR
Observation #2: Option 4 provides larger SR multiplexing capacity, which may either reduce system overhead or provide denser SR for latency reduction.
· ACK/NACK performance : From simulation results, it is observed that Option 4 outperforms Option 1 for both 1 bit or 2 bits ACK performance. For 1 bit ACK, Option 4 is better than Option 1 since channel estimation (CE) is required in Option 1 and CE performance is not so good if number of PRB is small. For 2 bits ACK, Option 4 is better than Option 1 since Option 4 has larger minimum Euclidean distance. 
Observation #3: Compared to Option 1, Option 4 provides better BER performance of 1 or 2 bits ACK.
· PAPR performance : Option 1 has much worse PAPR, as 9.8dB, due to OFDM structure. Condition on discontinuous PRB allocation, Option 4 has PAPR as 6.1dB. It is noted that for continuous PRB allocation, Option 4 has even smaller PAPR as 4dB since Option 4 uses low PAPR sequences as its sequence-pool.

Observation #4: Compared to Option 1, Option 4 provides smaller PAPR.
Table 2. Performance comparison between Option 1 and Option 4
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Furthermore, based on the link level simulation results, link budget and the supported coverage range is analysed in Table 3. For item (7) “Required SINR”, Required SNR for 2 bits ACK/NACK in Table 2 are used for calculation. For item (11) “Gap to Max TX power due to PAPR”, it is derived from a typical PA with P_sat=32dBm assumed. With front end loss being 5dB, PAPR=6.1dB makes max actual TX power being 32-5-6.1=20.9dBm, which is smaller than 23dBm by 2.1dB. Applying Urban Macro pathloss model from Ref[3] TR38.900 with σSF (shadow fading std) = 6dB, coverage is obtained. Option 4 can provide larger coverage compared to Option 1 (357m vs 248m).
Observation #5: Considering Required SINR and PAPR, Option 4 provides larger coverage.

Table 3. Link budget analysis between Option 1 and Option 4
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4 Two-symbol PUCCH in short duration

It is noted that sequence-based design is also applicable to two-symbol PUCCH, as shown in Figure 2. Both Option 1 and Option 4 can have 3dB power gain, and therefore Option 4 shall still have better BER performance. Furthermore, in two-symbol configuration, sequence-based design can apply symbol-based frequency hopping so that its low PAPR (4dB) property can be maintained. In other words, frequency diversity gain can be obtained without PAPR suffering, unlike the case of one-symbol configuration.
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Figure 2. Extension to two-symbol PUCCH for Option 4
5 Conclusion
This contribution compares Option 1 (CP-OFDM based channel structure) and Option 4 (sequence-based channel structure) for 1 or 2 bits UCI, and we have the below observations.

Observation #1: Option 1 and Option 4 have similar BER performance of SR

Observation #2: Option 4 provides larger SR multiplexing capacity, which may either reduce system overhead or provide denser SR for latency reduction.
Observation #3: Compared to Option 1, Option 4 provides better BER performance of 1 or 2 bits ACK.
Observation #4: Compared to Option 1, Option 4 provides smaller PAPR.

Observation #5: Considering Required SINR and PAPR, Option 4 provides larger coverage.
Due to Option 4’s advantages, Option 4 shall be introduced in NR short PUCCH.
Proposal #1: Option 4 shall be supported for NR PUCCH in short duration.
6 Reference
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7 Appendix

7.1 Simulation assumptions
Table 4 lists the simulation assumptions for evaluation in this contribution.
Table 4. Simulation assumptions under evaluation
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7.2 Detailed simulation results
The following figures and Table 5 show the detailed simulation results
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Figure 3. BER performance of SR
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Figure 4. BER performance of 1 or 2 bits ACK for discontinuous PRB allocation
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Figure 5. False alarm rate performance of 1 or 2 bits ACK for discontinuous PRB allocation
[image: image10.jpg]BER

ACK Only

10° T

—<— Option 1, 1 bit, continuous
- X - Option 1, 2 bits, continuous
—>— Option 4, 1 bit, continuous
- X = Option 4, 2 bits, continuous
1073 I I I | I I I

-12 -10 -8 -6 -4 -2 0 2 4
SNR





Figure 6. BER performance of 1 or 2 bits ACK for continuous PRB allocation
Table 5. Summary of BER/PAPR performance between Option 1 and Option 4
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