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1 Introduction

At the RAN1#88 meeting, the following agreements were made regarding short UL control channel [1]:
· 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 

Further, the following agreements were made on short UL control channel with 1 symbol duration [1]:

· 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 present our analysis on cubic metric (CM) for short UL control channel for NR.  
2 CM analysis for short UL control channel 
2.1 DM-RS structure 

As discussed in our companion contribution [2], for short PUCCH with 1 symbol duration, DMRS and UCI employ length-12 CAZAC sequences, respectively, and are multiplexed in FDM on different subcarriers alternatingly. Figure 1 illustrates the short PUCCH structure carrying 1 or 2 bit information. 
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Figure 1. Short PUCCH structure carrying 1 or 2 bit information

Note that for FDM based multiplexing of DM-RS and UCI symbols, one potential issue could be the increase of PAPR or CM, which may not be desirable due to increased backoff for output power and reduced efficiency for power amplifier for uplink transmission. However, by carefully designing the sequence applied for DM-RS and spreading sequence for UCI symbols, CM for short UL control channel can be reduced substantially. In the following sections, we present CM analysis for short UL control channel carrying 1 or 2 bit information.    
2.2 CM analysis
In the analysis, length-12 computer generated sequence as defined in LTE PUCCH is used for the sequence for DM-RS and spreading sequence for UCI symbols. Note that sequence for DM-RS and spreading sequence for UCI symbols in frequency domain consists of a base sequence and a cyclic shifted version of the base sequence. More specifically, the base sequences from different cells are quasi-orthogonal with relatively low cross correlation while different cyclic shifted versions of the same base sequence are orthogonal in frequency.
In the simulations, for FDM based multiplexing, same root sequence is applied for DM-RS and spreading sequence for UCI symbols. Further, same and different cyclic shift indexes are considered. In the latter option, it is assumed that cyclic shift index for DM-RS sequence is fixed and best cyclic shift index for UCI symbols is selected among all possible values, which results in minimal CM value. 
Figure 2 illustrates CM for short UL control channel with fixed root index. From the figure, it can be seen that by carefully selecting cyclic shift pairs for DM-RS and spreading sequence for UCI symbols, CM can be reduced substantially compared to the case when same sequence is applied. In addition, ~1dB gap for CM can be observed between TDM and FDM based multiplexing of DM-RS and UCI symbols. 
[image: image2.emf] DM-RS cyclic shift index: 0 - 11

0 1 2 3 4 5 6 7 8 9 10 11

 

C

M

 

(

d

B

)

0

0.5

1

1.5

2

2.5

3

3.5

4

 CM for short PUCCH: root index u = 15

TDM

FDM: same sequence

FDM: selected pair from different sequences


Figure 3. CM for short UL control channel with fixed root index
Figure 3 illustrates CM for short UL control channel with different root indexes. In the simulations, cyclic shift value for DM-RS sequence is fixed to 2 and 9, respectively. In the simulations, two options are considered for different sequences: 1) best cyclic shift pairs as mentioned above and 2) fixed cyclic shift gap of 1. From the figure, similar trend can be observed, i.e., with carefully selected cyclic shift pairs for DM-RS and spreading sequence for UCI symbols, CM can be reduced substantially. Further, when a fixed cyclic shift gap is used for DM-RS and spreading sequence for UCI symbols, for most of root indexes, 0.5dB – 1.5dB CM improvement can be achieved compared to the case when same sequence is applied. 
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Figure 4. CM for short UL control channel with different root indexes
Observation 1
· By carefully selecting cyclic shift pairs for DM-RS and spreading sequence for UCI symbols, CM can be reduced substantially compared to the case when same sequence is applied. 

· A fixed cyclic shift gap between DM-RS and spreading sequence for UCI symbols can also improve CM substantially.
3 Conclusions

In this contribution, we presented our analysis on CM for short UL control channel carrying 1 or 2 bit UCI information. Based on the discussion, we summarize our views through the following observations:
Observation 1
· By carefully selecting cyclic shift pairs for DM-RS and spreading sequence for UCI symbols, CM can be reduced substantially compared to the case when same sequence is applied. 

· A fixed cyclic shift gap between DM-RS and spreading sequence for UCI symbols can also improve CM substantially.
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