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1 Introduction

At the RAN1 NR-Adhoc meeting, the following agreements were made regarding short UL control channel [1]
 For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least semi-static configuration for the following is supported.

· A PUCCH resource of a given UE within a slot.

· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

· The PUCCH resource includes time, frequency and, when applicable, code domains.

· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

· PUCCH in short-duration can span until the end of a slot from UE perspective

· No explicit gap symbol is necessary after the PUCCH in short-duration.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.

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 agreed in the RAN1 NR Adhoc meeting [1], NR should support at least FDM based multiplexing of DM-RS and UCI symbols within one symbol duration. In our companion contribution [2], link level performance for TDM and FDM based multiplexing of DM-RS and UCI symbols is provided. According to the evaluation results and considering the limitations from TDM based multiplexing of DM-RS and UCI symbols, in our view, FDM based multiplexing of DM-RS and UCI symbols should be supported in NR as a mandatory feature. It is FFS the support of TDM based multiplexing of DM-RS and UCI symbols with doubled subcarrier spacing in case that clear benefit is identified in RAN1.
Figure 1 illustrates candidate DM-RS pattern for short UL control channel carrying 1 or 2 bit UCI 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.    
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Figure 1. Candidate DM-RS pattern 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
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Figure 2. 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 3. 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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