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1 Introduction

At the RAN1 #87 meeting, the following agreements were made regarding NR UL control channel [1]: 

· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests

· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data

· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data

· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’

· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

In addition, the following agreements were made with respect to NR UL control channel with short duration [1]  

· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping

· FFS: PUSCH in the short UL duration can be scheduled independently

· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)

Furthermore, the following agreements were made on NR UL control channel with long duration [1]. 

· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots

· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases

· FFS: more than [1] ms at least for some cases

· FFS the numbers of the slots

· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM

· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)

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], DM-RS based structure and sequence based design can be considered to carry 1 or 2 bit HARQ ACK/NACK feedback in short UL control channel. For DM-RS based structure, DM-RS is inserted and embedded in the UL control channel to allow gNB to perform coherent detection. Further, orthogonal sequences can be considered as spreading code on modulated symbols to multiplex multiple UEs in the same frequency resources.  
In our companion contribution [3], 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 doubling 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.
References

[1] Chairman’s notes, RAN1 #87, Reno, USA, November, 2016.
[2] R1-1700364, “UL control channel design with short duration”, Intel Corporation, RAN1 NR Ad-Hoc, Spokane, USA, January, 2017

[3] R1-1700366, “Link level evaluation and comparison of DMRS structures for short UL control channel”, Intel Corporation, RAN1 NR Ad-Hoc, Spokane, USA, January, 2017
PAGE  
4/4

