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1 Introduction
For NR waveform assumption, it was agreed in the RAN1#86bis meeting [1] that, 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner

· Above may apply both slot and mini-slot
Followings applies both DL and UL

· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission

· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity
· Study at least the following operations to be supported in NR, from a single UE perspective

· Case 1: UL data and UCI are FDMed where the resource for UCI is not  a part of the resource allocated for UL data 

· Case 2: UL data and UCI are TDMed where the resource for UCI is not  a part of the resource allocated for UL data 

· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data

· FFS: how different types of UCI are handled

· Further study on other possibilities is not precluded

In the RAN1 #86bis, the agreement is that UE-specific RS is used for NR-PUCCH transmission. This contribution provides demodulation RS design for different UL control channels including one symbol case.
2 Discussion 
2.1 New requirements in 5G 
In LTE, PUCCH has multiple formats for supporting uplink control information transmission. These control information includes SR, HARQ-ACK, CSI feedback, and their combinations.  Dependent on different UCI formats, DMRS was multiplexed with PUCCH in TDM manner as shown in Table 1. 
Table 1 Demodulation reference signal location for different PUCCH formats.
	PUCCH format
	Set of values for 
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	Normal cyclic prefix
	Extended cyclic prefix

	1, 1a, 1b
	2, 3, 4
	2, 3

	2, 3
	1, 5
	3

	2a, 2b
	1,5
	N/A


For NR, considering TDM is not always possible, multiplexing of DMRS and PUCCH in one symbol needs to be considered. 
At the last meeting, DFT-S-OFDM based waveform complementary to CP-OFDM waveform had been agreed. Thereby, different designs based on different waveform assumptions for NR-PUCCH and uplink demodulation RS need to be studied.  
Different from LTE, two types of NR-PUCCH transmission are supported in NR. Type one NR-PUCCH is transmitted with short duration and Type two NR-PUCCH is transmitted with long duration. In addition, uplink control information and data transmission from a UE within the same slot interval using different numerologies was not precluded in NR-PUCCH design. 
Based on these discussions and analysis, we have the following observation for demodulation RS of NR-PUCCH.  
Observation 1: The following aspects of demodulation RS for NR-PUCCH need to be considered in NR.  

· Support simultaneous transmission of NR-PUCCH and corresponding demodulation RS in one symbol

· To strive for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms for control channels, RS, etc. 

· To strive for a common design between the two types of NR-PUCCH

2.2 Design of demodulation RS for UL control channel
As discussed in [2], coverage limited consideration is important for cell edge UEs, especially for higher frequency case. In RAN1#86bis, it is agreed that NR supports both DFT-S-OFDM based waveform and CP-OFDM waveform, and the CP-OFDM waveform is used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions.

To reduce the complexity of UE, common design for DFT-S-OFDM based waveform and CP-OFDM based waveform should be considered. 
Since DFT-s-OFDM is also mandatory in NR uplink, low PAPR sequence, e.g. ZC sequence in LTE can be considered for this UL demodulation reference signal to benefit the performance of UL transmission. 
Proposal 1: For DFT-S-OFDM based transmission, low PAPR sequence, e.g. ZC sequence, should be considered for UL demodulation RS in NR.
For the multiplexing of demodulation RS and NR-PUCCH, the following three alternatives can be considered in NR. 
· FDM for demodulation RS and NR-PUCCH 
· TDM for demodulation RS and NR-PUCCH
· CDM for demodulation RS and NR-PUCCH
FDM manner can well satisfy the requirement of simultaneous transmission of PUCCH and demodulation RS in one symbol. For CP-OFDM based waveform, multiplexing of DMRS and PUCCH in frequency domain is natural and feasible. While for DFT-S-ODFM based waveform, multiplexing of DMRS and PUCCH in frequency domain will induce high PAPR compared with TDM manner. In NR, considering that TDM is not always possible, the multiplexing of DMRS and PUCCH with low PAPR in one symbol should be further studied.
Observation 2: Multiplexing of demodulation RS and NR-PUCCH with low PAPR in one symbol should be studied in NR. 
For type two NR-PUCCH with long duration, TDM of DMRS and NR-PUCCH over multiple UL symbols can be used to improve coverage. Even for NR-PUCCH with short duration, when control information adopts different numerology from UL data, e.g. larger subcarrier spacing, TDM manner can also be considered over multiple short symbols. 

Furthermore, if the number of information bits is not large for NR PUCCH, e.g., HARQ-ACK, CDM can also be considered to improve multiplexing capacity. 
In NR MIMO, aperiodic CSI as main report scheme had been extensively discussed by many companies. Dependent on the possible outcomes from NR-MIMO, maybe CSI will only be transmitted on PUSCH in NR. Thereby, CDM between demodulation RS and NR-PUCCH can be regarded as a complementary scheme under the case of small information bits for NR-PUCCH.  
From the above discussions and analysis, it can be seen that FDM, TDM are both necessary dependent on different use cases. And CDM can be regarded as a complementary scheme under the case of small information bits for NR-PUCCH.  
As discussed in the above section, a common design for demodulation RS and NR-PUCCH based on different assumptions should be strived in NR. Therefore, FDM manner can be regarded as baseline in all use cases.   

Proposal 2: FDM can be regarded as baseline for the multiplexing of demodulation RS and NR PUCCH, TDM and CDM as complementary scheme. 
For DFT-S-ODFM based waveform, in order to achieve low PAPR with the multiplexing of demodulation RS and NR-PUCCH, an orthogonal channel multiplexing method (i.e. OCM) can be considered in NR. In this scheme, multiplexed RS signal streams and control information streams are separately mapped to multiple orthogonal frequency resources. Typically, comb like frequency division is preferred as shown in Figure 1. In addition, in order to ensure TDM in time domain, repetition and phase rotation in frequency domain is needed. 

An example is shown in Figure 1, wherein sequence {qr}r=1,2,…,2K of the first multiplexed signal stream is constructed by the cyclically expanded sequence of a K-length base sequence {ci}i=1,2,…,K. While for sequence {pr}r=1,2,…,2K of the second multiplexed signal stream, besides of a cyclically expanded sequence of a K-length base sequence {di}i=1,2,…,K, an additional phase rotation term is further imposed to each element. 
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Figure 1  An illustration of comb like frequency division with repetition and phase rotation

Based on this design, after IFFT transform, each of multiple time-domain signal streams is interlaced with others in time domain as shown in Figure 2. Considering that each signal stream is a ZC sequence with low PAPR, thereby, the interleaved transmission of multiple signal streams can still guarantee the low PAPR property. On top of it, high PA efficiency can be achieved and the performance of signal especially for cell edge UEs can be efficiently improved.  
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Figure 2. Processing of multiple orthogonal signals with low PAPR
Based on the above discussions for multiple orthogonal RS with low PAPR, we have the following proposal:   

Proposal 3: Orthogonal channel multiplexing method of demodulation RS and NR-PUCCH with low PAPR in an OFDM symbol should be considered in NR.
3 Conclusion
In this contribution, uplink demodulation RS design for different UL control channels including one symbol case are discussed and analyzed. Based on these discussions, we have the following observations and proposals:
Observation 1: The following aspects of demodulation RS for NR-PUCCH need to be considered in NR.  

· Support simultaneous transmission of NR-PUCCH and corresponding demodulation RS in one symbol

· To strive for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms for control channels, RS, etc. 

· To strive for a common design between the two types of NR-PUCCH

Observation 2: Multiplexing of demodulation RS and NR-PUCCH with low PAPR in one symbol should be studied in NR. 

Proposal 1: For DFT-S-OFDM based transmission, low PAPR sequence, e.g. ZC sequence, should be considered for UL demodulation RS in NR.
Proposal 2: FDM can be regarded as baseline for the multiplexing of demodulation RS and NR PUCCH, TDM and CDM as complementary scheme. 
Proposal 3: Orthogonal channel multiplexing method of demodulation RS and NR-PUCCH with low PAPR in an OFDM symbol should be considered in NR.
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