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In RAN1#88, the followings have been agreed for long PUCCH duration:
· For a given UCI payload, long-PUCCH is designed such that:
· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH
· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)
· Frequency-diversity gain should be same/similar to LTE PUCCH
· Interference randomization should be enabled
· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits
· Strive for scalable design with long-PUCCH with respect to the number of symbols
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot
· FFS the set of supported values
· For PUCCH in long duration, 
· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)
· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed
· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.
· FFS for >2 UCI bits
· FFS the case of within a slot
· 
In RAN1#89, the followings have been further agreed:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 
· Some examples as a starting point:
· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH
· FFS on applicability of (virtual) frequency domain OCC
· FFS for the value of X
· FFS for medium UCI payload with less than X bits
· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.


In this contribution, further thoughts on the channel multiplexing of PUCCH and PUSCH is discussed. 
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[bookmark: _Ref466042856]Figure 1: Option 1 for FDM for Simultaneous long burst PUCCH and PUSCH transmission from the same UE.
Figure 1 illustrates the proposed multiplexing scheme when simultaneous PUCCH and PUSCH are transmitted, and PUCCH is transmitted in adjacent RBs side by side with PUSCH. 
Specifically, the following is preferred for simultaneous PUCCH and PUSCH in the long burst.
Proposal 1: For simultaneous PUCCH and PUSCH on the long PUCCH burst:
· PUCCH is in contiguous RB as PUSCH to reduce MPR.
· PUCCH is on both edges of PUSCH to create more frequency diversity for PUCCH.
· PUCCH has unified design and waveform (based on low PAPR design) regardless of PUSCH waveform selection to simplify design/specification/implementation efforts.
In the rest of the section, we provide some analysis to support the above proposals
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[bookmark: _Ref471461295]Figure 3 Non-Adjacent PUCCH and PUSCH
It is well known [4] that multi-cluster waveform can lead to higher inter-mod (e.g. IM3, IM5, etc.), leading to reduced transmission power in order to meet the emission requirements, such as spectral emission mask. Compared with a non-adjacent allocation for PUCCH and PUSCH, contiguous allocation has lower maximal power reduction (MPR). In [4], the intermodulation distortion for adjacent and non-adjacent allocation of the RBs was studied as shown in Figure 3 and Figure 4. In summary:
· For 10Mhz bandwidth, there is 2.5 dB MPR gain for adjacent allocation over non-adjacent allocation.
· For 20Mhz bandwidth, there is 4 dB MPR gain for adjacent allocation over non-adjacent allocation.

Observation 1: Compared to non-adjacent PUCCH and PUSCH allocation, the proposed adjacent FDM of PUCCH and PUSCH has 2.5~4dB MPR gain.
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[bookmark: _Ref471463206]Figure 4 PAPR of OFDM and multi-cluster DFT-s-OFDM waveforms
It is known that DFT-S-OFDM waveforms has ~2dB link budget advantage over CP-OFDM waveforms. That’s why LTE has UCI on PUSCH when both UCI and uplink data need to be transmitted. It is agreed that NR will support both CP-OFDM and DFT-S-OFDM waveforms in uplink, configured by the network. From design simplicity perspective, it is desirable that UE can have a unified PUCCH design and channelization regardless of the selected PUSCH waveforms. This also simplifies eNB detection complexity since PUCCH and PUSCH are independently transmitted. On the other hand, strictly speaking, FDM’ing PUCCH and PUSCH loses the single carrier property, even if both channels use single carrier waveform, respectively. So the question is: how much do we lose in PAPR?
Figure 5 shows the PAPR of such multi-cluster DFT-s-OFDM waveforms as shown in Figure 1, where both PUCCH and PUSCH are using DFT-S-OFDM waveforms separately (i.e. they go through separate DFT precoding). It can be noticed that the corresponding 3-cluster DFT-s-OFDM waveform has a slightly higher (<1dB) PAPR than a single cluster DFT-s-OFDM, but still much better PAPR than OFDM waveform.
Observation 2: The PAPR of the simultaneous PUCCH and PUSCH is much better than with CP-OFDM waveform, if both PUCCH and PUSCH use single-carrier waveform.
FDM PUCCH/PUSCH only with the same number of symbols


Figure 5. No FDM of long-PUCCH/PUSCH and short-PUCCH/PUSCH from same UE
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Therefore, long PUCCH/PUSCH should not be FDMed with short PUCCH/PUSCH from the same UE to keep the same power offset and phase continuity for all symbols in long PUCCH/PUSCH.
Proposal 2: Long PUCCH/PUSCH should not be FDMed with short PUCCH/PUSCH from the same UE.

Conclusions
In summary, we observe the following observation on the “simultaneous PUCCH and PUSCH” for long PUCCH mode:
Observation 1: Compared to non-adjacent PUCCH and PUSCH allocation, the proposed adjacent FDM of PUCCH and PUSCH has 2.5~4dB MPR gain.
Observation 2: The PAPR of the simultaneous PUCCH and PUSCH is much better than with CP-OFDM waveform, if both PUCCH and PUSCH use single-carrier waveform.
Therefore, we have the following proposal:
Proposal 1: For simultaneous PUCCH and PUSCH on the long PUCCH burst:
· PUCCH is in contiguous RB as PUSCH to reduce MPR.
· PUCCH is on both edges of PUSCH to create more frequency diversity for PUCCH.
· PUCCH has a unified design and waveform (based on low PAPR design) regardless of PUSCH waveform selection to simplify design/specification/implementation efforts.

Proposal 2: Long PUCCH/PUSCH should not be FDMed with short PUCCH/PUSCH from the same UE.
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757] References
[1] [bookmark: _Ref461383190]3GPP RAN1 86bis “Chairman’s Notes RAN1_86bis - final”, Lisbon, Portugal, Oct 2016.
[2] [bookmark: _Ref471731688]3GPP RAN1 87 “Chairman’s Notes”
[3] [bookmark: _Ref465620188][bookmark: _Ref458672262]3GPP R1-1612074 “UL channelization in long UL duration”, Qualcomm, 3GPP RAN1#87, Reno, USA, Nov 2016.
[4] [bookmark: _Ref471294449]3GPP R1-161024 “Simulation Results for MPR of V2V Waveforms”, Qualcomm, Reno, USA, Nov 2016.


1/6
image1.emf
Long UL duration

P

D

C

C

H

s

h

o

r

t

 

U

L

 

d

u

r

a

t

i

o

n

PUCCH of UE 1

PUCCH of UE 1

PUSCH of UE 1


oleObject1.bin
�









Long UL duration






PDCCH


short UL duration


PUCCH of UE 1


PUCCH of UE 1


PUSCH of UE 1



image2.emf
Number of Transmission RB

Number of Transmission RB

MPR (dB) MPR (dB)

(a) Bandwidth = 10MHz (b) Bandwidth = 20MHz


oleObject2.bin
Number of Transmission RB


Number of Transmission RB


MPR (dB)


MPR (dB)


(a) Bandwidth = 10MHz


(b) Bandwidth = 20MHz



image3.emf
Number of Transmission RB

Number of Transmission RB

MPR (dB) MPR (dB)

(a) Bandwidth = 10MHz (b) Bandwidth = 20MHz


oleObject3.bin
Number of Transmission RB


Number of Transmission RB


MPR (dB)


MPR (dB)


(a) Bandwidth = 10MHz


(b) Bandwidth = 20MHz



image4.emf
-15 -10 -5 0 5 10 15

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

CDF

PAPR [dB]

 

 

OFDM

DFT-s

DFT-s 3 cluster

DFT-s 2 cluster


image5.emf
P

D

C

C

H

Long burst

Short burst

Long PUCCH/PUSCH from UE1

Short 

PUCCH/PUSCH

From UE1


oleObject4.bin
�

PDCCH


Long burst


Short burst


Long PUCCH/PUSCH from UE1


Short PUCCH/PUSCH
From UE1



