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Introduction
In this paper, we discuss high PAPR issues for DM-RS designed for Release-15 NR [1].  First, we present an analysis of the high PAPR for single-symbol DM-RS for downlink and uplink. We then present hardware efficient solutions to address this issue with minimal changes as compared to Rel-15 specifications. We also address the issue of power imbalance due to TD-OCC for two-symbol DM-RS and propose efficient means to negate this effect. The case for high PAPR in pre-coded CSI-RS for Rel-15 NR is also addressed. 
High PAPR Issues for 1-Symbol DM-RS
In NR Rel-15, two different DM-RS types were designed namely Type-1 and Type-2 DM-RS which are shown in Figure 1. 
[bookmark: _Ref525830733]Figure 1: NR Release-15 DM-RS Types
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For the single symbol case, Type 1 DMRS uses a comb-2 structure with 2 CDM-Groups and length-2 FD-OCC per pair of alternating REs in each CDM-Group, while Type 2 DMRS uses a comb-3 structure with 3 CDM-Groups and length-2 FD-OCC per pair of adjacent REs in each CDM-Group. The length-2 FD-OCC is given by  [1].  For the case of CP-OFDM waveform, both Type 1 and Type 2 DM-RS uses complex QPSK sequence  generated as 



where  is a pseudo-random length-31 Gold sequence initialized by [1]

.
The generated sequence is then mapped to the physical resources as follows [1]:



      


The values of the different parameters  are specified in [1], Tables 6.4.1.1.3-1 and 7.4.1.1.2-1 respectively for uplink and downlink. Following the sequence mapping, the DM-RS is pre-coded and transmitted from physical antenna ports. Note that DM-RS ports are equivalent to MIMO layers and not physical antenna ports. The precoding is performed as follows:





It should be noted that this precoder is applied per sub-carrier for all the sub-carriers within the same PRG. The dimensions of the precoder matrix are i.e., number of antenna ports times the number of MIMO layers. The mapping of MIMO layers or DMRS antenna ports follows the comb/sub-carrier structure defined by each DMRS Type. For example consider the case of single symbol DM-RS Type 2 with 6 DM-RS ports i.e.,. In this case, for the first sub-carrier in the PRB, the precoder will be applied only to ports 0, 1 since these are the only ports in the 1st CDM-Group. The remaining ports are replaced with zeros and the precoding will be as follows

.
Now, considering for example, antenna port 0, the precoding can be expressed in terms of the first row of the precoder matrix as 

.


Based on NR Rel-15 sequence mapping, it can be seen that the mapping  is independent of the CDM-Group i.e., ports within each CDM-Group share the same DMRS sequence values. Due this mapping structure, when two ports from different CDM-Groups have identical FD-OCC values, they also have identical values of , for adjacent subcarriers. For example, considering the case of Type 1 DMRS with scheduling of ports 0, 2 which belong to CDM-Groups 1 and 2 respectively with identical FD-OCC values, it leads to the case where

.

For this example, consider a precoding matrix such that. After precoding considering all the sub-carriers within a PRB, it can be seen that the DMRS sequence is repeated in the frequency domain i.e., we have 

.
This repetition of the DMRS sequence in the frequency domain leads to coherent combination of signals in the time domain post IFFT for OFDM symbol generation, leading to a degradation in PAPR in comparison to CP-OFDM with random QPSK in every sub-carrier. The issue is generally seen to occur for most non-diagonal pre-coders. Similar issues can potentially occur in the case of Type 2 DMRS. Furthermore, in the case when all possible layers are scheduled for both Type 1 and Type 2 DMRS, the degradation still exists for some non-diagonal pre-coders and antenna ports. To illustrate this impact, in Figure 2, we plot the CCDF of the per antenna port PAPR (peak-to-average power ratio) of Rel-15 DMRS for all possible PMI’s for each rank. 
It can be seen that for fully loaded cases, the PAPR across all antenna ports and pre-coders is degraded for Rel-15 DMRS design due the fact that same sequence values are mapped to multiple CDM-Groups. It is to be noted that this issue is common to both DL and UL operation. However, for the case of UL with Type 2 DMRS, we are limited to rank-4 operation and therefore, the problems for both Type 1 and Type 2 are identical since from a UE perspective, all 3 CDM-Groups are never simultaneously scheduled. [bookmark: _Ref525829871][bookmark: _Ref525829880]Figure 2: PAPR Degradation in Release 15 Single Symbol Type 1 and Type 2 DMRS


PAPR Reduction Methods for DM-RS
In this section, we provide methods to reduce the PAPR for both Type 1 and Type DMRS for the single symbol case. Our solution is motivated by the fact that we aim to maintain consistency with Rel-15 NR DMRS design as well as ensure that minimal hardware changes and efficient operations in terms of CPU cycles can achieve the PAPR improvement. This is particularly critical from an UE perspective for UL DMRS design. 

Single Symbol Type 1 DM-RS


In this section, we treat the case of single symbol Type 1 DMRS. In order to mitigate the effect of mapping the same sequence values to ports within different CDM-Groups, it is necessary to perform CDM-Group specific operations in the mapped sequence values in order to introduce randomness of samples in the time domain signal. To this end, for Type 1 DMRS, we propose to map the sequence as in Rel-15 to the first CDM-Group and map the complex conjugate of the QPSK sequence i.e.,  to the second CDM-Group. Conjugation is a simple operation in terms of hardware implementation especially at the UE and therefore this approach has the advantage of requiring minimal changes to Rel-15 sequence generation i.e., the same  value can be used. The advantage of conjugate sequence can be seen by looking at the time domain equivalence of this operation under N-point IFFT:


,. 

Here  denotes a circular shift of dimension N. It is seen that conjugation in the frequency domain is equivalent to a complex conjugate time reversed sequence in the time domain. This introduces the required randomness to reduce the dynamic range of the overall time domain signal thereby significantly improving PAPR at negligible cost. The proposed mapping is expressed as follows:

[bookmark: ZEqnNum202526]             
Based on the proposed, we show PAPR evaluation results for Type 1 DMRS for cases when ports 0, 2 as well as ports 0-4 (fully loaded) are scheduled. From Figure 3, it can be seen that the conjugate sequence in the second CDM-Group drastically improves the PAPR. Note that Figure 3 shows the per-antenna port PAPR across all possible codebook based pre-coders of the appropriate rank. We have also compared the proposed approach with generation of the PN sequence of twice the length as the original Rel-15 PN sequence and sub-sampling it in a CDM-Group specific manner as proposed in [4]. It is seen that the proposed scheme performs better for a wide range of CCDF values owing the time-domain randomness across CDM-Groups introduced due to the conjugation. The proposed scheme additionally has the advantage of utilizing existing hardware design and hardware-efficient non-linear operations to remove the PAPR degradation for Type 1 DMRS. 

For analysis of cross-correlation properties of the conjugate sequences as compared to the original Rel-15 DMRS PN sequence, please refer to the Appendix, where it is shown that conjugate sequences suffer no loss in cross-correlation. [bookmark: _Ref525844743]Figure 3: PAPR Improvement in Type 1 DMRS with Conjugate Sequences. This is applicable to both DL and UL DMRS.

Proposal 1:
For Type 1 DM-RS, reuse Rel-15 PN sequence generation and mapping. The original sequence is used for the ports scheduled in CDM-Group 1, while the complex conjugate of the same sequence is used for the ports scheduled in CDM-Group 2 to decrease PAPR. The related mapping shown in  should be adopted.
Single Symbol Type 2 DM-RS
In this section, we extend the approach of the previous section to the case of Type 2 DMRS. There are 3 CDM-Groups in the case of Type 2 DMRS. For UL and for DL when only two ports across CDM-Groups i.e., 0, 2 or four ports across two CDM-Groups i.e., 0-3 are scheduled, the high PAPR problem in Type 2 DMRS is identical to the case of Type 1, except that in this case, the repetition of the DMRS sequence in frequency domain for the case of port 0, 2 being scheduled is of the form 
[r(0) r(1) r(0) r(1) 0 0 r(2) r(3) r(2) r(3) 0 0]
for a given PRB  due to the comb structure. However, the time domain impact of this repetition is the same. Therefore, for the case where only 2 CDM-Groups are scheduled, the solution to remove high PAPR is the same as for Type 1 DMRS i.e., to use the complex conjugate of the sequence in CDM-Group 2. For the case of DL DMRS when 6 ports are scheduled i.e., when CDM-Group 1-3 are used, additional non-linear operation in the form of CDM-Group specific complex phase-shift applied to the sequence in CDM-Group 3 can provide the time-domain randomness required to remove PAPR degradation. The advantage of using this non-linear operation based approach is that this deterministically provides low PAPR when same sequence values are mapped to different CDM-Groups. Mathematically, the proposed complex conjugation and phase-shift based approach can be captured as follows:

[bookmark: ZEqnNum544073]       

Here, the phase shift of  in the frequency domain to the QPSK sequence in CDM-Group 3 has the following time-domain equivalence under N-point IFFT:

.

It can be seen that the third CDM-Group therefore has a complex time domain sequence which is circularly shifted by N/4 samples compared to the original sequence in CDM-Group. Furthermore, the proposed phase-shift takes complex values in the set [1, -j, -1, j] leading to simple scalar multiplications. The performance of the proposed non-linear operation based approach is shown in Figure 4. 

It can be seen that the proposed approach efficiently removes the PAPR degradation of Type 2 DMRS. In this case, the major advantage of this approach is again that a PN of potentially three times the length of the original sequence does not need to be generated. The original Rel-15 DMRS sequence and mapping is sufficient. For an analysis of the cross-correlation properties of phase-shifted complex PN sequences, please refer to the Appendix. 

Proposal 2:

For Type 2 DM-RS, reuse Rel-15 PN sequence generation and mapping. The original sequence is used for the ports scheduled in CDM-Group 1, while the complex conjugate of the same sequence is used for the ports scheduled in CDM-Group 2. For the ports scheduled in CDM-Group 3, a complex phase shift of is applied to the sequence values in order to decrease PAPR. The related sequence mapping shown in  should be adopted.




[bookmark: _GoBack]PAPR Reduction Techniques for CSI-RS[bookmark: _Ref525846723]Figure 4: PAPR Improvement in Type 2 DMRS with Conjugate and Phase Shifted Sequences for Rank 2 and Rank 4 Transmissions



It has been observed that a PAPR degradation similar to the case of DM-RS can also exist for pre-coded CSI-RS due to the fact that in Rel-15 NR CSI-RS, the same PN sequence values are mapped to different CDM-Groups. For the case of pre-coded CSI-RS, there can be potentially 6 CDM-Groups within a PRB. Therefore to address the high PAPR issue of CSI-RS, a generalization of the Type 2 DM-RS approach can be considered. For the case of CSI-RS, a CDM-Group specific phase shift of the form ,  specifying the CDM-Group index and m being a scalar constant, can be applied to the sequence values for ports within each CDM-Group. This will introduce time domain randomness required to reduce PAPR. 

Proposal 3: 
For CSI-RS, reuse Rel-15 NR PN sequence generation and mapping. Apply a CDM-Group specific phase shift to the sequence values mapped to ports within different CDM-Groups to reduce PAPR.


Power Imbalance in Two-Symbol DM-RS
In the case of two-symbol DMRS, for both configuration Type 1 and Type 2, transmit power imbalance may occur across antenna ports on both OFDM symbols across allocated DM-RS resource elements when the time domain orthogonal cover codes (TD-OCC) are used to spread the DM-RS in time. 
For example, as shown in [5], for type 1 DM-RS, considering a single CDM-Group used to multiplex ports 0,1,2,3 and the fact that the cyclic shift is implemented using all 1’s for the first symbol and alternate +1 and -1 for the second symbol, the OCC mapping pattern is shown in Figure 5.


[image: ]







[bookmark: _Ref525849546]Figure 5: Worst-case DM-RS Power Imbalance at the Transmitter


In Figure 5, the combination of TD and FD-OCC for every 4 REs is the equivalent of a length 4-OCC providing orthogonality in both frequency and time. It is seen that only one OFDM symbol has high power while the other symbol has zero average power i.e., there is a power imbalance. Note that the power imbalance depicted in Figure 4 is a worst-case scenario where the same precoding weights are used across all ports. In the case of non-identical pre-coding, the power imbalance may be less severe but the proposed solutions and arguments presented in the following section are valid for such cases as well. The DM-RS power imbalance issue can be partially addressed by interchanging the TD-OCC pattern i.e., by using the mapping pattern  and  alternately instead of using only repetitively as in Figure 6. This addresses the power imbalance across OFDM symbols while still preserving the orthogonality due to the cyclic shift. For Type 1 DM-RS, this requires averaging over two PRBs to equalize the average power on both symbols while for Type 2 DM-RS, the equalization can be achieved over 1 PRB. However, a power imbalance over REs is still present. To address this issue, we propose randomization of peak power over symbols as well as REs by alternately using the following four OCC mapping patterns, and. The proposed OCC mapping pattern for Type 1 and Type 2 DM-RS is shown in Figure 6 for case of CDM-Group for Type 1 and Type 2 DM-RS. [bookmark: _Ref525849603]Figure 6: Proposed OCC mapping pattern for Type 1 and Type 2 DM-RS addressing power imbalance issue across REs and OFDM symbols


Another artefact of the proposed peak power randomization over OFDM symbols as well as all REs is the fact that possible interference caused by the DM-RS transmission is also randomized across frequency and time. The cost of additional randomization is that we require 4 PRBs to achieve full power randomization for the case of Type 1 DM-RS as shown in Figure 5. The OCC mapping pattern can be repeated across the UE’s operating bandwidth without loss of orthogonality within each PRB. Similarly the proposed mapping pattern for the case of Type 2 DM-RS requires 2 PRBs to randomize peak power over both REs and OFDM symbols as in Figure 6. Mathematically, the proposed OCC mapping can be expressed as follows for the case of Type 1 and Type 2 DMRS: 

[bookmark: ZEqnNum906510]             


The FD-OCC codes  and TD-OCC codes  are given in [1]. 
Proposal 4: 
· To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equalized over all REs and symbols when averaged over multiple PRBs.
· The OCC mapping patterns shown in equation  should be adopted to address the power imbalance issue.
Conclusions
In this paper, we have analysed the high PAPR issue for Release 15 NR DM-RS design. Based on the analysis, we proposed hardware efficient non-linear operation based sequence mapping for Rel-16 NR DM-RS which reuses the Rel-15 sequence mapping thereby effecting minimal changes. To this end, the following proposals were made:

1. For Type 1 DM-RS, reuse Rel-15 PN sequence generation and mapping. The original sequence is used for the ports scheduled in CDM-Group 1, while the complex conjugate of the same sequence is used for the ports scheduled in CDM-Group 2 to decrease PAPR. The related mapping shown in  should be adopted.
2. 
For Type 2 DM-RS, reuse Rel-15 PN sequence generation and mapping. The original sequence is used for the ports scheduled in CDM-Group 1, while the complex conjugate of the same sequence is used for the ports scheduled in CDM-Group 2. For the ports scheduled in CDM-Group 3, a complex phase shift of is applied to the sequence values in order to decrease PAPR. The related sequence mapping shown in  should be adopted.
3. For CSI-RS, reuse Rel-15 NR PN sequence generation and mapping. Apply a CDM-Group specific phase shift to the sequence values mapped to ports within different CDM-Groups to reduce PAPR.
4. To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equalized over all REs and symbols when averaged over multiple PRBs. The OCC mapping patterns shown in equation  should be adopted to address the power imbalance issue.
1. 
References

[1] [bookmark: _Ref520887808][bookmark: _Ref520884493]3GPP TS 38.211 v15.1.0, NR Physical Channels and Modulation (Release 15)
[2] 3GPP TS 38.212 v15.1.0, NR Multiplexing and Channel Coding (Release 15)
[3] 3GPP TS 38.214 v15.1.0, NR Physical Layer Procedures for Data (Release 15)
[4] [bookmark: _Ref525844958]R1-1806231, “Benefits of Resource Specific DMRS mapping”, Ericsson, 3GPP RAN WG1 Meeting #93, Busan, Korea, May 21st – 25th, 2018. 
[5] [bookmark: _Ref525851052]R1-1702190, Study on the maximum number of MIMO layers for MU-MIMO, 3GPP TSG RAN1 Meeting #88, Intel Corporation, Athens, Greece, 13th - 17th February 2017.

Appendix: Cross-Correlation Properties of Conjugate and Phase-Shifted Complex sequences


In this Appendix, we provide evaluation results to show that the proposed conjugate and phase shifted sequences do not suffer any loss in correlation properties with respect to the original Rel-15 DM-RS sequences. To this end, we choose initialization of PN sequences with distinct pairs of cell IDs,  and evaluate the time domain cross-correlation of different sequences for 10 different OFDM symbols within a slot for a 4 PRB allocation. In this case, we generate sequences of length 48. The CDF of cross-correlation for sequences initialized with 10 different pairs of cell IDs under different non-linear operations i.e., complex conjugation and phase-shift is shown in Figure 7. It can be seen that the three sequences have almost identical cross-correlation.


[image: ]
[bookmark: _Ref525848229]Figure 7: CDF of Cross-Correlation of different sequences for 10 pairs of cell IDs across 10 OFDM symbols


Next, we study the distribution of cross-correlation of the different sequences across a set of 10,000 distinct  pairs. For each pair, we choose the 50th and 95th percentile, as well as the maximum cross-correlation across 10 OFDM symbols for a 4 PRB allocation as the metrics. 


[image: ]
[bookmark: _Ref525848985]Figure 8: PDF of the Maximum Cross-Correlation of Different Sequences
Figure 8 shows the distribution of the maximum cross-correlation for the three different sequences. It can be seen that the proposed complex conjugate and phase-shifted sequences have almost identical maximum cross-correlation distributions as the original Rel-15 DMRS sequence. 

[bookmark: _Ref525849103]Figure 9: 50th and 95th Percentile of the Normalized Cross-Correlation of different sequences


Figure 9 also shows that the trends remain similar across the CDF of the cross-correlation i.e., the 50th percentile and the 95th percentile distributions of the three sequences are also identical. Therefore, the mappings proposed in this paper do not lead to any loss in cross-correlation properties of the resulting time-domain sequences. 



image4.emf

image59.wmf
ID

N


oleObject36.bin

image60.png
POr

009

008

007

006

00s

004

003

002

001

5 Rel-15 DMRS Sequences
—— Conjugated Sequences
| o Phase Shifted Sequences

03 1] 03 035 04 045 [ 055 06

Maximum Normalized Cross-Carrelation




image61.png
POr

016

01

008

006

004

002

009

= Rel-15 DMRS Sequence
—— Conjugated Sequences
| o Phase Shifed Sequences

00925 0095 00975 01 01025 0105 01075 011 01125
S0th Percentile of Normalized Carrelation

0115




image62.png
POr

01

008

006

004

002

.

5 Rel-15 DMRS Sequences
—— Conjugated Sequences
| o Phase Shifted Sequences

25 o255 026 0265 027 0275 028 0285 029
95th Percentile of Normalized Carrelation




image63.png
POr

016

01

008

006

004

002

009

= Rel-15 DMRS Sequence
—— Conjugated Sequences
| o Phase Shifed Sequences

00925 0095 00975 01 01025 0105 01075 011 01125
S0th Percentile of Normalized Carrelation

0115




image64.png
POr

01

008

006

004

002

.

5 Rel-15 DMRS Sequences
—— Conjugated Sequences
| o Phase Shifted Sequences

25 o255 026 0265 027 0275 028 0285 029
95th Percentile of Normalized Carrelation




image5.emf

image6.emf

image7.emf

image8.emf

image9.wmf
[

]

11, 11

-


oleObject1.bin

image10.wmf
()

rn


oleObject2.bin

image11.wmf
(

)

(

)

11

()12(2)12(21)

22

rncnjcn

=-×+-×+


oleObject3.bin

image12.wmf
()

ci


oleObject4.bin

image13.wmf
(

)

(

)

(

)

SCIDSCID

17slot31

initsymbs,fIDIDSCID

21212mod2

nn

cNnlNNn

m

=+++++


oleObject5.bin

image14.wmf
(

)

(

)

(

)

(,)

,ft

2

42Configuration type 1

     (UL)

6Configuration type 2

0,1; ;0,1,... ;  0,1,...,1

j

p

kl

awkwlrnk

nk

k

nk

klllnj

m

u

¢¢¢

=+

¢

++D

ì

=

í

¢

++D

î

¢¢

==+==-

%

%


oleObject6.bin

image15.wmf
(

)

(

)

(

)

(,)DMRS

,PDSCHft

2

42Configuration type 1

    (DL)

6Configuration type 2

0,1;;0,1,...

p

kl

awkwlrnk

nk

k

nk

kllln

m

b

¢¢¢

=+

¢

++D

ì

=

í

¢

++D

î

¢¢

==+=


oleObject7.bin

image16.wmf
',',,

kln

D


oleObject8.bin

image17.wmf
00

1

1

,

()()

,,

()

()

,

()()

()

()

pp

klk

l

l

p

p

k

k

l

amam

W

am

am

u

r

-

-

éù

éù

êú

êú

=

êú

êú

êú

êú

ëû

ëû

%

%

%

MM

%


oleObject9.bin

image18.wmf
[

]

W

ru

´


oleObject10.bin

image19.wmf
6

u

=


oleObject11.bin

image20.wmf
0

1

0

1

()

0,

()

()

0,

0,

()

0,

()

()

()

0

0

()

0

0

p

l

l

p

p

l

l

p

am

am

am

W

am

r

-

éù

êú

êú

éù

êú

êú

êú

=

êú

êú

êú

êú

ëû

êú

êú

êú

ëû

%

%

%

%

M


oleObject12.bin

image21.wmf
0

1

1

()()()

()

,

,0,1

,

,

,

1

,

n

n

ppp

p

klklk

n

l

n

lk

aWaWaWa

u

u

-

-

=+++

%%

%

%%%

L


oleObject13.bin

image22.wmf
(2')

rnk

+


oleObject14.bin

image23.wmf
()

,

p

kl

a

u

%

%


oleObject15.bin

image24.wmf
0

2

()

()

0,1,

(0)

p

p

ll

aar

==

%

%

%%


oleObject16.bin

image25.wmf
,0,2

,

1

nn

W

W

=


oleObject17.bin

image26.wmf
0

1

2

3

10

11

(0)

(0)

(1)

(1)

(5)

(5)

n

n

n

n

n

n

p

p

p

p

p

p

a

r

a

r

a

r

r

a

r

a

r

a

éù

éù

êú

êú

êú

êú

êú

êú

êú

êú

êú

=

êú

êú

êú

êú

êú

êú

êú

êú

êú

êú

ëû

ëû

M

M


oleObject18.bin

image27.png
ccor

10

107t

Per-Antenna Port PAPR across all Precoders
Single Symbol Type 1 DMRS

B ——Gromon
Ry | Rel- 15 DMRS: Pois 03 Scheduled
N 5= Rei 15 ous: pons 0 2 schesuies

2.4 dBPAPR %
Degradation

s B 10 ) 12 13

PAPR (dB)

14




image28.png
ccor

10

107t

107

Per-Antenna Port PAPR across all Precoders
Single Symbol Type 2 DMRS

—cp-omm
— — Rel-15 DMRS: Ports 0-6 Scheduled
-~ Rel-15 DMRS: Ports 0-3 Scheduled
Rel-15 DMRS:mPorts 0, 2 Scheduled

s

7 s B 10 ) 12
PAPR (dB)

15




image29.png
ccor

10

107t

Per-Antenna Port PAPR across all Precoders
Single Symbol Type 1 DMRS

B ——Gromon
Ry | Rel- 15 DMRS: Pois 03 Scheduled
N 5= Rei 15 ous: pons 0 2 schesuies

2.4 dBPAPR %
Degradation

s B 10 ) 12 13

PAPR (dB)

14




image30.png
ccor

10

107t

107

Per-Antenna Port PAPR across all Precoders
Single Symbol Type 2 DMRS

—cp-omm
— — Rel-15 DMRS: Ports 0-6 Scheduled
-~ Rel-15 DMRS: Ports 0-3 Scheduled
Rel-15 DMRS:mPorts 0, 2 Scheduled

s

7 s B 10 ) 12
PAPR (dB)

15




image31.wmf
*(2')

rnk

+


oleObject19.bin

image32.wmf
init

c


oleObject20.bin

image33.wmf
*[]*[(())]

N

Xkxn

Û-


oleObject21.bin

image34.wmf
(())

N

×


oleObject22.bin

image35.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(,)

,ft

(,)

,ft

2        (UL)

2         (DL)

(2')       for 

(2')

*(2')   for 

42     for Configuration Type 1

0,1; ;0,1,

0

... ;  

1

j

p

kl

p

kl

awkwlrnk

awkwlrnk

rnk

rnk

rnk

knk

klllnj

m

m

¢¢¢

=+

¢¢¢

=+

+

ì

+=

í

+

î

¢

=++D

¢¢

==

D

+=

=

D=

%

%%

%

%

0,1,...,1

u

=-


oleObject23.bin

image36.png
ccor

Per-Antenna Port PAPR across all Precoders
single Symbol Type 1 DMRS - Ports 0, 2 Scheduled

—cp-omm
Rel-15 DMRS
Sub-sampled Sequences
Conjugate
107
s 7 s B 10 fn

PAPR (dB)




image37.png
ccor

10°

107t

Per-Antenna Port PAPR across all Precoders

Single Symbol Type 1 DMRS - Ports 0-3 Scheduled

—cp-omm
Rel-15 DMRS
Sub-sampled Sequences
Conjugate

7 s

10
PAPR (dB)

12

13

14




image38.png
ccor

Per-Antenna Port PAPR across all Precoders
single Symbol Type 1 DMRS - Ports 0, 2 Scheduled

—cp-omm
Rel-15 DMRS
Sub-sampled Sequences
Conjugate
107
s 7 s B 10 fn

PAPR (dB)




image39.png
ccor

10°

107t

Per-Antenna Port PAPR across all Precoders

Single Symbol Type 1 DMRS - Ports 0-3 Scheduled

—cp-omm
Rel-15 DMRS
Sub-sampled Sequences
Conjugate

7 s

10
PAPR (dB)

12

13

14




image40.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(,)

,ft

,

/2

()

,ft

2        (UL)

2         (DL)

(2')           for 

*(2')        for 

(2')

(2')  for 

6     for Configuration T

0

2

4

j

jk

p

kl

p

kl

awkwlrnk

awkwlrnk

rnk

rnk

rnk

ernk

knk

m

m

p

-

¢¢¢

=+

¢¢¢

=+

+

ì

ï

+

+=

í

ï

+

î

¢

=++D

D=

D=

D=

%

%%

%

%

ype 2

0,1; ;0,1,... ;  0,1,...,1

klllnj

u

¢¢

==+==-


image1.emf

oleObject24.bin

image41.wmf
/2

jk

e

p

-


oleObject25.bin

image42.wmf
/2

[][((/4))]

jk

N

XkexnN

p

-

Û-


oleObject26.bin

oleObject27.bin

image43.png
ccor

10°

107t

107

Per-Antenna Port PAPR across all Precoders

Single Symbol Type 2 DMRS - Ports 0, 2 Scheduled

—cp-omm
Rel-15 DMRS

Sub-Sampled Sequences
Conjugate + N/4 Phase Shift

7 s B

10
PAPR (dB)

12

13

14




image44.png
ccor

10°

107t

107

Per-Antenna Port PAPR across all Precoders
single Symbol Type 2 DMRS - Ports 0-3 Scheduled

—cp-omm
Rel-15 DMRS

Sub-sampled Sequences
Conjugate + N/4 Phase Shift

O 7 s

B

10
PAPR (dB)

)

12

13

14




image45.png
ccor

10°

107t

107

Per-Antenna Port PAPR across all Precoders

Single Symbol Type 2 DMRS - Ports 0, 2 Scheduled

—cp-omm
Rel-15 DMRS

Sub-Sampled Sequences
Conjugate + N/4 Phase Shift

7 s B

10
PAPR (dB)

12

13

14




image46.png
ccor

10°

107t

107

Per-Antenna Port PAPR across all Precoders
single Symbol Type 2 DMRS - Ports 0-3 Scheduled

—cp-omm
Rel-15 DMRS

Sub-sampled Sequences
Conjugate + N/4 Phase Shift

O 7 s

B

10
PAPR (dB)

)

12

13

14




image2.emf

image47.wmf
2/

jkm

e

p

-D


oleObject28.bin

image48.wmf
D


oleObject29.bin

image49.png
Type 1 DM-RS

OFDM Symbols

Sub-carriers

b C d

1 1 1]— Po
1 -1 —-1|—~2
-1 1 —-1—np
1 -1 -1 1]/~

Orthogonal Cover Code (TD + FD OCC)

[ )

v

OCC Mapping Tx Power

Type 2 DM-RS

OCC Mapping

Tx Power




image50.png
Orthogonal Cover Code

(TD + FD OCC)
a b c d
1 1 1 1|— 5
1 1 -1 —1f—n
1 -1 1 -1}—n»
1 -1 -1 11— »p,

Sub-carriers

Type 1 DM-RS
(1 comb shown)

PRB,  PRB,4; PRB,s; PRB, .43 PRB,, PRB,., PRB,.; PRB,3
cld|d|c o|ojo|o
alb|b]a 4(0|0|4
dic|c|d o|ojo|o
blalal|b of4]4]0
cld|d|c ofojo|o
alb|b|a 410|044

OCC Mapping Tx Power





image51.png
Type 2 DM-RS
(1 RE pair shown)

PRB, PRB,,, PRB, PRB,,,

t cld olo
alb 410

Sub-carriers

d|c 0|0
b|a 0|4

OCC Mapping Tx Power




image52.png
Orthogonal Cover Code

(TD + FD OCC)
a b c d
1 1 1 1|— 5
1 1 -1 —1f—n
1 -1 1 -1}—n»
1 -1 -1 11— »p,

Sub-carriers

Type 1 DM-RS
(1 comb shown)

PRB,  PRB,4; PRB,s; PRB, .43 PRB,, PRB,., PRB,.; PRB,3
cld|d|c o|ojo|o
alb|b]a 4(0|0|4
dic|c|d o|ojo|o
blalal|b of4]4]0
cld|d|c ofojo|o
alb|b|a 410|044

OCC Mapping Tx Power





image53.png
Type 2 DM-RS
(1 RE pair shown)

PRB, PRB,,, PRB, PRB,,,

t cld olo
alb 410

Sub-carriers

d|c 0|0
b|a 0|4

OCC Mapping Tx Power




image54.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(,)

,ft

(,)

,ft

f

f

2        (UL)

2         (DL)

42     for Configuration Type 1

6     for Configuration Type 2

/6 is even for Configurat

     

j

p

kl

p

kl

awkwlrnk

awkwlrnk

nk

k

nk

n

wk

wk

m

m

¢¢¢

=+

¢¢¢

=+

¢

++D

ì

=

í

¢

++D

î

êú

ëû

¢

¢

=

%

%%

%

(

)

(

)

(

)

(

)

f

t

ion Type 1

/2 is even for Configiration Type 2

/6 is odd for Configuration Type 1

1

/6 is odd for Configuration Type 1

       if  is odd

'

1'  if  is even

t

t

n

n

wk

n

wln

wl

wln

ì

ì

ï

ï

í

êú

ï

ëû

ï

î

í

ì

êú

ï

ï

ëû

¢

-

í

ï

êú

ï

ëû

î

î

ì

ï

=

í

-

ï

î


image3.emf

oleObject30.bin

image55.wmf
()

f

w

k

¢


oleObject31.bin

image56.wmf
()

t

w

l

¢


oleObject32.bin

oleObject33.bin

image57.wmf
12

,{1,...,65535}

IDID

N

N

Î


oleObject34.bin

oleObject35.bin

image58.png
cor

Rel-15 DMRS Sequences
— — Conjugate of Sequences
| Phase Shifed Sequences

03 04 [ 06 07
Normalized Cross-Carrelation




