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Introduction
In RAN1#95 meeting, the working assumption for DMRS enhancement was confirmed, and further progress was achieved on DMRS enhancement for both CP-OFDM and DFT-s-OFDM [1]. 
However, there are still some open issues for these enhancements, especially for DFT-s-OFDM. In this contribution, we provide our views on the remaining issues of low PAPR DMRS enhancements. In addition, we provide our understanding on inter-symbol power imbalance issue.
Discussion
DMRS PAPR for CP-OFDM
In RAN1#95 meeting, one open issue was left for CP-OFDM DMRS as follows
For further study:
When 2nd or 3rd CDM group is used, there are two behaviors for a Rel.16 UE: Rel.15 or Rel.16 sequences
· Alt.1 RRC signaling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group
· Alt.2 RRC + DCI signaling to switch between R.15 or R.16 sequence for 2nd and 3rd CDM group
· DCI code points or explicit (new) bit can be used
More analysis of potential benefits needed, downselect next meeting between Alt. 1 and 2 
For single TRP transmission, Alt.1 introduces some scheduling restriction if Rel-15 users and Rel-16 users are co-scheduled. When Rel-15 users need to be allocated more than 2 layers, the MU-scheduling among Rel-15 users and Rel-16 user will be impossible if Rel-16 user is semi-statically configured with new DMRS sequence as shown in the left one of Figure 2.1-1. For instance, if Rel-15 UE0 with 2 layers, Rel-15 UE1 with 1 layer and Rel-16 UE2 with 1 layer need to be co-scheduled, Rel-15 UE1 must be mapped on the second CDM group and co-scheduled with Rel-16 UE2. However, orthogonality will not be achieved since UE1 and UE2 have different basic sequences in the second CDM group. For DMRS type 2 as shown in the right one in Figure 2.1-1, the issue also exists in the case when Rel-15 users need to be allocated more than 2 layers and to be co-scheduled with Rel-16 users. For instance, if Rel-15 UE0 with 2 layers, Rel-15 UE1 with 2 layer and Rel-16 UE2 with 2 layer need to be co-scheduled. Likewise, the same issue exists in the two symbol DMRS cases.
[image: ]
Figure 2.1-1 DMRS pattern with 1 symbol
In brief, in the case when Rel-15 users and Rel-16 users are co-scheduled, if the number of layers for Rel-15 user(s) needs to be more than N, it will be impossible to support this kind of co-scheduling if Rel-16 users are semi-statically configured with new sequence. N is the maximum number of DMRS ports within the first CDM group. 
Observation 1: In the case when Rel-15 users and Rel-16 users are co-scheduled, Alt.1 causes the scheduling restriction if the number of layers for Rel-15 user(s) needs to be more than N, wherein N is the maximum number of DMRS ports within the first CDM group. 
For DPS scheme, Alt.1 also has some issues. As shown in Figure 2.1-2, it is assumed that two coordinated TRP0 and TRP1 are Rel-16 and Rel-15 gNBs respectively. In order to achieve low PAPR at TRP0, new DMRS sequence can be configured by RRC signaling. However, if transmission point is changed to TRP1 from slot 0 to slot1, it is impossible to use the new sequence for TRP1. Then more than 2 layers transmission from TRP1 cannot be supported for one symbol DMRS case. 
[image: ]
Figure 2.1-2 DPS between Rel-15 and Rel-16 gNBs
Observation 2: Alt.1 causes scheduling restriction for DPS if two coordinated TRPs are Rel-15 and Rel-16 respectively.
To solve the above issues, we propose 1 new bit in DCI to indicate the use of Rel-15 or Rel-16 sequence.
Proposal 1: Support RRC + 1 bit DCI to switch between Rel-15 or Rel-16 sequence for 2nd and 3rd CDM group. 

DMRS PAPR for DFT-s-OFDM for PUSCH
Sequence generation
In RAN1#95 meeting, new CGS was agreed for length 6, 12, 18 and 24 for pi/2 BPSK modulation as follows 
Agreement:
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 
In this section, we provide the 30 sequences for each length searched by setting proper selection criteria, such as predefined threshold for PAPR, low cross correlation, good auto-correlation. The searched sequences for length 6/12/18/24 are shown in Table A-1/2/3/4 respectively.
In Table 2.2-1, we provide the PAPR and cross correlation property of our selected sequences. Compared with Table 2.2-2 which shows the PAPR for PN sequences with pi/2 PBSK modulation, the selected sequences in Table A-1/2/3/4 have much lower PAPR. 
Table 2.2-1 PAPR and XCorr based on selected sequences for length=6/12/18/24 
[image: ]
Table 2.2-2 PAPR based on PN sequence for length=12/18/24 
[image: ]
Since DMRS generated before DFT operation may cause non-flatness in frequency domain which may further impact the accuracy of the channel estimation, we provide our LLS results to compare performance of our searched sequence and Rel-15 DMRS. In our simulation, DMRS channel estimation is implemented in frequency domain. FDSS corresponding to a time-domain response of [-0.28,1,-0.28] is assumed. Other simulation assumptions can be found in Table A-5. Note that the performance shown below is the average performance of 30 sequences. In other words, the opportunity of using each sequence is equal in the entire simulation. More results and simulation assumptions can be found in Appendix.

Figure 2.2-1 Performance for sequences with length 6

Figure 2.2-2 Performance for sequences with length 12

Figure 2.2-3 Performance for sequences with length 18

Figure 2.2-4 Performance for sequences with length 24
From the results shown in above figures, it is observed our searched sequences don’t cause obvious performance degradation.
Proposal 2: The sequences in Table A-1, A-2, A-3, A-4 are adopted for length 6, 12, 18 and 24 respectively.
Support maximum 8 MU-ports
In Rel-15, maximum 4 and 8 MU-ports are supported for single and double front-loaded DMRS symbols respectively. In order to achieve the equal capacity with Rel-15, the pre-DFT DMRS sequence should also support 4 and 8 DMRS ports.


Step 1: As described in [2], the DMRS sequence with length  before DFT can be equally divided into two parts, wherein is the number of subcarriers of scheduled PUSCH. In order to make two DMRS ports map on different comb offsets in frequency domain , the first part sequence denoted as R should be the same or  negative of the second part, i.e. [R R] or [R - R]. In other words, two OCC codes [1 1] and [1 -1] can be multiplied on the first part and the second part of the DMRS sequence, wherein the first part and the second part are the same.  Based on this sequence mapping, two orthogonal DMRS ports can be achieved.
Taking 1 PRB PUSCH scheduling as an example, length 6 CGS is used and denoted as R = [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5)]. Then, the DMRS sequence for port 0 and port 1 are as follows
Port 0: [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5)]   [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5) ]
Port 1: [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5)]  - [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5) ] 

Step 2: In order to get another two orthogonal DMRS ports, OCC codes [1 1] and [1 -1] can be further used in each of two adjacent samples of DMRS sequences. Since the channel response difference of two adjacent samples is usually not much, orthogonality can still be guaranteed even two DMRS ports map on the same comb offset as follows
Port 0: [ r(0)   r(1)  r(2)  r(3)  r(4)   r(5)]   [ r(0)  r(1)   r(2)  r(3)  r(4)  r(5) ]
Port 2: [ r(0)  -r(1)  r(2)  -r(3)  r(4)  -r(5)]   [ r(0)  -r(1)  r(2)  -r(3)  r(4)  -r(5) ] 
Another solution is to further divide R into two portions, denoted as R = [s1 s2] and apply OCC codes [1 1] and [1 -1] to the two portions as described in [2]. So sequence [s1 s2] [s1 s2] is used for port 0 and sequence [s1 -s2] [s1 -s2] is for port 2. However, this kind of OCC demodulation should assume the same of channel response between s1 and s2 which seems not aligned with reality. 
Step 3: If two front loaded DMRS symbols are configured, TD-OCC on two adjacent symbols can still be used as Rel-15 to achieve further orthogonality, e.g. for port 0, [R R] and [R R] are used in two adjacent DMRS symbols respectively, and for port 4, [R R] and -[R R] are used.
Port 0: [R R]   [R R]
Port 4: [R R]  -[R R] 


In brief, for PUSCH transmission with  subcarriers, DMRS sequence based on CGS with length  is repeated in the first half part and the second half part. For different DMRS ports, OCC [1 1] and [1 -1] can be used in two parts, two adjacent samples or two DMRS symbols.


Proposal 3: For PUSCH transmission with subcarriers, DMRS sequence based on CGS with length  is repeated in the first half part and the second half part. OCC [1 1] and [1 -1] can be applied in two parts, each two adjacent samples or two DMRS symbols as follows
Table 2.2-3 OCC codes for different DMRS ports
	Port number
	OCC in first half part and the second half part
	OCC in each of two adjacent samples
	OCC in two adjacent symbols

	0
	[1 1]
	[1 1]
	[1 1]

	1
	[1 1]
	[1 -1]
	[1 1]

	2
	[1 -1]
	[1 1]
	[1 1]

	3
	[1 -1]
	[1 -1]
	[1 1]

	4
	[1 1]
	[1 1]
	[1 -1]

	5
	[1 1]
	[1 -1]
	[1 -1]

	6
	[1 -1]
	[1 1]
	[1 -1]

	7
	[1 -1]
	[1 -1]
	[1 -1]



DMRS PAPR for DFT-s-OFDM based PUCCH
In RAN1#95 meeting, enhancements for PUCCH format 3 and 4 were agreed as follows.
Agreement: 
Support PUCCH DMRS enhancements for PUCCH format 3 and 4


Since there is no need to support different comb offsets in frequency domain for PUCCH transmission, DMRS sequence based on CGS with length  should be used for PUCCH with  subcarriers.   
Because of no multiplexing of multiple resources of PUCCH format 3 in Rel-15, orthogonal DMRS ports for PUCCH format 3 is unnecessary.
However, for PUCCH format 4, two or four orthogonal ports should be supported as Rel-15 in one OFDM symbol. Then we support applying OCC codes in each two or four adjacent samples within one OFDM symbol. Since one PRB is always used for PUCCH format 4, OCC codes for multiplexing factor 2 and 4 should be as follows

 Table 2.3-1 Orthogonal sequences  for PUCCH format 4 when .
	

	


	0
	[+1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1]

	1
	[+1  -1   +1  -1  +1  -1   +1  -1  +1   -1  +1  -1 ]




Table 2.3-2 Orthogonal sequences  for PUCCH format 4 when .
	

	


	0
	[+1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1]

	1
	[+1  -j   -1   +j  +1   -j   -1  +j   +1  -j   -1   +j ]

	2
	[+1  -1   +1  -1  +1  -1   +1  -1  +1   -1  +1  -1 ]

	3
	[+1  +j    -1  -j   +1  +j   -1   -j  +1  +j   -1   -j ]




Proposal 4: For PUCCH transmission with subcarriers, DMRS sequence based on CGS with length  is used. OCC codes in each of two or four adjacent samples within one OFDM symbol should be used for multiplexing factor 2 or 4 respectively.

Power imbalance


In RAN1#94bis meeting, several companies mentioned power imbalance issue of Rel-15 DMRS design. Some possible solutions were proposed, e.g. port-specific phase rotation [3]. More specifically, the OCC for DMRS port p is defined to be , and  phase  can take value from {1, -1, j, -j}. Since one DMRS port corresponds to one layer transmission, this solution can also be called layer-specific phase rotation.
For DL, this layer specific phase rotation can be simultaneously used for both data and DMRS port as described in the following formula: 

   



wherein  is the estimation channel based on DMRS port which is multiplied by ,  y is the received data signal which is also multiplied by . The demodulation behavior of the received signal and channel is the same as legacy behavior.
In this case, there is not any standard impact. The power imbalance issue can be solved by gNB implementation as shown in Figure 2.4. 
[image: ]
Figure 2.4 layer-specific phase rotation is used for both data and DMRS port
Observation 3: The power imbalance issue for DL can be solved by gNB implementation by applying layer-specific phase rotation for both data and DMRS port.
Similarly, the solution can also be used for UL if UE has such ability to use layer-specific phase rotation for both data and DMRS port
Observation 4: The power imbalance issue for UL can be solved by UE implementation if layer specific phase rotation can be used for both data and DMRS port at the UE side.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhancement of PAPR reduction on DMRS. In addition, we provide our views on power imbalance issue.
Observation 1: In the case when Rel-15 users and Rel-16 users are co-scheduled, only RRC signaling to switch between R.15 or R.16 sequence causes the scheduling restriction if the number of layers for Rel-15 user(s) needs to be more than N, wherein N is the maximum number of DMRS ports within the first CDM group.
Observation 2: Only RRC signaling to switch between R.15 or R.16 sequence causes scheduling restriction for DPS if two coordinated TRPs are Rel-15 and Rel-16 respectively.
Proposal 1: Support RRC + 1 bit DCI to switch between R.15 or R.16 sequence for 2nd and 3rd CDM group.
Proposal 2: The sequences in Table A-1, A-2, A-3, A-4 should be adopted for length 6, 12, 18 and 24 respectively.


Proposal 3: For PUSCH transmission with subcarriers, DMRS sequence based on CGS with length  is repeated in the first half part and the second half part. OCC [1 1] and [1 -1] can be applied in two parts, each two adjacent samples or two DMRS symbols.


Proposal 4: For PUCCH transmission with subcarriers, DMRS sequence based on CGS with length  is used. OCC codes in each of two or four adjacent samples within one OFDM symbol should be used for multiplexing factor 2 or 4 respectively.
Observation 3: The power imbalance issue for DL can be solved by gNB implementation by applying layer-specific phase rotation for both data and DMRS port.
Similarly, the solution can also be used for UL if UE has such ability to use layer-specific phase rotation for both data and DMRS port
Observation 4: The power imbalance issue for UL can be solved by UE implementation if layer specific phase rotation can be used for both data and DMRS port at the UE side.
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Appendix
Table A1. New sequences for Length=6
	u
	

	PAPR

	0
	0
	0
	0
	0
	0
	1
	1.5333

	1
	0
	0
	0
	1
	0
	1
	1.5333

	2
	0
	0
	1
	0
	0
	0
	1.5333

	3
	0
	0
	1
	0
	1
	1
	1.1767

	4
	0
	0
	1
	1
	0
	1
	1.1766

	5
	0
	0
	1
	1
	1
	0
	0.7839

	6
	0
	1
	0
	0
	0
	1
	1.5333

	7
	0
	1
	0
	0
	1
	0
	0.7839

	8
	0
	1
	0
	1
	0
	0
	1.5333

	9
	0
	1
	0
	1
	1
	1
	1.5333

	10
	0
	1
	1
	0
	0
	1
	0.9858

	11
	0
	1
	1
	0
	1
	0
	0.9858

	12
	0
	1
	1
	0
	1
	1
	0.7839

	13
	0
	1
	1
	1
	1
	0
	0.9858

	14
	1
	0
	0
	0
	0
	0
	1.5333

	15
	1
	0
	0
	0
	1
	0
	1.5333

	16
	1
	0
	0
	0
	1
	1
	0.7839

	17
	1
	0
	0
	1
	1
	1
	0.9858

	18
	1
	0
	1
	0
	0
	1
	0.9858

	19
	1
	0
	1
	1
	0
	0
	1.1767

	20
	1
	0
	1
	1
	1
	1
	1.5333

	21
	1
	1
	0
	0
	0
	0
	1.1767

	22
	1
	1
	0
	0
	1
	1
	1.1767

	23
	1
	1
	0
	1
	0
	1
	1.5333

	24
	1
	1
	0
	1
	1
	0
	0.7839

	25
	1
	1
	1
	0
	0
	0
	0.7839

	26
	1
	1
	1
	0
	0
	1
	0.9858

	27
	1
	1
	1
	0
	1
	1
	1.5333

	28
	1
	1
	1
	1
	0
	0
	1.1766

	29
	1
	1
	1
	1
	0
	1
	1.5333



Table A2. New sequences for Length=12
	u
	

	PAPR

	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1.20599003

	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1.039276193

	2
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0.914118948

	3
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0.752633908

	4
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0.753594609

	5
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0.752964916

	6
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0.753126634869750

	7
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1.03926915174170

	8
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0.940521867958072

	9
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0.996039229169958

	10
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0.899228566678912

	11
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0.753115211406815

	12
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0.754184250829503

	13
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0.901964948989226

	14
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0.913669864547288

	15
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0.899115994529252

	16
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0.901964948989231

	17
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0.833445511794432

	18
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0.778264836018274

	19
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0.777939552057789

	20
	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0.837335517994684

	21
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0.801531607895113

	22
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0.837487919456358

	23
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0.833224688153580

	24
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0.00243359149184208

	25
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0.837573848922383

	26
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0.753404059900586

	27
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0.779189778719280

	28
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0.902022686394969

	29
	1
	1
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0.833710202364943



Table A3. New sequences for Length=18
	u
	

	PAPR

	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0.769158818024452

	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0.800079999030809

	2
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0.697102263976523

	3
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0.772399851199696

	4
	1
	1
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0.777920431990650

	5
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0.772399851199689

	6
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0.697155328199676

	7
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	1
	0.751725792348813

	8
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0.776003611301355

	9
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0.776004767372923

	10
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0.733940159879015

	11
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0.777882812984629

	12
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0.797872032126277

	13
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0.783729855357938

	14
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0.796000877512395

	15
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0.771576840462625

	16
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0.786239464920915

	17
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0.783728347096424

	18
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.786128183269560

	19
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0.746901554584696

	20
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0.783699364132003

	21
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0.790361102869065

	22
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0.790334323227860

	23
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	0
	1
	0
	0.751952203175244

	24
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0.781596398651528

	25
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0.796006920784566

	26
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0.787820271880386

	27
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0.743041902729739

	28
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0.795996185328914

	29
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0.738048277793657



Table A4. New sequences for Length=24
	u
	b(n), n=0,1,2,...,23
	PAPR

	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0.814686194016877

	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0.806652116914948

	2
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0.826115810605897

	3
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0.801418354064380

	4
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0.808373402292394

	5
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0.821156546698585

	6
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0.823789828171483

	7
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0.748687910096963

	8
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0.818726714061539

	9
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	0.821424606569415

	10
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.783339671426980

	11
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0.815164704185995

	12
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0.756368486193194

	13
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0.822851049693863

	14
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0.804131791567056

	15
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0.818907086785481

	16
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0.824036908041549

	17
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0.825275346671319

	18
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0.788380014435149

	19
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	0.826531885458143

	20
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0.811539016043878

	21
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0.830703155140047

	22
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0.824257208098182

	23
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0.826353555611815

	24
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0.816695734463207

	25
	0
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.795231669198216

	26
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0.790623185174175

	27
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0.824148340389806

	28
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0.826061717388679

	29
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0.813922752049467


In order to further verify the performance impact of DMRS channel estimation, we provide BLER comparison for individual sequence of length 12, 18, 24 as shown in Figure A-1, A-2 and A-3. To make the curves clear, only results of the first 8 sequences for each length are provided.

Figure A-1 Performance for first 10 sequence with length 12 in Table A2

Figure A-2 Performance for first 10 sequence with length 18 in Table A3

Figure A-3 Performance for first 10 sequence with length 24 in Table A4

Table A5. Simulation assumptions for LLS
[image: ]






TDL-C 300ns, 12km/h,CR=0.25, LDPC, 1RBs, Length-6

Rel-15 CGS	-10	-8	-6	-4	-2	0	2	0.96299999999999997	0.84599999999999997	0.60899999999999999	0.34499999999999997	0.1414	4.7399999999999998E-2	1.2999999999999999E-2	New Seq	-10	-8	-6	-4	-2	0	2	0.96299999999999997	0.85799999999999998	0.60299999999999998	0.34499999999999997	0.14199999999999999	4.58E-2	1.5299999999999999E-2	SNR[dB]


BLER




TDL-C 300ns, 12km/h,CR=0.25, LDPC, 2RBs, Length-12

Rel-15 CGS	-10	-8	-6	-4	-2	0	2	0.96599999999999997	0.84099999999999997	0.53400000000000003	0.22500000000000001	8.2799999999999999E-2	2.2599999999999999E-2	5.7000000000000002E-3	New Seq	-10	-8	-6	-4	-2	0	2	0.95799999999999996	0.83699999999999997	0.54900000000000004	0.23699999999999999	8.48E-2	2.58E-2	6.3E-3	SNR[dB]


BLER




TDL-C 300ns, 12km/h,CR=0.25, LDPC, 3RBs, Length-18

Rel-15 CGS	-10	-8	-6	-4	-2	0	2	0.95299999999999996	0.80800000000000005	0.45900000000000002	0.19900000000000001	6.4000000000000001E-2	1.9900000000000001E-2	5.1999999999999998E-3	New Seq	-10	-8	-6	-4	-2	0	2	0.96299999999999997	0.81699999999999995	0.47599999999999998	0.20799999999999999	7.5399999999999995E-2	2.53E-2	5.8999999999999999E-3	SNR[dB]


BLER




TDL-C 300ns, 12km/h,CR=0.25, LDPC, 3RBs, Length-18

Rel-15 CGS	-10	-8	-6	-4	-2	0	2	0.95299999999999996	0.80800000000000005	0.45900000000000002	0.19900000000000001	6.4000000000000001E-2	1.9900000000000001E-2	5.1999999999999998E-3	New Seq	-10	-8	-6	-4	-2	0	2	0.96299999999999997	0.81699999999999995	0.47599999999999998	0.20799999999999999	7.5399999999999995E-2	2.53E-2	5.8999999999999999E-3	SNR[dB]


BLER




TDL-C 300ns, 12km/h,CR=0.25, LDPC,  Length-12

Rel-15 CGS	-10	-8	-6	-4	-2	0	2	0.96599999999999997	0.84099999999999997	0.53400000000000003	0.22500000000000001	8.2799999999999999E-2	2.2599999999999999E-2	5.7000000000000002E-3	u=0	-10	-8	-6	-4	-2	0	2	0.96599999999999997	0.82399999999999995	0.53600000000000003	0.22500000000000001	8.4400000000000003E-2	2.4E-2	4.7000000000000002E-3	u=1	-10	-8	-6	-4	-2	0	2	0.96399999999999997	0.82299999999999995	0.53500000000000003	0.221	7.4399999999999994E-2	2.1999999999999999E-2	4.8999999999999998E-3	u=2	-10	-8	-6	-4	-2	0	2	0.96799999999999997	0.81899999999999995	0.55800000000000005	0.222	8.3599999999999994E-2	2.35E-2	5.1000000000000004E-3	u=3	-10	-8	-6	-4	-2	0	2	0.97	0.82499999999999996	0.54	0.218	8.4199999999999997E-2	2.1999999999999999E-2	4.5999999999999999E-3	u=4	-10	-8	-6	-4	-2	0	2	0.96	0.81899999999999995	0.54100000000000004	0.224	8.2400000000000001E-2	2.1999999999999999E-2	4.1000000000000003E-3	u=5	-10	-8	-6	-4	-2	0	2	0.95899999999999996	0.82099999999999995	0.53800000000000003	0.217	8.48E-2	2.23E-2	4.7000000000000002E-3	u=6	-10	-8	-6	-4	-2	0	2	0.96099999999999997	0.82599999999999996	0.54500000000000004	0.22500000000000001	8.5400000000000004E-2	2.3099999999999999E-2	4.7999999999999996E-3	u=7	-10	-8	-6	-4	-2	0	2	0.96099999999999997	0.81299999999999994	0.53	0.23100000000000001	8.14E-2	2.3099999999999999E-2	5.3E-3	SNR[dB]


BLER




TDL-C 300ns, 12km/h,CR=0.25, LDPC,  Length-18

Rel-15 CGS	-10	-8	-6	-4	-2	0	2	0.95299999999999996	0.80800000000000005	0.45900000000000002	0.19900000000000001	6.4000000000000001E-2	1.9900000000000001E-2	5.1999999999999998E-3	u=0	-10	-8	-6	-4	-2	0	2	0.96899999999999997	0.8	0.45200000000000001	0.19500000000000001	6.3200000000000006E-2	1.7399999999999999E-2	4.7000000000000002E-3	u=1	-10	-8	-6	-4	-2	0	2	0.97599999999999998	0.80800000000000005	0.45400000000000001	0.2	6.8199999999999997E-2	1.9699999999999999E-2	4.7000000000000002E-3	u=2	-10	-8	-6	-4	-2	0	2	0.97399999999999998	0.8	0.46300000000000002	0.19800000000000001	6.9199999999999998E-2	1.9699999999999999E-2	5.1999999999999998E-3	u=3	-10	-8	-6	-4	-2	0	2	0.97	0.79200000000000004	0.45900000000000002	0.187	6.8000000000000005E-2	1.54E-2	3.8E-3	u=4	-10	-8	-6	-4	-2	0	2	0.97	0.78	0.44	0.21099999999999999	6.2E-2	1.7500000000000002E-2	4.7000000000000002E-3	u=5	-10	-8	-6	-4	-2	0	2	0.97299999999999998	0.80200000000000005	0.44600000000000001	0.20699999999999999	6.7599999999999993E-2	1.9099999999999999E-2	4.8999999999999998E-3	u=6	-10	-8	-6	-4	-2	0	2	0.96699999999999997	0.79800000000000004	0.44600000000000001	0.20100000000000001	6.4199999999999993E-2	1.9599999999999999E-2	4.5999999999999999E-3	u=7	-10	-8	-6	-4	-2	0	2	0.97299999999999998	0.80500000000000005	0.441	0.20300000000000001	6.7000000000000004E-2	2.0199999999999999E-2	4.5999999999999999E-3	SNR[dB]


BLER




TDL-C 300ns, 12km/h,CR=0.25, LDPC,  Length-24

Rel-15 CGS	-10	-8	-6	-4	-2	0	2	0.96299999999999997	0.76100000000000001	0.40799999999999997	0.151	5.8000000000000003E-2	1.7299999999999999E-2	4.3E-3	u=0	-10	-8	-6	-4	-2	0	2	0.96599999999999997	0.77	0.42899999999999999	0.17499999999999999	6.6000000000000003E-2	1.8100000000000002E-2	5.5999999999999999E-3	u=1	-10	-8	-6	-4	-2	0	2	0.96599999999999997	0.79300000000000004	0.44500000000000001	0.156	6.7799999999999999E-2	1.9099999999999999E-2	4.3E-3	u=2	-10	-8	-6	-4	-2	0	2	0.96399999999999997	0.77	0.45500000000000002	0.16400000000000001	6.2799999999999995E-2	1.9300000000000001E-2	4.7999999999999996E-3	u=3	-10	-8	-6	-4	-2	0	2	0.96699999999999997	0.76900000000000002	0.44600000000000001	0.17100000000000001	6.4199999999999993E-2	1.7399999999999999E-2	5.1000000000000004E-3	u=4	-10	-8	-6	-4	-2	0	2	1	u=5	-10	-8	-6	-4	-2	0	2	1	u=6	-10	-8	-6	-4	-2	0	2	0.96699999999999997	0.77600000000000002	0.441	0.16900000000000001	6.4799999999999996E-2	1.8800000000000001E-2	5.5999999999999999E-3	u=7	-10	-8	-6	-4	-2	0	2	0.95899999999999996	0.77400000000000002	0.433	0.17199999999999999	6.5600000000000006E-2	2.01E-2	5.3E-3	SNR[dB]


BLER




1

image2.jpeg
TRP1: Rel-15 base station

or 4layers transmission

TRPO: Rel-16 base station

Slot 1

Slot 0




image3.emf
Length

6

12

18

24

PAPR

Min

0.7839

0.024

0.6971

0.7487

Mean

1.2026

0.8326

0.7704

0.8105

Max

1.5333

1.206

0.8001

0.8307

XCorr

Min

0

0

0

0

Mean

0.4065

0.2253

0.1724

0.1396

Max

0.7816

0.6667

0.4444

0.5000


image4.emf
Length

12

18

24

PAPR

Min

0.0008

0.7340

0.7334

Mean

1.1893

1.2359

1.2893

Max

1.9607

2.1656

2.1306


image5.wmf
PUSCH

SC

M


oleObject1.bin

oleObject2.bin

image6.wmf
PUSCH

SC

M


oleObject3.bin

image7.wmf
2

/

PUSCH

SC

M


oleObject4.bin

oleObject5.bin

oleObject6.bin

image8.wmf
PUCCH

SC

M


oleObject7.bin

oleObject8.bin

image9.wmf
)

(

m

w

n


oleObject9.bin

image10.wmf
n


oleObject10.bin

image11.wmf
n

w


oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

image12.wmf
PUCCH

SC

M


oleObject15.bin

image13.wmf
PUCCH

SC

M


oleObject16.bin

image14.wmf
)

'

(

)

'

(

l

w

k

w

e

t

f

j

p

×

×

q


oleObject17.bin

image15.wmf
p

j

e

q


oleObject18.bin

image16.wmf
data

j

data

j

j

s

e

H

s

e

H

H

y

e

H

H

=

×

×

×

=

×

=

Ù

Ù

q

q

q


oleObject19.bin

image17.wmf
H

ˆ


oleObject20.bin

image18.wmf
q

j

e


oleObject21.bin

image19.wmf
q

j

e


oleObject22.bin

image20.png
Pawer per RE per Tx

of[afb o [af4
1 1
2 cld 2 [ a4
a b ¢ d 3 3
port0 1 [1[1[1[1 4]alb e[ a4
portl 3 [ 3] [-j 5 5
portd i 6 cld 6 4[4
ports -1 [ -1 1 7 7
g8 alb 8 a4
9 9
10 [ c[d 1044
11 11





oleObject23.bin

oleObject24.bin

oleObject25.bin

oleObject26.bin

image21.wmf
5

,

4

,

3

,

2

,

1

,

0

),

(

=

n

n

b

u


oleObject27.bin

image22.wmf
11

,...,

2

,

1

,

0

),

(

=

n

n

b

u


oleObject28.bin

image23.wmf
17

,...,

2

,

1

,

0

),

(

=

n

n

b

u


oleObject29.bin

image24.emf
Parameters

Values

System Bandwidth

20MHz

Numerology

30 KHz SCS

Channel

TDL-C 300ns

Number of Antennas

UE Tx=1, 

gNB

 Rx =4

PUSCH duration

11 OFDM symbols, with one front-loaded DMRS symbols symbol

Number of UEs

1 UE

# RBs for PUSCH

1/2/3/4 RBs

Carrier Frequency

4 GHz

Coding rate

0.25

Coding 

NR LDPC + CRC

UE Speed

12 

Km/h

 


image1.png
[p4/25





