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In NR it was agreed that:
	Agreement in RAN1#AdHoc2:
· NR supports at least the following SRS sequences
· LTE SRS sequences
· Study further whether or not to additionally support the following for NR SRS sequence design:
· Opt-1: Truncated ZC design
· Set of [60] long ZC sequences designed for each of [5] different reference carrier bandwidths where the sequence length exceeds the carrier bandwidth before truncation
· The portion of the truncated sequence corresponds to the SRS PRB location assigned to the UE
· Ports on the same comb are separated by cyclic shifts which are repeated every n SRS REs, e.g. n=[8,12]
· Opt-2: block-wise concatenation based ZC sequence generation
· The number of blocks (e.g. 1, 2, …) and/or block length (e.g. 4RBs, 8RBs, …) per each block is informed to UE
· Alt1. the number of blocks and/or block length are configured by network. If 1 block is configured, SRS sequence for NR is the same as LTE SRS sequence
· Alt2. Implicit signaling e.g. the number of blocks and block length are dependent on waveform. When DFT-S-OFDM is configured to UE, the number of block is one and the block length is equal to SRS BW; When CP-OFDM is configured, the number of blocks can be larger than 1
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots
· To conclude during the next meeting
· Evaluations to consider at least CM/PAPR and sequence cross-correlation for the case of fully and partially overlapping SRS allocations
· Evaluations to further consider CM/PAPR for carrier bandwidths different than the reference ones
Agreement in RAN1#89:
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using
· RRC
· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling
· FFS: for combination of RRC and DCI
· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time
· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed
· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence
· FFS: sub-time-units for SRS (if supported), SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.

Agreement in RAN1#88b:
· Scheduling SRS resources to multiple UEs where the resources have full and/or partial overlap of SRS time-frequency resources (REs) is supported, where
· The multiple SRS resources can share the same root sequence values in the overlapping REs to allow for low or zero mutual cross-correlation
· FFS: Minimum overlap granularity to ensure zero cross-correlation
· FFS: Detailed sequence design taking into account at least Cubic Metric, PAPR, and cross-correlation properties amongst overlapping SRS resources

Agreement in RAN1#AdHoc:
· To down-select one method for NR SRS sequence generation based on at least the following alternatives:
· Alt-1: SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position. 
· Sequence design and other design details are FFS.
· Alt-2: SRS sequence is a function of the sounding bandwidth position or the PRB position.
· Sequence design and other design details are FFS.
· Taking into account metrics such as PAPR, capacity/flexibility, etc.
· Other parameters, if any, determining SRS sequence are FFS (e.g. SRS sequence ID)



In this contribution we provide our views on SRS sequence design. 
LTE-like SRS sequence design
LTE-like SRS ZC sequence root number
In previous meetings, it is agreed that at least the same LTE SRS sequences with Zadoff-Chu (ZC) sequence is supported, and potentially with additional ZC roots. In LTE, a total of 30 roots are used for both computer searched QPSK sequence with length below 36 and ZC sequence with length above and equal to 36 [1]. For sequence length larger than or equal to 72 with sequence hopping, the total available root number is increased to 60. Table 1 shows maximum LTE sequence root number for each sequence length range.
Table 1. LTE ZC Sequence Root Number
	ZC length
	36-60
	72-Lmax

	Max #Roots
	30
	60


NR supports wider bandwidth operations for higher frequency transmission. Up to 400MHz channel bandwidth are considered per NR carrier in Release 15. At least for single numerology case, candidates of the maximum number of subcarriers per NR carrier can be 3300 or 6600 in Rel-15 [2]. Potentially larger SRS sequence length can be achieved and hence additional degrees of freedom to choose sequence roots is made possible. NR also supports twice as many physical cells as in LTE  [3], much larger UE connection density of 1,000,000  devices/km2 [4], and potentially more SRS ports of up to 8 (FFS) [5] compared to a maximum of 4 in LTE. To multiplex more SRS sequences in scenarios with such enhanced connectivity, more roots are required to generate more sequences. Moreover, from reuse distance point of view, the network has a reuse set of size of 30 cells in LTE when 30 roots are used. In NR, with independence of the SRS sequences from cell IDs and potentially much denser sequence root geographical distribution, more roots are needed to provide enough freedom in SRS root assignment to different UEs and facilitate maintaining a root reuse distance similar to or better than in LTE.
Observation 1: More ZC roots in NR than in LTE should be supported.
For 100 PRB UL bandwidth case in LTE, the possible PRB sizes of UE SRSs are [4, 8, 12, 16, 20, 24, 32, 36, 40, 48, 60, 64, 72, 80, 96]. Considering comb size 2 and 4, all possible SRS sequence lengths are [36, 48, 60, 72, 96, 108, 120, 144, 180, 192, 216, 240, 288, 360, 384, 432, 480, 576]. We propose the following maximum ZC sequence root number distribution for NR in Table 2 for adding one more maximum root number for length above and equal 144.
Table 2. NR ZC Sequence Root Number for LTE-like Design
	SRS length
	36-60
	72-120
	144 and above

	ZC Max #Roots
	30
	60
	120


Proposal 1: For NR LTE-like SRS sequence design, ZC root number allocation as in Table 2 can be supported.
LTE-like SRS ZC sequence root selection






In LTE, the minimum SRS sequence length that uses ZC sequence is 36. For SRS length of at least 36 and smaller than 72, 30 roots with and  are selected roughly uniformly over the ZC sequence length of which is the largest prime number smaller than the SRS sequence length. For SRS sequence length 72 and above with sequence hopping enabled, these 30 roughly uniformly placed roots can be extended to 60 roots by adding one neighboring root to each of the original 30 roots according to where  is obtained from the LTE random sequence generator [1].
Selection of root set for each sequence length for lower cross correlation
For LTE-like design in NR the general principle to pick roots for each sequence length is to make the cross correlation values between roots as low as possible. The number of all possible selected roots may be large and calculating all possible cross-correlations that consider all cyclic shifts, combs, and partial overlaps with sequences of the same and different lengths to obtain the optimal roots is not be feasible. Assuming Table 2 is used, one way to obtain good root selection for each sequence length is described as follows:
· Do root selection for sequence length equal to larger than 36 as follows:
· For each root of each sequence length, the mean cross correlation values are obtained between the generated sequences and the other sequence with equal or smaller length. Results are averaged over different combinations of comb sizes, cyclic shifts, roots of the other sequences with equal or smaller lengths, and (partial) overlapping patterns.
· Note: When cross correlating the generated sequence with another sequence , if the length of  is smaller than the length of  ,  is not considered in cross correlation calculation if it is not selected in previous loops of the root selection algorithm. 
· Select a group of 30 (if length<=60) or 60 (if 120 >= length>=72) or 120 (if length >= 144) roots out of all possible roots with smallest mean cross correlation values.
The mean cross correlation values of every root (selected and non-selected) of each sequence length in the above described root selection algorithm are plotted in Table 2. For each sequence length, the ratio of the maximum mean cross correlation among all roots to the minimum mean cross correlation among all roots is at most 0.09dB. This results in the following observation:
Observation 2: The selection of group of roots in LTE-like design is not sensitive in terms of average cross correlation.
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Figure 1. Inter-root cross correlation
Sequence root selection for LTE-like sequence design
Due to the fact that ZC roots provide similar average cross correlation properties, either of the following root generation mechanisms can be used for LTE-like SRS:
Proposal 2: Either of the following methods P1 and P2 can be used to generate ZC root for each SRS sequence length.
· P1: Similar root selection principle as in LTE using sequence hopping for sequence length larger than 60. In this case, ZC sequence root  is given by:
P1-1) For SRS sequence length 36-60:
· 


 where  and . 
P1-2) For SRS sequence length 72-120:
· 



where  , , and .
P1-3) For SRS sequence length larger or equal to 144:
· 



where  , , and .
· P2: Equal interval between two subsequent roots for any SRS sequence length. In this case, the ZC sequence root  is given by:
P2-1) For SRS sequence length 36-60:
· 


 where  and . 
P2-2) For SRS sequence length 72-120:
· 


 where  , .
P2-3) For SRS sequence length larger or equal to 144:
· 


 where  , .



Note that P1 is a natural extension to LTE root selection: P1-1 and P1-2 provide sets of roots identical to LTE for SRS sequence lengths of 36-60 and 72-120, respectively. Moreover, P1-3 provides a set of 60 roots identical to LTE for the case that sequence hopping is enabled in addition to 60 other distinct roots derived when or . In case of P1-3, can be obtained, for instance, from two consecutive binary digits of the LTE random sequence generator with mapping binary number 11 to -1. 





Numbers 71 and 139 in denominators of expressions in P2-2 and P2-3 are selected as the largest prime numbers less than 72 and 144, respectively. The generation formula of parameters u and v in P2-2 and P2-3 may, for instance, follow [1] with slight modifications: When the base sequence number is increased from 30 to or , functions like or  in [1] should be updated accordingly to or .
Truncated ZC sequence design
In LTE, SRS sequence design is non resource specific, which means that sequence generation of circularly extended ZC is independent of resource location; therefore only multiplexing of fully overlapping of SRS time-frequency resources for different UEs by cyclic shift is supported. 
However, NR supports diverse application scenarios in a wide carrier [6], e.g. reduced UE bandwidth capability scenario and reduced UE energy consumption by means of bandwidth adaptation. Therefore, in NR, a UE can transmit/receive with its UE-specifically configured UL/DL bandwidth part (BWP) which could be smaller than the carrier bandwidth. This new feature will put extra constraints on SRS resource scheduling. SRS resources from UEs configured with different BWP cannot be orthogonal multiplexed by the same/different cyclic shift of same comb because frequency hopping collision will happen otherwise (Figure 2), so they could only be multiplexed in different combs or different slots. 
Considering the system forward capability, if NR would support diversified devices with different transmission capabilities in a wide carrier, the inflexibility of multiplexing may cause many resource fragments or large amount of signalling to indicate multiplexing of SRS and other channels due to the potentially unbalanced distribution of UEs with different transmission capability. Accordingly, the need to support orthogonal multiplexing of partially overlapped SRS resources by cyclic shift becomes demanding in NR, which is also a scenario agreed to be taken into account in RAN1 #88b. As shown in Figure 3, multiplexing of UEs with partially overlapped BWP by different cyclic shift of same comb could greatly increase the scheduling flexibility.
Proposal 3: NR should support orthogonal multiplexing of SRS resources from UEs having partial overlapped SRS time-frequency resources.
[image: D:\6_3GPP Tdoc\RAN1 90\SRS sequence\Figure 1.png]     [image: D:\6_3GPP Tdoc\RAN1 90\SRS sequence\Figure 2.png]
Figure 2. Frequency hopping collision.                        Figure 3. SRS scheduling flexibility.
Therefore, various SRS sequence generation approaches which are resource specific to tackle the ‘partially overlapping SRS’ problem have been proposed, e.g. block concatenated ZC sequences [7][8] and truncated ZC sequences [9]. We will evaluate and compare the candidate solutions in this section. Since no specific designs for some solutions have been provided, some examples from our perspective are presented to show their general characteristics and performances. In order to compare with LTE ZC sequence which is the baseline, we choose a sequence group of capacity 30 for each solution in evaluation, but larger sequence capacity is expected in NR.  
	Option 1: Non resource specific, block concatenated ZC sequences.
Option 2: Resource specific, block concatenated ZC sequences.
	Same root in different blocks, and different time domain cyclic shift in different blocks.
Option 3: Resource specific, long truncated ZC sequences.


Candidate solutions
Non resource specific, block concatenated ZC sequences
As introduced in [7], for a certain sounding bandwidth, there are two ways to generate the sequences: one way is the LTE ZC based sequence; the other is the concatenation of several blocks and LTE ZC based sequences are also adopted in each block. Signalling is needed to inform UEs which sequence generation method to use. 
In the system, if only fully overlapping sounding resource scheduling is required in some subbands, a UE generates a SRS symbol with LTE ZC based sequences. When UEs with partially overlapping SRS resources should be orthogonal multiplexed, block concatenated ZC sequences will be utilized. 
In terms of the block concatenation method, if the size of the overlapped sounding bandwidth and block numbers can be variable to facilitate very flexible scheduling, the structure of the sequence could be very fragmented, and it may need considerable signalling overhead. Therefore, it is reasonable to constrain the number of blocks for each sounding bandwidth with some sacrifice on scheduling flexibility, e.g. 2 blocks of equal size (Figure 4).
Observation 3: For Option 1 (non resource specific, block concatenated ZC sequences), limiting block number and/or block size for each sounding bandwidth may be necessary to reduce signalling overhead.
[image: D:\6_3GPP Tdoc\RAN1 90\SRS sequence\Figure 3.png]
Figure 4. Option 1: non resource specific, block concatenated ZC sequences.
Example of Option 1 for evaluation
For PAPR/CM may increase due to block concatenation, one efficient approach is to apply ramping phase to each block. The specific example is as follows. For partially overlapping SRS scheduling scenarios, each sounding band is divided into two blocks of equal size. The sequence is generated by concatenating two blocks of same ZC sequence which is circularly extended, then multiplying ramping phase  to each block where for the first block and  for the second block. Particularly, when the sequence length for a sounding bandwidth is 6, 12, 18 or 24, each block contains a QPSK sequence in LTE.
Resource specific, block concatenated ZC sequences
As introduced in [8], a mother sequence which is a concatenation of blocks with 4 PRB granularity is defined for the full band. In order to maintain good PAPR/CM property, each block contains same ZC sequence and is then multiplied by different ramping phase corresponding to time domain cyclic shift. In both fully/partially overlapping sounding resource scheduling scenarios, the SRS sequence is truncated from the mother sequence depending on the resource location of SRS resource. 
Therefore a group of short ZC sequences (e.g. 12 length ZC for a 4PRB block with comb 4) and a sequence cyclic shift pattern for each block will be found for a certain system bandwidth. Generally, the PARP/CM property gets worse with increasing whole band block numbers for different NR carrier bandwidths.
Observation 4: For Option 2 (resource specific, block concatenated ZC sequences), the sequence cyclic shift pattern may adapt to total RE number of a NR carrier in order to achieve good PARP/CM performance in each case.
[image: D:\6_3GPP Tdoc\RAN1 90\SRS sequence\Figure 4.png]
Figure 5. Option 2: resource specific, block (4 PRB granularity) concatenated ZC sequences.
Example of Option 2 for evaluation
It has been agreed that ZC sequence should be supported for SRS sequence. The sequence capacity is not adequate for 4PRB block size with comb 4 if circularly extended ZC is used. Thus we obtain a 30 group of truncated ZC sequences. ZC length is 163, and ZC root is as following {11, 12, 13, 14, 15, 16, 17, 36, 49, 50, 59, 60, 61, 73, 74, 75, 88, 89, 90, 102, 103, 104, 113, 114, 127, 146, 147, 148, 149, 150}. The ZC sequence of length 12 in the ith block is multiplied with phase shift, where.
Resource specific, long truncated ZC sequences
As introduced in [9], a mother sequence which is a truncated ZC sequence is defined for the whole band. In both fully/partially overlapping sounding resource scheduling scenarios, the SRS sequence is truncated from the mother sequence depending on the resource location of SRS resource. 
A group of long ZC sequences with same length and different roots satisfying 1) PAPR/CM requirement for whose segments with system supported SRS sequence lengths and 2) sequence capacity can be found by computer search. Based on experience, generally, the cross-correlation property will become worse with more SRS bandwidth cases tested for PAPR/CM, and the truncated ZC group could be obtained optimally for different NR carrier bandwidth.
Observation 5: For Option 3 (resource specific, long truncated ZC sequences), the truncated ZC group may at least adapt to total RE number of a NR carrier in order to achieve good cross-correlation performance in each case.
[image: D:\6_3GPP Tdoc\RAN1 90\SRS sequence\Figure 5.png]
Figure 6. Option 3: resource specific, long truncated ZC sequences.
Example of Option 3 for evaluation
We obtain a 30 group of truncated ZC sequences. ZC length is 829 and ZC root is as following {45, 56, 67, 78, 114, 133, 149, 154, 193, 251, 303, 344, 359, 374, 389, 437, 445, 457, 481, 523, 572, 588, 648, 676, 695, 703, 741, 752, 767, 779}.
Evaluation metrics
For partially overlapping scenarios in NR, metrics, PAPR/CM, cross-correlation and sequence capacity need to be considered. Low PAPR/CM property is necessary in order to ensure good coverage of SRS in uplink, and good cross-correlation between sequences guarantees small SRS inter-cell interference. 
Besides, other metrics with respect to sequence design, e.g., sequence capacity, scheduling flexibility, sequence generation complexity and signalling overhead should be taken into account.
Evaluation results
Evaluation setting refers to Appendix A, and the baseline is LTE ZC sequences.
PAPR/CM property
  [image: ]  [image: ]
Figure 7. PAPR/CM performance (CDF) in partially overlapping scenario.

Table 3. Average PAPR/CM performance in partially overlapping scenario.
	
	LTE ZC
	Option 1
	Option 2
	Option 3

	Average PAPR(dB)
	4.05
	5.51
	5.04
	4.49

	Average CM(dB)
	0.81
	2.10
	1.70
	1.39



Observation 6: For partially overlapping scenario, w.r.t. PAPR/CM, we observe that 
· Option 1 has 1.46dB degradation in PAPR and 1.29dB degradation in CM compared to LTE ZC, and very high PAPR/CM value may occur in some cases.
· Option 2 has 1dB degradation in PAPR and 0.89dB degradation in CM compared to LTE ZC, and very high CM value may occur in some cases.
· Option 3 has almost 0.5dB degradation in PAPR/CM compared to LTE ZC, and maximum PAPR/CM value is nearly the same as LTE ZC. 
Cross-correlation property
[image: ]
Figure 8. Cross-correlation performance in partially overlapping scenario.
Observation 7: For partially overlapping scenario, w.r.t cross-correlation, we observe that 
· Option 1 has same cross-correlation property with LTE ZC.
· Option 2 has worse cross-correlation property with LTE ZC.
· Option 3 has nearly the same cross-correlation property with LTE ZC. 
Scheduling flexibility
As illustrated in Figure 7, LTE ZC has normal SRS scheduling flexibility. The examples of Option 1 presented in this paper have moderate SRS scheduling flexibility in order to limit signalling overhead in an acceptable level. And Option 2 and Option 3 designs can enable fully SRS scheduling flexibility. 
[image: D:\6_3GPP Tdoc\RAN1 90\SRS sequence\Figure 6.png]
Figure 7. SRS scheduling flexibility.
Based on all the evaluation results above, we conclude that:
	Candidate solutions
	PAPR/CM
	Inter-cell interference
	Sequence capacity
	Sequence generation complexity
	Signalling overhead
	Scheduling flexibility

	Option 1
	High
	Low
	Limited for small RB allocation
	Medium
	Yes
	Moderate

	Option 2
	Medium
	High
	Limited
	Medium
	No
	Good

	Option 3
	Low
	Low
	Adequate
	Low
	No
	Good


Proposal 4: NR should support both LTE-like ZC sequences and long truncated ZC sequences for SRS sequence design.
[bookmark: _Ref129681832]Conclusion
Based the discussions above, we have the following observations and proposals:
Observation 1: More ZC roots in NR than in LTE should be supported.
Observation 2: The selection of group of roots in LTE-like design is not sensitive in terms of average cross correlation.
Observation 3: For Option 1 (non resource specific, block concatenated ZC sequences), limiting block number and/or block size for each sounding bandwidth may be necessary to reduce signalling overhead.
Observation 4: For Option 2 (resource specific, block concatenated ZC sequences), the sequence cyclic shift pattern may adapt to total RE number of a NR carrier in order to achieve good PARP/CM performance in each case.
Observation 5: For Option 3 (resource specific, long truncated ZC sequences), the truncated ZC group may at least adapt to total RE number of a NR carrier in order to achieve good cross-correlation performance in each case.
Observation 6: For partially overlapping scenario, w.r.t. PAPR/CM, we observe that 
· Option 1 has 1.46dB degradation in PAPR and 1.29dB degradation in CM compared to LTE ZC, and very high PAPR/CM value may occur in some cases.
· Option 2 has 1dB degradation in PAPR and 0.89dB degradation in CM compared to LTE ZC, and very high CM value may occur in some cases.
· Option 3 has almost 0.5dB degradation in PAPR/CM compared to LTE ZC, and maximum PAPR/CM value is nearly the same as LTE ZC. 
Observation 7: For partially overlapping scenario, w.r.t cross-correlation, we observe that 
· Option 1 has same cross-correlation property with LTE ZC.
· Option 2 has worse cross-correlation property with LTE ZC.
· Option 3 has nearly the same cross-correlation property with LTE ZC. 

Proposal 1: For NR LTE-like SRS sequence design, ZC root number allocation as in Table 2 can be supported.
Proposal 2: Either of the following methods P1 and P2 can be used to generate ZC root for each SRS sequence length.
· P1: Similar root selection principle as in LTE using sequence hopping for sequence length larger than 60. In this case, ZC sequence root  is given by:
P1-4) For SRS sequence length 36-60:
· 


 where  and . 
P1-5) For SRS sequence length 72-120:
· 



where  , , and .
P1-6) For SRS sequence length larger or equal to 144:
· 



where  , , and .
· P2: Equal interval between two subsequent roots for any SRS sequence length. In this case, the ZC sequence root  is given by:
P2-4) For SRS sequence length 36-60:
· 


 where  and . 
P2-5) For SRS sequence length 72-120:
· 


 where  , .
P2-6) For SRS sequence length larger or equal to 144:
· 


 where  , .
Proposal 3: NR should support orthogonal multiplexing of SRS resources from UEs having partial overlapped SRS time-frequency resources.
Proposal 4: NR should support both LTE-like ZC sequences and long truncated ZC sequences for SRS sequence design.
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Appendix A. Evaluation setting
	SRS bandwidths set
	{1,2,3,4,5,6,8,9,10,12}*4RB

	Comb level
	4

	Cross-correlation evaluation method
	

	Evaluation scenarios
	








image2.wmf
31

)

1

(

RS

ZC

+

×

=

u

N

q


image38.emf
UE 1

UE 2

Cell 1

Cell 2

RB #1 RB #2 RB #3 RB #4 RB #5

freq

freq

Fully overlapping scheduling scenario


Microsoft_Visio_Drawing1111.vsdx
UE 1
UE 2
Cell 1
Cell 2
RB #1
RB #2
RB #3
RB #4
RB #5
freq
freq
Fully overlapping scheduling scenario



image39.emf
UE 1

UE 2

Cell 1

Cell 2

RB #1 RB #2 RB #3 RB #4 RB #5

freq

freq

Partially overlapping scheduling scenario


Microsoft_Visio_Drawing2222.vsdx
UE 1
UE 2
Cell 1
Cell 2
RB #1
RB #2
RB #3
RB #4
RB #5
freq
freq
Partially overlapping scheduling scenario



oleObject2.bin

image3.wmf
{

}

29

,

,

1

,

0

K

Î

u


oleObject3.bin

image4.wmf
RS

ZC

N


oleObject4.bin

image5.wmf
ë

û

ë

û

q

v

q

q

2

)

1

(

2

1

-

×

+

+

=


oleObject5.bin

image6.wmf
{

}

1

,

0

Î

v


oleObject6.bin

image7.png
jon of each root

g

0.075.

0.07

0.04

0.035

0.03

0.025

=48, maxCC/minCC = 0.0307 dB

—— L=60, maxCC/minCC = 0.0807 dB.

2, maxCC/minCC = 0.0562 dB.
=96, maxCC/minCC = 0.0481 dB
108, maxCC/minCC = 0.0901 dB.
120, maxCC/minCC = 0.0418 dB.
144, maxCC/minCC = 0.0424 dB.
180, maxCC/minCC = 0.0672 dB.
192, maxCC/minCC = 0.0646 dB.
=216, maxCC/minCC = 0.0485 dB
=240, maxCC/minCC = 0.0597 dB
=288, maxCC/minCC = 0.0517 dB

100

150
root index

200 250





image8.wmf
ë

û

2

1

+

=

q

q


oleObject7.bin

image9.wmf
31

)

1

(

RS

ZC

+

×

=

u

N

q


oleObject8.bin

oleObject9.bin

image10.wmf
ë

û

ë

û

q

v

q

q

2

)

1

(

2

1

-

×

+

+

=


oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

image11.wmf
31

)

1

(

RS

ZC

+

×

=

u

N

q


oleObject15.bin

image12.wmf
{

}

29

,

,

1

,

0

K

Î

u


oleObject16.bin

image13.wmf
{

}

2

,

1

,

0

,

1

-

Î

v


oleObject17.bin

oleObject18.bin

image14.wmf
31

)

1

(

RS

ZC

+

×

=

u

N

q


oleObject19.bin

oleObject20.bin

image15.wmf
ë

û

2

1

+

=

q

q


oleObject21.bin

image16.wmf
71

)

1

(

RS

ZC

+

×

=

u

N

q


oleObject22.bin

image17.wmf
{

}

59

,

,

1

,

0

K

Î

u


oleObject23.bin

image18.wmf
ë

û

2

1

+

=

q

q


oleObject24.bin

image19.wmf
139

)

1

(

RS

ZC

+

×

=

u

N

q


oleObject25.bin

image20.wmf
{

}

119

,

,

1

,

0

K

Î

u


oleObject26.bin

image21.wmf
1

-

=

v


oleObject27.bin

image22.wmf
2

=

v


oleObject28.bin

image23.wmf
v


oleObject29.bin

image24.wmf
q


oleObject30.bin

image25.wmf
30

mod

X


oleObject31.bin

image26.wmf
ë

û

30

/

X


oleObject32.bin

image27.wmf
y

X

mod


oleObject33.bin

image28.wmf
ë

û

y

X

/


oleObject34.bin

image29.png
UE1BWP

UE2/UE3 BWP

Comb 0

cso

Comb0
cso

vEL

ue2

uEs.

vEL

uEs.

ue2

Frequency I
hopping [

SRS slot 0

SRS slot 1

Hopping
collision




image30.png
Bandwidth of
BWP: N RB

Bandwidth of
BWP: N/2 RB

CS0 Cs1 Cs2 CS3 CS4 Cs5 Cs6 Cs7

Comb 0

N RB




image31.png
Comb 0
Multiplexing €S0 CS1 CS2 CS3 CS4 CS5 CS6 CS7

Sequtﬁe Cso

Sequence CS1

UE1 UE2 UE3




image32.png
Comb 0
Multiplexing CS0 CS1 CS2 CS3 CS4 CS5 CS6 CS7

Sequence CSO

Sequence CS1

Sequence CS2

Sequence CS6
Sequence CS7

UE1l UE2 UE3 UE4





image33.png
Comb#0
CS1 CS2 CS3 CS4 CS5

cso Cs6 CS7
Full band
sequence
(For comb 4)

UEO UE1l UE2 UE3




image34.png
F

03

08

07

08

0s

04

03

0z

01

Partially Overlap

——mEze
——Option 1
——— Option 2
—Option 3

5
PAPR/[dB]




image35.png
Flx)

Partially Overlap

0sb

0sb

07k

osh

04l

0ab

0z

——mEze
——Option 1
——— Option 2
—Option 3

CMIdB]

4 45




image36.png
F

Partially Overlap

o3|

sl

07|

sl

04l

sl

0z|

01

——EzC
—— option 1
——— option 2
——option 3

[ 06
Normalized Cross Correlation

07

[

03 1




image37.png
Comb 0 Comb 0 Comb 0
CSO0 Cs1 Cs2 Cs3 Cs4 Cs5 CS6 Cs7 CS0 Cs1 Cs2 (CS3 Cs4 CS5 Cse6 Cs7 CSO0 CS1 Cs2 Cs3 Cs4 CS5 Cs6 Cs7
UE| [UE| [UE| |UE
5 7 9 1
UE| [UE| [UE| |UE
6 8 10| |12
UEl UE2 UE3 UE4
One UE per CS Two UEs per CS

Normal

Moderate

Good




image1.wmf
ë

û

2

1

+

=

q

q


oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

oleObject43.bin

oleObject44.bin

oleObject1.bin

oleObject45.bin

oleObject46.bin

oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

oleObject52.bin

oleObject53.bin

oleObject54.bin

