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1. Introduction
In RAN1#97 meeting [1], following agreements were made on the structure of UL channels and signals in NR-U, especially for the PUCCH formats. 

	Agreement:
Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· Mapping to physical resources of one full interlace in 20 MHz.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads

Agreement:
For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM



In this contribution, we discuss on the design of UL channels and signals (e.g. PUSCH, PUCCH, and SRS) for NR-U operation.

2. UL channel structure
This section describes UL channel structure of PUSCH and PUCCH (and SRS) for NR-U considering regulatory requirements in unlicensed spectrum. 

2.1. PUSCH (UL) interlace structure
On the structure of PUSCH resource, PRB-level interlace structure in terms of: 1) the interlace interval or the number of interlaces (M) for a given BW, and 2) the number of RBs (N) per each of interlaces, had been agreed for 15 kHz and 30 kHz SCS. Besides, it was also agreed in RAN1#96 not to support sub-PRB interlace design for PUSCH (and PUCCH). Thus, for the case of 60 kHz SCS, PRB-level interlace can be considered as the PUSCH resource structure as well, and it would be beneficial in terms of UL resource efficiency/ flexibility rather than only allowing wideband contiguous allocation (satisfying OCB requirement) or not supporting PUSCH for 60 kHz SCS at all. 

Proposal #1: Support PRB-level interlace resource structure for NR-U PUSCH with 60 kHz SCS for commonality with other SCSs.
· Where the interlace interval M = 3 PRBs and the number of PRBs per interlace N = 8 based on UL BW of 20MHz.

Moreover, according to the recent LS from RAN4, a carrier BW of 10 MHz would be defined and supported for NR-U operation as a non-standalone serving Scell. Regarding the number of available RBs for the 10 MHz BW, for example, 52 RBs and 24 RBs could be defined for 15 kHz and 30 kHz SCS, respectively. Considering NR-U regulations such as OCB requirement and PSD limitation, PRB-level interlace structure would be required also for this carrier BW, for example, the interlace interval M = 5 PRBs and the number of PRBs per interlace N = 10 or 11 for 15 kHz SCS, and the interlace interval M = 2 (or 3) PRBs and the number of PRBs per interlace N = 12 (or 8) for 30 kHz SCS. 

Proposal #2: Discuss on PRB-level interlace structure for a carrier BW of 10 MHz with consideration of OCB requirement and PSD regulation. 
· In case of 15 kHz SCS, for example, the interlace interval M = 5 PRBs and the number of PRBs per interlace N = 10 or 11
· In case of 30 kHz SCS, for example, the interlace interval M = 2 (or 3) PRBs and the number of PRBs per interlace N = 12 (or 8)

Furthermore, regarding the agreed UL interlace structure for 20 MHz BW with 15 kHz and 30 kHz SCS, it seemed to be designed by considering OCB requirement with the assumption that the number of RBs is 51 and 106 for 15 kHz and 30 kHz SCS, respectively. On the other hand, considering that BW of the initial UL BWP is the same with that of the CORESET#0 which is configured with 48 RBs for 30 kHz SCS, the agreed UL interlace structure would not satisfy OCB requirement. In this sense, it may need to be discussed how to handle this issue, for example, by only using certain interlace index or defining additional structure (e.g. with the interlace interval M = 4 PRBs and the number of PRBs per interlace N = 12).

Proposal #3: Discuss on PRB-level interlace structure for initial UL BWP having the same BW with CORESET#0 of 48 PRBs for 30 kHz SCS considering OCB requirement.
· For an example, use of certain interlace index (e.g. 0, 1, 2) only
· For another example, use of additional interlace structure (e.g. with the interlace interval M = 4 PRBs and the number of PRBs per interlace N = 12)

2.2. PUCCH format and structure

· Overall PUCCH format design for NR-U
As the conclusion in the SI phase, it may be desirable to design UL waveform of the PUCCH similar to UL waveform of PUSCH as much as possible because multiplexing between PUSCH and PUCCH can be required. Therefore, it may be also preferable to design block-interlace based waveform even for the PUCCH like the PUSCH waveform. Considering both of implementation complexity and standardization efforts, it seems reasonable to reuse the existing PUCCH format(s) in NR as much as possible to design PUCCH format(s) for NR-U operation. 

First of all, in case of PUCCH format 2/3 which support multi-RB transmission, it can be relatively easily expanded to block-interlace structure by dividing frequency resource of a PUCCH resource into multiple clusters in the frequency domain. In addition, considering large amount of RBs within a single interlace (compared to RB granularity in NR), it could be beneficial (in terms of resource efficiency) to support multi-UE multiplexing for the interlace-based PUCCH format 2/3. For example, in case of PUCCH format 2 based on FDMed UCI and DMRS (without DFT), frequency domain OCC can be applied per each of RBs belonging to a same interlace, or time domain OCC can be applied for the case of multi-symbol interlace-based PUCCH format 2 (i.e., PF2). Furthermore, RE group level FDM and/or CDM within a RB can also be considered to support PUCCH flexibility in terms of the supportable (maximum) payload size and UE multiplexing capacity. For another example, in case of PUCCH format 3 (i.e., PF3) based on TDMed UCI and DMRS (with DFT), time domain OCC can be applied over multiple symbols.

Especially, in case of the enhanced PF2 for NR-U with interlaced structure, it is required to consider supporting various UCI size and short latency (and more TX opportunities) as main design target. More specifically, in order to support flexible UE multiplexing capacity according to UCI payload size, at least two aspects need to be considered as: 
(1) Variable DMRS density (e.g. UCI RE-to-DMRS RE ratio) per PRB 
(2) Variable spreading factor (e.g. OCC length) for CDM applied to UCI/DMRS within PRB 

[bookmark: _GoBack]For an example, in case with UCI-to-DMRS RE ratio of 2:1 (as for NR PF2) where 8 UCI REs and 4 DMRS REs are in a PRB, following CDM structures can be used (per each of PRBs within an interlace) according to UCI payload size (as shown in Figure 1 (a)).
(a) Structure 1
A. Use of length-4 OCC, 4 REs as one CDM group, then number of CDM groups for UCI = 2
B. Based on the above, 4 UEs with 4 coded bits (assuming QPSK) can be supported per PRB
(b) Structure 2
A. Use of length-2 OCC, 2 REs as one CDM group, then number of CDM groups for UCI = 4
B. Based on the above, 2 UEs with 8 coded bits (assuming QPSK) can be supported per PRB

For another example, in case with UCI-to-DMRS RE ratio of 1:1 where 6 UCI REs and 6 DMRS REs are in a PRB, following CDM structures can be used (per each of PRBs belonging to an interlace) according to UCI payload size (as shown in Figure 1 (b)).
(a) Structure 1
A. Use of length-6 OCC, 6 REs as one CDM group, then number of CDM groups for UCI = 1
B. Based on the above, 6 UEs with 2 coded bits (assuming QPSK) can be supported per PRB
(b) Structure 2
A. Use of length-2 OCC, 2 REs as one CDM group, then number of CDM groups for UCI = 3
B. Based on the above, 2 UEs with 6 coded bits (assuming QPSK) can be supported per PRB



(a) UCI-to-DMRS RE ratio = 2:1, length-4 OCC for Structure 1, length-2 OCC for Structure 2


(b) UCI-to-DMRS RE ratio = 1:1, length-6 OCC for Structure 1, length-2 OCC for Structure 2
Figure 1. Example of PUCCH format 2 extension

Proposal #4: Support variable DMRS density and CDM capacity for the enhanced PUCCH format 2 (based on FDMed UCI and DMRS), in order to support flexible UE multiplexing capacity according to UCI payload size.

Moreover, in case of PUCCH format 0/1 which are sequence based PUCCH format(s), the formats may still be required at least in the initial access before RRC connection as well as for SR transmission after RRC connection in the NR-U operation but it may not be easy to extend PUCCH format 0/1 into a block interlace structure since it is designed to fit in a single PRB. One possible way is to keep the low PAPR/CM property as much as possible by applying different cyclic shift (and/or phase shift) values to each repeated resource while repeating PUCCH format 0/1 in the frequency domain. In the extended PUCCH format 0/1 (i.e., PF0/1), same coded UCI bits (e.g., UCI0) can be repeated over multiple clusters or different coded UCI bits (e.g., UCI0, UCI1 …) can be distributed over multiple clusters as shown in Figure 2. Moreover, also for this structure, RE group (consisting of comb-type REs) level FDM in each RB can be considered for PUCCH multiplexing capacity.


Figure 2. Example of PUCCH format 0/1 extension

In summary, in case of the enhanced PF0 for NR-U with interlaced structure, it is required to consider supporting small UCI size, short latency (and more TX opportunities), and large multiplexing capacity as main design target. More specifically, for the enhanced PF0, multiple sequences with length of 12 are concatenated and different cyclic shift (and/or phase shift) values are applied across the multiple sequences to keep low PAPR/CM property. Note that main usages of this enhanced PF0 (and PF1) would at least include: 1) 1-bit HARQ-ACK transmission corresponding to PDSCH reception including Msg4 in initial access procedure before RRC connection, 2) 1-bit SR transmission after RRC connection, and 3) 1/2-bit HARQ-ACK transmission in case of receiving a single PDSCH only within a bundling window. 

Furthermore, in case of the enhanced PF1 with interlaced structure, it is required to consider supporting small UCI size, large multiplexing capacity (based on time-domain OCC), and UL coverage-limited case as main design target. Similarly with the enhance PF0, concatenation of multiple sequences applying different cyclic shift (and/or phase shift) values is used in both UCI and DMRS symbols for the enhanced PF1. 

Proposal #5: Support the enhanced PUCCH format 0/1 based on concatenation of multiple sequences (mapped on interlaced PRBs), in order to support small UCI payload with large multiplexing capacity with consideration of UL resource efficiency. 

· PUCCH format 0/1 sequence structure for NR-U
In RAN1 #97 meeting, the enhancement of Rel-15 PUCCH formats 0 and 1 is agreed for NR-U. Based on the agreements, following cases are considered for the performance comparison. In following sections, we focus on the PAPR and cubic metric performances since the miss-detection rate would be the same by mapping/transmitting one or multiple sequence(s) based on a same interlace structure. Note that, PAPR and cubic metric are obtained from the 95% percentile of CCDF of PAPR and CM for PUCCH signal generated based on each of the cases.

· Case 1: Mapping of a single long sequence to the PRBs of an interlace (Alt-3)
· Case 2: Repetition of the length-12 Rel-15 sequence in each PRB of an interlace (Alt-1)
· Case 2-1: Phase shift across PRBs 
· Case 2-2: Cyclic shift across PRBs 
· Case 2-3: Both phase shift and cyclic shift across PRBs 
· Case 2-3A: Interleaved cyclic shift pattern across PRBs 
· Case 2-3B: Increased cyclic shift pattern across PRBs

(1) UL interlace with 10 PRBs

· Case 1 – Mapping of a single long sequence to the PRBs of an interlace
For this Case 1, mapping of a single long sequence (with length of 120) to 10 PRBs of an interlace is considered. For generating the length-120 sequence, in order to fairly compare with other cases based on multiple sequence repetition, the ZC sequence length (as prime number) providing lower PAPR/CM is selected based on the evaluation results in Table 1. As shown in Table 1, length-103 ZC sequence can achieve better performance of PARP and CM, and thus, length-103 ZC sequence is considered for generating a single long sequence mapped to the 10 PRBs of an interlace. Figure 3 shows the length-103 ZC sequence mapping on UL interlace structure with 10 PRBs with cyclic shift manner defined in the current Rel-15 NR.

Table 1. PAPR and CM results according to ZC sequence length for generating a single sequence mapped to the PRBs of an interlace (for 30 kHz SCS)
	ZC sequence length
	PAPR (dB)
	CM (dB)

	113
	3.8157
	2.407

	109
	3.7722
	2.912

	107
	3.7502
	2.908

	103
	3.7282
	2.253

	101
	3.7685
	2.299

	97
	3.912
	2.997

	89
	3.8694
	2.424

	83
	4.1606
	3.226

	79
	3.8908
	2.329



Figure 3. An example of mapping of a single long sequence to the PRB of an interlace (based on length-103 ZC sequence)

· Case 2-1 - Phase shift across PRBs of an interlace
For this Case 2-1, repeated mapping of the length-12 Rel-15 sequence in each PRB of an interlace is considered. The candidate phase shift values applied (i.e., multiplied) to each PRBs is considered as one of [1, 1i, -1, -1i]. Figure 4 shows an example of sequence repetition mapping with phase shift across PRBs of an interlace. Table 2 provides the phase shift patterns showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing. 

Table 2. Phase shift patterns and its PAPR and CM results (Case 2-1, for 30 kHz SCS)
[image: ]


Figure 4. An example of sequence repetition with phase shift across PRBs of an interlace

· Case 2-2 - Cyclic shift across PRBs of an interlace
For this Case 2-2, repeated mapping of the length-12 Rel-15 sequence in each PRB of an interlace is considered. In this case, different cyclic shift across 10 PRBs of an interlace is considered to improve performance of PAPR and CM. Figure 5 shows an example of sequence repetition mapping with cyclic shift across PRBs of an interlace. Table 3 provides the cyclic shift patterns showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing. 

Table 3. Cyclic shift patterns and its PAPR and CM results (Case 2-2, for 30 kHz SCS)
[image: ]


Figure 5. An example of sequence repetition with cyclic shift across PRBs of an interlace

· Case 2-3 - Both phase shift and cyclic shift across PRBs 
In this Case 2-3, repeated mapping of the length-12 Rel-15 sequence in each PRB of an interlace is considered, and both phase shift and cyclic shift across 10 PRBs of an interlace is also considered.
Firstly, for the Case 2-3A, cyclic shift pattern across 10 PRBs of an interlace is set to [0, 1, 0, 1, 0, 1, 0, 1, 0, 1] according to the order of PRBs in an interlace, and candidate phase shift values applied (i.e., multiplied) to each PRBs is considered as one of [1, 1i, -1, -1i]. Table 4 provides the phase shift patterns for Case 2-3A (on top of cyclic shift pattern) showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing. 

Table 4. Phase shift patterns and its PAPR and CM results (Case 2-3A, for 30 kHz SCS)
[image: ]

Secondly, for the Case 2-3B, cyclic shift pattern across 10 PRBs of an interlace is set to [0, 1, 2, 3, 4, 5, 6, 7, 8, 9] according to the order of PRBs in an interlace, and candidate phase shift values applied (i.e., multiplied) to each PRBs is considered as one of [1, 1i, -1, -1i]. Table 5 provides the phase shift patterns for Case 2-3B (on top of cyclic shift pattern) showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing. 

Table 5. Phase shift patterns and its PAPR and CM results (Case 2-3B, for 30 kHz SCS)
[image: ]

According to Tables 1~5, the CM performance of Case 1 (single long sequence to interlace mapping) is worse (1 dB) than all the other cases. Moreover, the CM performance of Case 2-1 (phase shift across PRBs of an interlace) is slightly worse (0.1 dB) than that of Case 2-2 and Case 2-3. On the other hand, the performance of Case 2-2 (cyclic shift across PRBs an interlace) and Case 2-3 (both cyclic shift and phase shift across PRBs an interlace) seems to be almost same while Case 2-2 would be simpler in term of UE complexity. 
Therefore, for UL interlace structure with 10 PRBs, it is proposed to support the repetition mapping of multiple length-12 Rel-15 sequences across PRBs of an interlace where cyclic shift pattern [0, 1, 2, 3, 4, 5, 6, 7, 8, 9] is applied to the sequences mapped to an interlace.

(2) UL interlace with 11 PRBs

· Case 1 - Mapping of a single long sequence to the PRBs of an interlace 
For this Case 1, mapping of a single long sequence (with length of 132) to 11 PRBs of an interlace is considered. For generating the length-132 sequence, in order to fairly compare with other cases based on multiple sequence repetition, the ZC sequence length (as prime number) providing lower PAPR/CM is selected based on the evaluation results in Table 6. As shown in Table 6, length-103 ZC sequence can achieve better performance of PARP and CM, and thus, length-103 ZC sequence is considered for generating a single long sequence mapped to the 11 PRBs of an interlace. Figure 6 shows the length-103 ZC sequence mapping on UL interlace structure with 11 PRBs with cyclic shift manner defined in the current Rel-15 NR.

Table 6. PAPR and CM results according to ZC sequence length for generating a single sequence mapped to the PRBs of an interlace (for 30 kHz SCS)
	Sequence length
	PAPR (dB)
	CM (dB)

	131
	3.7994
	3.37

	127
	3.8265
	2.59

	113
	3.7612
	2.263

	109
	3.8516
	2.788

	107
	3.8337
	2.659

	103
	3.7685
	2.26

	101
	3.8337
	2.286

	97
	4.1137
	3.185

	89
	3.9296
	2.375



Figure 6. An example of mapping of a single long sequence to the PRB of an interlace (based on length-103 ZC sequence)

· Case 2-1 - Phase shift across PRBs of an interlace
For this Case 2-1, repeated mapping of the length-12 Rel-15 sequence in each PRB of an interlace is considered. The candidate phase shift values applied (i.e., multiplied) to each PRBs is considered as one of [1, 1i, -1, -1i]. Table 7 provides the phase shift patterns showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing.

Table 7. Phase shift patterns and its PAPR and CM results (Case 2-1, for 30 kHz SCS)
[image: ]

· Case 2-2 - Cyclic shift across PRBs of an interlace
For this Case 2-2, repeated mapping of the length-12 Rel-15 sequence in each PRB of an interlace is considered. In this case, different cyclic shift across 11 PRBs of an interlace is considered to improve performance of PAPR and CM. Table 8 provides the cyclic shift patterns showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing.

Table 8. Cyclic shift patterns and its PAPR and CM results (Case 2-2, for 30 kHz SCS)
[image: ]

· Case 2-3 - Both phase shift and cyclic shift across PRBs 
In this Case 2-3, repeated mapping of the length-12 Rel-15 sequence in each PRB of an interlace is considered, and both phase shift and cyclic shift across 10 PRBs of an interlace is also considered. 
Firstly, for the Case 2-3A, cyclic shift pattern across 11 PRBs of an interlace is set to [0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0] according to the order of PRBs in an interlace, and candidate phase shift values applied (i.e., multiplied) to each PRBs is considered as one of [1, 1i, -1, -1i]. Table 9 provides the phase shift patterns for Case 2-3A (on top of cyclic shift pattern) showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing.

Table 9. Phase shift patterns and its PAPR and CM results (Case 2-3A, for 30 kHz SCS)
[image: ]

Secondly, for the Case 2-3B, cyclic shift pattern across 11 PRBs of an interlace is set to [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10] according to the order of PRBs in an interlace, and candidate phase shift values applied (i.e., multiplied) to each PRBs is considered as one of [1, 1i, -1, -1i]. Table 10 provides the phase shift patterns for Case 2-3B (on top of cyclic shift pattern) showing better PAPR and CM performances then other patterns for 30 kHz subcarrier spacing.

Table 10. Phase shift patterns and its PAPR and CM results (Case 2-3B, for 30 kHz SCS)
[image: ]

According to Tables 6~10, the CM performance of Case 1 (single long sequence to interlace mapping) is worse (2 dB) than all the other cases. Moreover, the CM performance of Case 2-1 (phase shift across PRBs of an interlace) is slightly worse (0.3 ~ 0.5 dB) than that of Case 2-2 and Case 2-3. On the other hand, the performance of Case 2-1 (phase shift across PRBs an interlace) seems to be slightly better than Case 2-3 (both cyclic shift and phase shift across PRBs an interlace), also Case 2-1 would be simpler in term of UE complexity.
Therefore, for UL interlace structure with 11 PRBs, it is proposed to support the repetition mapping of multiple length-12 Rel-15 sequences across PRBs of an interlace where a phase shift pattern (e.g. [1, 1, 1, -1, -1, -1, 1, -1, -1, 1, -1]) is applied to the sequences mapped to an interlace.

Based on the observation so far, first of all, it is desirable to support the repetition mapping of multiple length-12 Rel-15 sequences to the PRBs of an interlace for the PUCCH format 0 and 1 for NR-U in both 10 PRB case and 11 PRB case. 
Given that, considering the CM performance of PUCCH transmission, it would be desirable to support different methods for CM reduction according to the number of PRBs of an interlace. To be specific, a cyclic shift pattern is applied to the UL interlace with 10 PRBs and a phase shift pattern is applied to the UL interlace with 11 PRBs. On the other hands, from the UE implementation point of view, it would be simpler to support a common method regardless of the number of PRBs of an interlace. Specifically, a phase shift pattern is applied to both the UL interlace with 10 PRBs and the UL interlace with 11 PRBs.

Proposal #6: 
· Support repetition mapping of multiple length-12 Rel-15 sequences to the PRBs of an interlace, and select one of the following approaches to enhance the PAPR/CM performance:
· Alt 1: Support different PAPR/CM reduction method according to the number of PRBs of an interlace
· For UL interlace with 10 PRBs, PRB level cyclic shifts pattern is applied.
· For example, cyclic shift pattern [0, 1, 2, 3, 4, 5, 6, 7, 8, 9] is applied according to the order of PRBs in an interlace.
· For UL interlace with 11 PRBs, PRB level phase shift pattern is applied.
· For example, phase shift pattern [1, 1, 1, -1, -1, -1, 1, -1, -1, 1, -1] is applied according to the order of PRBs in an interlace.
· Alt 2: Support a same PAPR/CM reduction method (phase shift) regardless of the number of PRB of an interlace
· For UL interlace with 10 PRBs, PRB level phase shift pattern is applied.
· For example, phase shift pattern [1, 1, 1, 1i, 1, -1, -1i, 1i, 1i, -1i] is applied according to the order of PRBs in an interlace.
· For UL interlace with 11 PRBs, PRB level phase shift pattern is applied.
· For example, phase shift pattern [1, 1, 1, -1, -1, -1, 1, -1, -1, 1, -1] is applied according to the order of PRBs in an interlace.

· Initial PUCCH resource set for NR-U
Moreover, considering to composite the initial PUCCH resource set (used before dedicated PUCCH configuration) with the interlaced PUCCH format 0/1 structure, some aspects may need to be modified from the current Rel-15 NR. In particular, since size of a single PUCCH resource is increased (almost 10 times) compared to NR and RB mapping of a single PUCCH resource is distributed over entire BW, it can be consider not to use cell-specific PRB offset (provided via RMSI) to configure PUCCH resource region and/or frequency hopping direction (indicated by DCI) for PUCCH transmission. 

For an example, considering not to use both cell-specific PRB offset and frequency hopping direction, firstly, the initial PUCCH resource sets can be defined as the following Table 11.

Table 11. Example of initial PUCCH resource sets for NR-U (total 8 sets)
	RMSI value
	PUCCH format
	Starting symbol
	Number of symbols
	Initial CS index set

	0
	0
	12
	2
	{0, 3}

	1
	0
	12
	2
	{0, 4, 8}

	2
	1
	10
	4
	{0, 6}

	3
	1
	10
	4
	{0, 3, 6, 9}

	4
	1
	4
	10
	{0, 6}

	5
	1
	4
	10
	{0, 3, 6, 9}

	6
	1
	0
	14
	{0, 6}

	7
	1
	0
	14
	{0, 3, 6, 9}



Based on the above Table 11, one of 8 PUCCH resource sets can be indicated by 3-bit RMSI signaling, and then one of 16 PUCCH resources within the indicated set can be allocated based on 3-bit PRI signaling in DCI and 1-bit PDCCH CCE mapping as below.

(a) For the PUCCH resource set by RMSI value of 3/5/7,
A. One of 16 combinations by {4 interlace index (e.g. 0, 1, 2, 3), 4 CS values} is indicated.
(b) For the PUCCH resource set by RMSI value of 2/4/6,
A. One of 16 combinations by {4 interlace index, 2 CS values, 2 OCC index (e.g. 0, 1)} is indicated.
(c) For the PUCCH resource set by RMSI value of 0/1,
A. One of 16 combinations by {4 interlace index, 2 or 3 CS values, 2 starting symbols (e.g. index 12, 9} is indicated.

For another example, considering not to use frequency hopping direction but still use cell-specific PRB (interlace) offset, firstly, the initial PUCCH resource sets can be defined as the following Table 12.

Table 12. Example of initial PUCCH resource sets for NR-U (total 16 sets)
	RMSI value
	PUCCH format
	Starting symbol
	Number of symbols
	Initial CS index set
	Cell-specific interlace offset

	0
	0
	12
	2
	{0, 3}
	0

	1
	0
	12
	2
	{0, 3}
	2

	2
	0
	12
	2
	{0, 4, 8}
	0

	3
	0
	12
	2
	{0, 4, 8}
	2

	4
	1
	10
	4
	{0, 6}
	0

	5
	1
	10
	4
	{0, 6}
	2

	6
	1
	10
	4
	{0, 3, 6, 9}
	0

	7
	1
	10
	4
	{0, 3, 6, 9}
	2

	8
	1
	4
	10
	{0, 6}
	0

	9
	1
	4
	10
	{0, 6}
	2

	10
	1
	4
	10
	{0, 3, 6, 9}
	0

	11
	1
	4
	10
	{0, 3, 6, 9}
	2

	12
	1
	0
	14
	{0, 6}
	0

	13
	1
	0
	14
	{0, 6}
	2

	14
	1
	0
	14
	{0, 3, 6, 9}
	0

	15
	1
	0
	14
	{0, 3, 6, 9}
	2



Based on the above Table 12, one of 16 PUCCH resource sets can be indicated by 4-bit RMSI signaling, and then one of 16 PUCCH resources within the indicated set can be allocated based on 3-bit PRI signaling in DCI and 1-bit PDCCH CCE mapping as below.

(a) For the PUCCH resource set by RMSI value of 6/7/10/11/14/15,
A. One of 16 combinations by {2 interlace index (e.g. 0, 1), 4 CS values, 2 OCC index (e.g. 0, 1)} is indicated.
(b) For the PUCCH resource set by RMSI value of 8/9/12/13,
A. One of 16 combinations by {2 interlace index, 2 CS values, 4 OCC index (e.g. 0, 1, 2, 3)} is indicated.
(c) For the PUCCH resource set by RMSI value of 4/5,
A. One of 16 combinations by {2 interlace index, 2 CS values, 2 OCC index, 2 starting symbols (e.g. index 10, 5)} is indicated.
(d) For the PUCCH resource set by RMSI value of 0/1,
A. One of 16 combinations by {2 interlace index, 2 CS values, 4 starting symbols (e.g. index 12, 9, 6, 3)} is indicated.
(e) For the PUCCH resource set by RMSI value of 2/3,
A. One of 16 combinations by {2 interlace index, 3 CS values, 3 starting symbols (e.g. index 12, 9, 6)} is indicated.

Proposal #7: Discuss to define initial PUCCH resource sets (used by UE before dedicated PUCCH configuration) for NR-U, with consideration of interlaced PUCCH resource structure.
· For an example, decide whether to support cell-specific PRB offset
· For another example, decide whether frequency hopping is necessary

2.3. SRS transmission structure
On the support of SRS transmission for NR-U, block-interlace based structure may be beneficial with consideration of some (unlicensed band-specific) regulations in terms of PSD limitation and OCB requirement. In addition, considering multi-UE multiplexing in a same interlace resource, a set of cyclic shift value and/or transmission comb could be used for generation of the SRS sequence. In this case, the following aspects need to be considered in the design of SRS transmission for NR-U.

1) Multiplexing with PUCCH or PUSCH
2) Multi-symbol SRS with LBT operation
3) Frequency hopping of SRS transmission 

Regarding the multi-symbol SRS transmission based on LBT operation, it may be required to consider the case when the LBT (then CCA) is failed for the first symbol of the SRS. In this case, some handing or UE behavior may need to be decided, for example, symbol-level (gradual) dropping or symbol shifting/cycling (without dropping). Besides, regarding the frequency hopping of SRS transmission, it may be necessary to discuss on the hopping BW of SRS transmission and LBT operation during SRS hopping. For example, configuring single LBT-SB as the transmission BW of SRS, the SRS hopping can be done across multiple different LBT-SB, and LBT gap can be provided between the hopping.

Proposal #8: Consider the following aspects for the support of SRS transmission in NR-U.
· Multiplexing with PUCCH or PUSCH
· Multi-symbol SRS with LBT operation
· Frequency hopping of SRS transmission

3. UL resource allocation 
This section describes resource allocation scheme(s) in time/frequency domain for block-interlace based UL transmission (e.g., PUSCH or PUCCH).

3.1. Frequency domain
In LTE eLAA, frequency resource allocation in interlace units is defined according to the regulations in the unlicensed band that occupy more than 80% of the system bandwidth. Similarly to LTE eLAA, it is also possible to consider allocating frequency resources on an interlace basis in a frequency resource allocation scheme for PUSCH (or PUCCH) for NR-U operation. However, in recent regulations on unlicensed bands, even if 80% of system bandwidth is not occupied, temporary transmission of the signal is allowed if the transmission band of the signal is 2 MHz or more. Therefore, in NR-U operation, it is possible to consider fine granularity support for resource allocation in frequency domain compared to LTE eLAA. Particularly, the fine granularity is advantageous in supporting various TBSs according to the standalone NR-U operation. One way is to allocate consecutive RBs in VRB domain and apply VRB-to-PRB mapping which maps consecutive VRBs to PRBs on the block-interlace resource(s) in PRB domain as shown in Figure 7. It should be noted that the actual data mapping can be done by frequency-first manner to keep low PAPR/CM property of (block-interlaced) DFT-s-OFDM waveform.



Figure 7. Example of resource allocation in frequency domain: VRB-to-PRB mapping

Additionally, it seems necessary to consider resource allocation method in order to cope with the case where UEs having different maximum BW RF capabilities coexist for the same carrier (or bandwidth part). For instance, the entire UL transmission band can be divided into multiple (LBT) sub-bands, and consecutive (and/or non-consecutive) sub-band index(s) may be selected (based on proper (e.g. RIV or bitmap) signaling) in the sub-band index domain, and then consecutive interlace index(s) in the interlace index domain for the selected sub-band(s) can be allocated (based on proper (e.g. RIV) signaling) for UL transmission as shown in Figure 8.



Figure 8. Example of resource allocation in frequency domain: hierarchical allocation

Proposal #9: Consider to support the following aspects for UL frequency resource allocation in NR-U based on the regulations.
· Dynamic switching between interlaced resource allocation type and contiguous resource allocation type by UL grant DCI. 
· Allocation of consecutive (and/or non-consecutive) LBT sub-bands and consecutive PRB-interlace indexes within the allocated LBT sub-bands.

Furthermore (similarly with NR), considering different BW capability and/or different BWP size between UEs, it is required to consider carrier BW which may be derived from a reference RB point (i.e., “Point A” defined in NR) on top of UL active BWP, for resource definition/allocation in frequency domain. For example, assuming that carrier BW (e.g. 80 MHz) is larger than the BW of UL active BWP for a UE (e.g. 40 MHz), first of all, the RB interlaces (in terms of grouping of the RB indexes belonging to a same interlace, indexing of each interlace based on the grouping) can be defined based on the carrier BW. Given that, the available RBs in each of the interlaces for the UE can be determined as the RBs belonging to the UL active BWP, and then actual allocated RBs (within the UL active BWP) to the UE can be smaller than the UL active BWP (e.g. single LBT-SB of 20 MHz) based on the above resource allocation approach. Besides, in this structure, it may necessary to consider how to randomize DMRS sequence parameter/scrambling.

Proposal #10: Support hierarchical BW structure as the following to support block-interlace based UL resource allocation for the UEs with different BW capability.
· RB interlaces (in terms of RB grouping per interlace and indexing of each interlace) is defined based on the carrier BW.
· Available RBs in each of the interlaces for the UE is determined as the RBs belonging to the UL active BWP.
· Actual allocated RBs (within the UL active BWP) to the UE can be smaller than the UL active BWP.

Based on the above structure, considering wideband UL BWP consisting of multiple LBT-SBs, interlace resource allocation could be different between PUSCH and PUCCH. In case of PUSCH, a PUSCH can be scheduled to be transmitted on a LBT-SB or over multiple LBT-SBs according to some parameters such as TBS. In case of PUCCH, a PUCCH can be scheduled to be transmitted one of multiple candidate LBT-SBs based on the (simultaneous) LBT operation for the multiple LBT-SBs. For the PUCCH, allocation of the multiple candidate LBT-SBs may need to be considered, for example, indicating an interlace index and valid LBT-SB index for the interlace. 

In addition, considering different transmission BW and UE multiplexing between PUSCH and PUCCH, the DMRS parameter including the sequence length could be different between PUSCH and PUCCH or between different PUCCH formats. In case of PUSCH, for example, DMRS sequence length can be determined based on the amount of allocated interlaces and/or the number of allocated LBT-SBs. On the other hand, in case of PUCCH, for example, DMRS sequence length can be determined based on the size of single interlace in a single LBT-SB (e.g. PUCCH format 3) or the size of single PRB (e.g. PUCCH format 0/1), with consideration of multiplexing between the UE with different resource size. 

Moreover, in case when structure of unit resource is differently defined between PUSCH/PUCCH and PRACH, the frequency resources allocated for PUSCH/PUCCH and the resources reserved for PRACH might be overlapped in a same (RACH) slot. In this case, to protect potential PRACH transmission from certain UEs for the purpose of initial access, it can be consider to apply puncturing PUSCH/PUCCH signals in RB level or in RB-interlace level. 

3.2. Time domain
In NR-U operation, the baseline time resource allocation scheme for PUSCH or PUCCH transmission can be to indicate the start symbol and duration (in the slot) of UL transmission as in the existing NR. On the other hand, in NR-U operation, since UE must perform LBT procedure before PUSCH (or PUCCH) transmission, the probability of success in transmission may not be relatively high when the transmission is attempted only in the (single) UL resource scheduled by base station. Therefore, additional techniques for increasing the probability of success of UL transmission may need to be considered. In an intuitive way, it can be considered to set multiple candidate transmission resources for a (single) PUSCH (or PUCCH) triggering and in detail, the set or the specific starting position among multiple candidates can be derived by LBT type, additional DM-RS position, PUCCH/PUSCH resource configuration, etc.

Proposal #11: Consider multiple candidate resources (in time) for a single UL transmission as the time resource allocation in NR-U for better transmission success rate.

4. UCI multiplexing
This section describes some considerations on UCI multiplexing especially on PUSCH regarding LBT procedure. In NR-U operation, UE may not be able to start PUSCH transmission at the (scheduled) starting symbol due to LBT failure at UE side. In this regard, similar to LTE eLAA, it is possible to consider delaying PUSCH transmission by puncturing the forward part of PUSCH. Considering the above operation, for UCI on PUSCH, it may not be desirable to map UCI REs in front of PUSCH as in existing NR and some modification may be needed.

Proposal #12: Consider UCI multiplexing/mapping on PUSCH with potential puncturing for a part of the PUSCH due to LBT procedure.

5. Conclusion
In this contribution, we discussed on the design of PUSCH/PUCCH and SRS for NR-U operation, and the followings are proposed.

Proposal #1: Support PRB-level interlace resource structure for NR-U PUSCH with 60 kHz SCS for commonality with other SCSs.
· Where the interlace interval M = 3 PRBs and the number of PRBs per interlace N = 8 based on UL BW of 20MHz.
Proposal #2: Discuss on PRB-level interlace structure for a carrier BW of 10 MHz with consideration of OCB requirement and PSD regulation. 
· In case of 15 kHz SCS, for example, the interlace interval M = 5 PRBs and the number of PRBs per interlace N = 10 or 11
· In case of 30 kHz SCS, for example, the interlace interval M = 2 (or 3) PRBs and the number of PRBs per interlace N = 12 (or 8)
Proposal #3: Discuss on PRB-level interlace structure for initial UL BWP having the same BW with CORESET#0 of 48 PRBs for 30 kHz SCS considering OCB requirement.
· For an example, use of certain interlace index (e.g. 0, 1, 2) only
· For another example, use of additional interlace structure (e.g. with the interlace interval M = 4 PRBs and the number of PRBs per interlace N = 12)
Proposal #4: Support variable DMRS density and CDM capacity for the enhanced PUCCH format 2 (based on FDMed UCI and DMRS), in order to support flexible UE multiplexing capacity according to UCI payload size.
Proposal #5: Support the enhanced PUCCH format 0/1 based on concatenation of multiple sequences (mapped on interlaced PRBs), in order to support small UCI payload with large multiplexing capacity with consideration of UL resource efficiency. 
Proposal #6: 
· Support repetition mapping of multiple length-12 Rel-15 sequences to the PRBs of an interlace, and select one of the following approaches to enhance the PAPR/CM performance:
· Alt 1: Support different PAPR/CM reduction method according to the number of PRBs of an interlace
· For UL interlace with 10 PRBs, PRB level cyclic shifts pattern is applied.
· For example, cyclic shift pattern [0, 1, 2, 3, 4, 5, 6, 7, 8, 9] is applied according to the order of PRBs in an interlace.
· For UL interlace with 11 PRBs, PRB level phase shift pattern is applied.
· For example, phase shift pattern [1, 1, 1, -1, -1, -1, 1, -1, -1, 1, -1] is applied according to the order of PRBs in an interlace.
· Alt 2: Support a same PAPR/CM reduction method (phase shift) regardless of the number of PRB of an interlace
· For UL interlace with 10 PRBs, PRB level phase shift pattern is applied.
· For example, phase shift pattern [1, 1, 1, 1i, 1, -1, -1i, 1i, 1i, -1i] is applied according to the order of PRBs in an interlace.
· For UL interlace with 11 PRBs, PRB level phase shift pattern is applied.
· For example, phase shift pattern [1, 1, 1, -1, -1, -1, 1, -1, -1, 1, -1] is applied according to the order of PRBs in an interlace.
Proposal #7: Discuss to define initial PUCCH resource sets (used by UE before dedicated PUCCH configuration) for NR-U, with consideration of interlaced PUCCH resource structure.
· For an example, decide whether to support cell-specific PRB offset
· For another example, decide whether frequency hopping is necessary
Proposal #8: Consider the following aspects for the support of SRS transmission in NR-U.
· Multiplexing with PUCCH or PUSCH
· Multi-symbol SRS with LBT operation
· Frequency hopping of SRS transmission
Proposal #9: Consider to support the following aspects for UL frequency resource allocation in NR-U based on the regulations.
· Dynamic switching between interlaced resource allocation type and contiguous resource allocation type by UL grant DCI. 
· Allocation of consecutive (and/or non-consecutive) LBT sub-bands and consecutive PRB-interlace indexes within the allocated LBT sub-bands.
Proposal #10: Support hierarchical BW structure as the following to support block-interlace based UL resource allocation for the UEs with different BW capability.
· RB interlaces (in terms of RB grouping per interlace and indexing of each interlace) is defined based on the carrier BW.
· Available RBs in each of the interlaces for the UE is determined as the RBs belonging to the UL active BWP.
· Actual allocated RBs (within the UL active BWP) to the UE can be smaller than the UL active BWP.
Proposal #11: Consider multiple candidate resources (in time) for a single UL transmission as the time resource allocation in NR-U for better transmission success rate.
Proposal #12: Consider UCI multiplexing/mapping on PUSCH with potential puncturing for a part of the PUSCH due to LBT procedure.
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image5.emf
Index PS #1 PS #2 PS #3 PS #4 PS #5 PS #6 PS #7 PS #8 PS #9 PS #10 PAPR CM

1 10+1i -1 -1 10-1i 0-1i -10-1i -1 3.576 1.663

2 10-1i 10-1i 0-1i -1 1 10+1i -1 3.576 1.663

3 1 1 10+1i 1 -10-1i 0+1i 0+1i 0-1i 3.573 1.664

4 10+1i 10+1i 0+1i -1 1 10-1i -1 3.573 1.664

5 1 -1 -1 10+1i 0-1i -10-1i 0-1i 0-1i 3.573 1.664

6 10-1i -1 -1 10+1i 0+1i -10+1i -1 3.573 1.664

7 1 1 -1 -10-1i 0-1i -10-1i 0+1i 0-1i 3.573 1.665

8 1 -1 10+1i 1 10+1i 0+1i 0-1i 0-1i 3.573 1.665

9 10-1i 10-1i 0+1i 1 1 -10-1i 1 3.576 1.668

10 1 1 10-1i 1 -10+1i 0-1i 0-1i 0+1i 3.576 1.669

11 10+1i 10+1i 0-1i 1 1 -10+1i 1 3.575 1.669

12 10+1i -1 1 10-1i 0+1i 10+1i 1 3.576 1.669

13 1 -1 -1 10-1i 0+1i -10+1i 0+1i 0+1i 3.576 1.669

14 10-1i -1 1 10+1i 0-1i 10-1i 1 3.573 1.669

15 1 1 -1 -10+1i 0+1i -10+1i 0-1i 0+1i 3.584 1.671

16 1 -1 10-1i 1 10-1i 0-1i 0+1i 0+1i 3.584 1.671

17 1 1 1 1 -10+1i 0-1i 0-1i 0+1i -1 3.846 1.963

18 10+1i 0-1i 0-1i 0+1i 1 -1 -1 -1 -1 3.846 1.963

19 1 10-1i 10-1i 0+1i 10+1i -10-1i 3.850 1.964

20 10+1i -10-1i -1 10-1i 10-1i 0-1i 3.850 1.964
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image7.emf
Index Starting CS value for each PRB PAPR (dB) CM (dB)

1 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0] 8.675 10.062

2 [0, 1, 0, 1, 0, 1, 0, 1, 0, 1] 7.600 8.218

3 [0, 1, 2, 0, 1, 2, 0, 1, 2, 0] 6.793 7.286

4 [0, 1, 2, 3, 4, 0, 1, 2, 3, 4] 5.680 5.057

5 [0, 1, 2, 3, 4, 5, 6, 7, 8, 9] 3.540 1.569

6 [0, 5, 10, 3, 8, 1, 6, 11, 8, 4] 4.294 2.456

7 [0, 2, 4, 6, 8, 10, 0, 2, 4, 6] 4.978 3.461
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Index PS #1 PS #2 PS #3 PS #4 PS #5 PS #6 PS #7 PS #8 PS #9 PS #10 PAPR CM

1 10+1i 0+1i 0+1i 0-1i 0+1i -1 -10+1i 1 3.561 1.557

2 1 10-1i -10-1i 1 10-1i 0+1i 0-1i 3.563 1.560

3 1 -1 10-1i 0-1i 10+1i 10-1i 0-1i 3.561 1.560

4 1 -10-1i 10-1i -1 10+1i 0+1i 0+1i 3.557 1.560

5 10-1i 0+1i 0-1i 0-1i 0-1i -1 10+1i -1 3.565 1.560

6 1 1 10+1i 0-1i -10+1i -10-1i 0+1i 3.561 1.561

7 10-1i -1 -10-1i 0+1i 0-1i 0-1i 0-1i 1 3.563 1.561

8 10+1i -1 10-1i 0-1i 0-1i 0+1i 0-1i -1 3.557 1.564

9 10+1i 0+1i 0+1i 0+1i -1 1 10-1i -1 3.618 1.647

10 10-1i -1 -1 10+1i 0+1i 0+1i 0+1i -1 3.622 1.649

11 1 -1 10-1i 1 10-1i -10+1i 0+1i 3.618 1.652

12 1 10-1i -10+1i 0+1i -10+1i 0-1i 0+1i 3.620 1.653

13 1 -10-1i -10-1i 0+1i 10-1i 0+1i 0+1i 3.616 1.653

14 10-1i 0+1i 0+1i 0-1i -1 -1 -10+1i -1 3.613 1.653

15 1 1 -10+1i 1 -10-1i -10-1i 0+1i 3.613 1.654

16 1 1 10+1i 1 -10-1i 10+1i 0-1i 3.622 1.655

17 10+1i 1 1 10-1i 0+1i 0+1i 0-1i -1 3.611 1.655

18 10+1i -1 1 10-1i 0+1i 0-1i 0+1i 1 3.620 1.655

19 10-1i 0+1i 0-1i 0+1i 1 1 -10-1i 1 3.622 1.655

20 10-1i 1 -1 10+1i 0+1i 0-1i 0-1i 1 3.618 1.656
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Index PS #1 PS #2 PS #3 PS #4 PS #5 PS #6 PS #7 PS #8 PS #9 PS #10 PAPR CM

1 1 1 1 1 1 1 1 1 1 1 3.540 1.569

2 10+1i -10-1i 10+1i -10-1i 10+1i 3.540 1.571

3 1 -1 1 -1 1 -1 1 -1 1 -1 3.544 1.574

4 10-1i -10+1i 10-1i -10+1i 10-1i 3.544 1.580

5 1 1 1 1 10+1i 0+1i 0+1i 0+1i 0+1i 4.001 2.123

6 10-1i -10+1i 1 10-1i -10+1i 1 3.996 2.125

7 1 -10+1i 0-1i -10+1i 0-1i -1 10-1i 4.056 2.357

8 10-1i 0-1i -1 -1 -10+1i 0+1i 1 1 4.054 2.363

9 10+1i 0-1i 1 -1 10+1i 0-1i 1 -1 4.051 2.365

10 1 10+1i 0+1i -10-1i 0-1i 1 10+1i 4.047 2.372

11 10-1i 0-1i -1 -10+1i 0+1i 0+1i 1 1 4.059 2.543

12 1 -10+1i 0-1i -1 10-1i -1 10-1i 4.066 2.545

13 1 1 1 1 1 1 10+1i 0+1i 0+1i 4.078 2.624

14 10-1i -10+1i 10-1i -1 -10+1i 1 4.082 2.633

15 1 -10+1i 0-1i 0+1i 1 -10+1i 0-1i -1 4.097 2.636

16 10+1i 0-1i 10+1i 0-1i 1 -10-1i 0+1i 4.087 2.640

17 1 -1 1 -1 1 -1 10-1i 0+1i 0-1i 4.083 2.642

18 10-1i 0-1i -10+1i 0+1i 1 10-1i 0-1i 4.092 2.642

19 1 10+1i 0+1i 0+1i -1 -10-1i 0-1i 1 4.090 2.645

20 10+1i -10-1i 10+1i -1 10+1i -1 4.659 3.884
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image12.emf
Index PS #1 PS #2 PS #3 PS #4 PS #5 PS #6 PS #7 PS #8 PS #9 PS #10 PS #11 PAPR CM

1 1 1 1 -1 -1 -1 1 -1 -1 1 -1 2.893 1.094

2 1 -1 1 1 -1 1 1 1 -1 -1 -1 2.893 1.094

3 10+1i -10+1i -10-1i -10+1i -10+1i 1 2.895 1.095

4 10-1i -10-1i -10+1i -10-1i -10-1i 1 2.895 1.095

5 10+1i -1 1 -10+1i -1 -1 -10+1i 1 3.532 1.491

6 10-1i -1 -1 -10-1i -1 1 -10-1i 1 3.532 1.491

7 1 1 10+1i -1 1 10-1i -1 1 -1 3.527 1.492

8 1 1 10-1i -1 1 10+1i -1 1 -1 3.531 1.492

9 1 -1 10+1i -1 -1 10-1i -1 -1 -1 3.531 1.492

10 1 -1 10-1i -1 -1 10+1i -1 -1 -1 3.527 1.492

11 10+1i -1 -1 -10+1i -1 1 -10+1i 1 3.529 1.493

12 10-1i -1 1 -10-1i -1 -1 -10-1i 1 3.529 1.493

13 1 10-1i -10-1i 0-1i 1 1 -1 10+1i 3.521 1.617

14 10+1i 0-1i 0+1i 0+1i -1 -10-1i -10+1i 0+1i 3.521 1.617

15 1 10+1i -10+1i 0+1i 1 1 -1 10-1i 3.521 1.620

16 10+1i 0+1i 0+1i 0-1i 1 -10-1i -10+1i 0-1i 3.519 1.620

17 1 -10+1i 10+1i 0-1i 1 -1 -1 -10-1i 3.519 1.620

18 10-1i 0+1i 0-1i 0-1i -1 -10+1i -10-1i 0-1i 3.521 1.620

19 1 -10-1i 10-1i 0+1i 1 -1 -1 -10+1i 3.519 1.621

20 10-1i 0-1i 0-1i 0+1i 1 -10+1i -10-1i 0+1i 3.519 1.621
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Index Starting CS value for each PRB PAPR (dB) CM (dB)

1 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0] 8.727 10.509

2 [0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0] 7.743 8.657

3 [0, 1, 2, 0, 1, 2, 0, 1, 2, 0, 1] 7.030 7.663

4 [0, 1, 2, 3, 4, 0, 1, 2, 3, 4, 0] 5.869 5.447

5 [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10] 3.352 1.413

6 [0, 5, 10, 3, 8, 1, 6, 11, 8, 4, 9] 4.253 2.608

7 [0, 2, 4, 6, 8, 10, 0, 2, 4, 6, 8] 5.202 3.681
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Index PS #1 PS #2 PS #3 PS #4 PS #5 PS #6 PS #7 PS #8 PS #9 PS #10 PS #11 PAPR CM

1 1 10-1i 1 -10+1i -1 1 10+1i 0+1i 3.671 1.645

2 10+1i 0+1i -10+1i 0+1i 0-1i -1 -1 10+1i 3.673 1.646

3 1 10-1i 0-1i 0+1i 10+1i 0-1i -10-1i 0-1i 3.674 1.650

4 10+1i -1 -1 1 -10+1i 1 1 1 1 3.686 1.651

5 10-1i 0+1i 0+1i -1 1 10+1i 1 10-1i 3.671 1.651

6 10+1i 0+1i 0-1i -1 -1 10-1i 1 -10-1i 3.674 1.652

7 1 -1 10+1i 10-1i 0-1i 0-1i 10+1i -1 3.686 1.652

8 10-1i 0+1i 10+1i 0-1i 0-1i 1 -1 -10+1i 3.674 1.652

9 10+1i -10-1i 0+1i 0-1i -10+1i -1 -1 -1 3.686 1.653

10 1 -10-1i -1 -10-1i -1 -1 10-1i 0+1i 3.673 1.655

11 1 -10-1i 0+1i 0+1i -10+1i 0+1i -10+1i 0-1i 3.673 1.656

12 10-1i -1 1 1 10+1i -1 1 -1 1 3.682 1.657

13 1 -1 1 -10+1i 1 1 1 -10-1i 1 3.686 1.661

14 10-1i -10+1i 0+1i 0+1i -10-1i -1 1 -1 3.682 1.661

15 1 1 1 10+1i -1 1 -1 -10+1i 1 3.688 1.662

16 1 1 10-1i 10+1i 0-1i 0+1i 10-1i -1 3.688 1.664

17 1 -10-1i 0-1i -1 -1 10-1i 10+1i 0+1i 3.715 1.739

18 10+1i 0+1i 1 -10+1i -1 1 1 10-1i 3.715 1.740

19 10+1i 0+1i 0+1i 0-1i -10-1i 0+1i -1 -10+1i 3.715 1.741

20 1 -10-1i 10-1i 0-1i 0+1i 1 -10-1i 0-1i 3.715 1.743


image15.emf
Index PS #1 PS #2 PS #3 PS #4 PS #5 PS #6 PS #7 PS #8 PS #9 PS #10 PS #11 PAPR CM

1 10+1i -10-1i 10+1i -10-1i 10+1i -1 3.344 1.411

2 1 1 1 1 1 1 1 1 1 1 1 3.352 1.413

3 10-1i -10+1i 10-1i -10+1i 10-1i -1 3.346 1.419

4 1 -1 1 -1 1 -1 1 -1 1 -1 1 3.344 1.420

5 1 10+1i -10-1i 10+1i -10-1i 10+1i 3.862 1.893

6 10+1i 0-1i 0+1i 0-1i 0+1i 0-1i 0+1i 0-1i 0+1i 0-1i 3.862 1.896

7 10-1i 0-1i 0-1i 0-1i 0-1i 0-1i 0-1i 0-1i 0-1i 0-1i 3.855 1.897

8 1 -10+1i 10-1i -10+1i 10-1i -10+1i 3.861 1.903

9 10-1i -10+1i 10-1i -10+1i 10-1i 0-1i 3.853 1.924

10 1 1 1 1 1 1 1 1 1 10+1i 3.846 1.927

11 1 -1 1 -1 1 -1 1 -1 1 -10+1i 3.853 1.929

12 10+1i -10-1i 10+1i -10-1i 10+1i 0-1i 3.844 1.932

13 1 -10+1i 0-1i -1 1 -10+1i 0-1i -1 1 3.869 2.158

14 10-1i 0-1i -1 -10+1i 1 10-1i 0-1i -1 3.877 2.162

15 10+1i 0+1i -1 -10-1i 1 10+1i 0+1i -1 3.885 2.164

16 10+1i 0-1i 1 -10-1i 1 -10-1i 0+1i -1 3.871 2.164

17 1 10-1i 0-1i -1 -1 -10+1i 0+1i 1 1 3.887 2.168

18 1 10+1i 0+1i -1 -1 -10-1i 0-1i 1 1 3.880 2.171

19 1 -10-1i 0+1i -1 1 -10-1i 0+1i -1 1 3.884 2.171

20 10-1i 0+1i 1 -10+1i 1 -10+1i 0-1i -1 3.887 2.173
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