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1 Introduction
 In RAN1 NR AH#2 meetings, following agreements are made regarding SRS design and related operations.
	Agreements:

· For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported
Agreements:
· Support antenna switching for SRS transmission within a carrier:

· FFS: Support at least [2Tx, 4Tx] switching

Agreements:

· From a UE perspective, NR supports one or both of the following options on a given carrier:

· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH

· Option 1-1 : symbol level TDM

· Option 1-2 : FDM

· Option 1-3 : both symbol level TDM and FDM

· FFS : details

· Note : other options are not precluded

· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

· FFS whether to have one prioritization rule, or configurable prioritization 

Agreements:

· 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

Agreements:

· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE

· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.


In this contribution, we discuss some consideration points on design of UL sounding reference signal for NR.
2 Discussion on SRS sequence design

Though UL system bandwidth in NR is broadened than that of LTE, the required number of UEs and each UE’s antennas per TRP can be grown more significantly so that it could results in shortage of SRS resources. In addition, allowing partial overlapping between partial band SRS resources for different UEs would provide more flexibility to network with regards to UL CSI acquisition and UL resource utilization. Meanwhile, SRS sequence generation and resource allocation with low PAPR/CM for cell-edge UEs is necessary for NR SRS. In RAN1 #89, ZC based sequence as NR SRS sequence was agreed and partial/full SRS overlapping among NR UEs has been considered.
There are representative candidates for NR SRS sequence generation allowing with partial/full SRS overlapping.

· Concatenated block ZC based SRS generation such as [1],[2]
· Although configurable frequency positions would be restricted at the unit of each block, block-wise partial/full overlapping would be possible. (E.g. the UEs overlapping block-wise partial/full SRSs could have a same ZC based sequence but different CSs (cyclic shift) such that the parameter setting results to be orthogonal each other.)
· With another alternative, sequence generation parameters (e.g. SRS ID for root value, CS, TC, and/or TC offset) would be set independently per each block. Then, sequence parameters in the overlapping blocks should be carefully set in order to be at least quasi-orthogonal.
· Truncation ZC based SRS generation such as [3]

· Over entire UL BW, a cell-specifically configured base sequence is generated and then each UE takes a segment truncated from the sequence. But among partial/full overlapping, UEs have different CSs for low-correlation property.
· SRS BW and position allocation can be more flexible (e.g. capable of every RBs allocation) than concatenated-block ZC based SRS.

· Combination of concatenated block ZC and truncation ZC based SRS generation
· In example [4], base sequence is generated over UL BW and then truncate it in the unit of block(s), where each block has different CS.
· With another alternative, according to UE PAPR/CM capability, network could offer configured SRS BW and configurable block lengths. If the SRS BW is not integer multiple of its block lengths, its last block is to be truncated and then the blocks is concatenated.
For comparison between above sequence generations, we evaluate CM performance as follows. It is noted that the CM definition from [5] is applied for CM evaluation.
Table 1. Simulation Parameters

	Attributes
	Value

	Bandwidth/FFT size
	9MHz/600(50RB)

	Sub-carrier Spacing
	15KHz

	SRS total RB number
	50RB

	SRS bandwidth candidates
	5,10,15,20,35,and 40 RB

	Max number of cyclic shift per SRS band
	12

	Comb size


	1

	Test trial
	5000 times for a test case


The evaluations are based on sounding BW in 9MHz with subcarrier spacing 15KHz. The SRS BWs are 5, 10, 15, 20, 35 and 40 RB. For comparison with OFDM CM level, the corresponding sequence is generated by random complex coefficient of QPSK at each RE unit as shown in Figures 1, 3, and 4.
For concatenated block ZC evaluation, we fixed that block length is 5RB. According to target SRS BWs, a ZC base sequence in a block is set by randomly generation parameters (e.g. root and CS) and then the blocks concatenated to become the target SRS BW. For instance, in case of SRS BW 15RB, total number of blocks is 3 and each block length consists of 5 RB (60 REs). Frequency position of allocating SRSs is configured randomly at a block interval.
For truncation ZC evaluation, we generate randomly a ZC base sequence over UL BW (50RB) and then truncate it considering the target SRS BW corresponding to its allocation position.
For evaluation of the combination of concatenated block ZC and truncation ZC base sequence generation, a block length is formed by 20 RB length. Which block would be truncated is determined with respect to the SRS BW. For example, if SRS BW is 35RB, then number of block for the SRS BW is 2 and ZC base sequence is generated for the each block. After all, 2nd block would have 15 RB length by getting rid of the last 5RB sequence. Therefore, the 35RB SRS BW consists of 2 concatenated blocks of which first block has 20 RB length and second block has 15RB length by the truncation.
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Figure 1. CM Comparison between concatenated block ZC base sequence and OFDM (QPSK).
In figure 1, we observe that CMs increase as the number of concatenated blocks increases. In the long run, the CMs are approaching and saturating to OFDM CM level.
Observation #1: CM increases as the number of concatenated blocks increases and could approach the CM level of OFDM.
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(a) Configurable SRS blocks by UE capability                       
      (b) frequency position

Figure 2. Configurable SRS blocks and frequency position of SRS resource allocation
With respect to observation 1, it is desirable to set as large block length for the cell edge UEs (e.g. UE2 and UE4 in figure 2(a)). On the other hand, it is possible to set as relatively small block length for cell-centered UEs (e.g. UE 1 and UE 3 in figure 2(a)). For setting block length per UE with its resource allocation, we would recommend that the configurable block length is multiple of a pre-defined minimum block length illustrated in figure 2 (b) and the frequency position of allocated SRS resource should be cell-specifically aligned in the unit of minimum block length. (e.g.
[image: image4.wmf]01

fmK

=´

 , 
[image: image5.wmf]_

0,...,1

ULBW

mM

=-

 where 
[image: image6.wmf]_

ULBW

M

 is the total number of minimum blocks over UL system BW) Therefore, SRS BW and SRS resource allocation position could be configurable in the unit of minimum block length. However, selection of configurable SRS BWs should be restricted by multiple of configured block lengths. Meanwhile, for orthogonality between UEs having different block lengths, it is required that they should multiplex by FDM (e.g. different TC and TC offset).
Proposal #1: Support configurable block length and the number of blocks for concatenated block ZC based SRS sequence generation.
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Figure 3. CM Comparison between truncation ZC based sequence and OFDM (QPSK).
On truncation ZC based sequence shown in figure 3, if the eliminated amount of sequences by truncation is substantially large (e.g. SRS BW = 10, 15, 20RB out of UL BW 50 RB), the CM level would exceed to OFDM CM level. On the other hand, if only small portion of generated ZC base sequence would be removed, the CM degradation is not critical.
Observation #2: CM level of truncation ZC based SRS could be worse than that of OFDM if the truncated portion is relatively large compared to the whole UL BW
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Figure 4. CM Comparison between combination of concatenated block ZC and truncation ZC based sequence and OFDM (QPSK).
For compensating the drawbacks of concatenated block ZC and truncation ZC based sequence generation, two generation methods can be used jointly. That is, configured block length would be set at appropriately a level with limited number of blocks (e.g. 50RB in 100RB UL BW, or 20RB in 60RB UL BW) and then generate ZC based sequence per a block by each sequence parameter settings. Truncation of the sequences could be conducted on a block unit so that the truncated amount of generated sequence would be less than the SRS truncation over a UL BW in accordance with SRS BW configuration. Therefore, it can be lower CM and/or PAPR by appropriate setting of sequence parameters per a block. 
Observation #3:  Sequence generation with combined use of both concatenated block ZC and truncated ZC can achieve reasonably low PAPR/CM performance without having the constraint of integer multiple relationship between SRS BW and a block length.
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Figure 5. Example of frequency position for SRS resource allocation in the mixed sequence generation
Another advantage of the mixed sequence generation is that the configurable SRS BWs would be more flexible than only concatenated SRS case. SRS BW composed with multiple units of minimum block length 
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 alignment as we already mentioned could offer a better coordination for SRS resource allocation of the mixed sequence generation.
For instance, minimum block length and target block length is respectively configured by 5 RB and 10 RB. The starting position 
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 of SRS resource is 15 RB and SRS BW is 35 RB. Therefore, the number of blocks is 2 and the parameter setting per a block is conducted. By the way the last 5RB in 2nd block generated over the target block length 10RB is ruled out and the 2 blocks are concatenated. After all, the SRS resource is allocated from 15RB to 50RB.

One thing we should make sure for the mixed sequence design is that sharing ZC base sequence in truncated blocks would be necessary for overlapping UEs allocated to the truncated blocks for quasi-orthogonality.
3 Discussion on SRS sequence ID
As agreement #89, UE-specific SRS sequence ID is applied at least for ZC sequence root. Therefore, it seems sufficient to configure additional root offset parameters 
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for each i-th block, so that the root value for i-th block is determined by the configured SRS sequence ID and 
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, as illustrated in Figure 6. Note the root offsets can be properly set by gNB implementation in order to have low PAPR and/or CM.
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Figure 6. An illustration on root values determined per block (#block = 4) 
We propose as below based on discussion of chapter 2 and 3.
Proposal #2: Support concatenated block ZC based SRS sequence generation with following details:

· SRS sequence for each block is generated based on length-N ZC sequence.

· N corresponds to the available SRS REs for one block. 
· Different base sequences and CS values can be used for each length-N ZC.

· Root value for i-th block is determined by a configured SRS sequence ID and 
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 is a root offset parameter configured for i-th block. 
· CS values for each block are configured by network.

· If configured SRS bandwidth is not an integer multiple of block length, the sequence for the last block is truncated.

· Block length is configurable as multiple of minimum block length.

· Frequency starting position is set in the unit of minimum block length.
4 Discussion on SRS frequency hopping
For UL resource allocation of UEs having low transmitted power, hopping of SRS transmission resources can be considered to acquire UL CSI over UL bandwidth. Inter-slot hopping should be supported in NR, which has already been supported in LTE systems as well. It should be carefully investigated, however, whether intra-slot hopping is also necessary or not. Although intra-slot hopping provides additional benefits in the perspective of faster CSI acquisition, more specification efforts are required. For example, PUSCH rate matching should depend on time/frequency patterns of actually transmitted SRS within a slot, so that enhanced rate matching configurations and indication mechanisms need to be investigated in order not to lose UL throughput performance. Also, DCI design at least for aperiodic SRS triggering should support sufficiently flexible SRS triggering states indicating how many symbols and hopping patterns per SRS resource as well as how many SRS resources themselves triggered on the slot. In addition, if hopping is enabled, whether other SRS related parameters such as sequence initialization parameters, CS values, comb values, and so on, are also varying according to the hopping pattern or not need to be investigated as well.
Proposal #3: Inter-slot hopping should be supported in NR, whereas intra-slot hopping need further investigation.

5 Multiplexing SRS and PUCCH
In agreements at RAN1 #89 and AH#2, structure of short PUCCH can be formed in one or two symbols, and structures of Long PUCCH in a slot can be formed from 4 to 14 OFDM symbols. Considering UE implementation, TDM between SRS and PUCCH does not have any issues because TDM doesn’t affect to UL PAPR/CM requirement. On the other hand, it needs to be investigated whether multiplexing SRS and PUCCH by FDM can be allowed in consideration of relaxed requirement for PAPR/CM performance in NR. If it would allow FDMed manner between them, we could consider to separate SRS and at least long duration PUCCH in frequency domain by configuring different resource allocations between SRS and PUCCH. In another example, PUCCH resource can hop along with SRS hopping pattern in slot-level, such that SRS and PUCCH can be FDMed with hopping as well.
With another issue, dropping rules need to be specified at least for short duration PUCCH and SRS collision and for PUCCH and aperiodic SRS collision. Furthermore, such collision cases may happen in some partially overlapping symbol(s) between them, so that clear rules to handle various collision cases need to be determined.
Proposal #4: Consider FDM between long duration PUCCH and SRS in a semi-statistic way. In addition, dropping rules need to be specified at least for short duration PUCCH and SRS collision and for PUCCH and aperiodic SRS collision.
6 Conclusion

Based the discussions above, we have the following observations and proposals:
Observation #1: CM increases as the number of concatenated blocks increases and could approach the CM level of OFDM.
Observation #2: CM level of truncation ZC based SRS could be worse than that of OFDM if the truncated portion is relatively large compared to the whole UL BW
Observation #3:  Sequence generation with combined use of both concatenated block ZC and truncated ZC can achieve reasonably low PAPR/CM performance without having the constraint of integer multiple relationship between SRS BW and a block length.
Proposal #1: Support configurable block length and the number of blocks for concatenated block ZC based SRS sequence generation.

Proposal #2: Support concatenated block ZC based SRS sequence generation with following details:

· SRS sequence for each block is generated based on length-N ZC sequence.

· N corresponds to the available SRS REs for one block. 
· Different base sequences and CS values can be used for each length-N ZC.

· Root value for i-th block is determined by a configured SRS sequence ID and 
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 is a root offset parameter configured for i-th block. 

· CS values for each block are configured by network.

· If configured SRS bandwidth is not an integer multiple of block length, the sequence for the last block is truncated.

· Block length is configurable as multiple of minimum block length.

· Frequency starting position is set in the unit of minimum block length.

Proposal #3: Inter-slot hopping should be supported in NR, whereas intra-slot hopping need further investigation.

Proposal #4: Consider FDM between long duration PUCCH and SRS in a semi-statistic way. In addition, dropping rules need to be specified at least for short duration PUCCH and SRS collision and for PUCCH and aperiodic SRS collision.
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