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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#88bis[1], following were agreed on SRS sequence generation method in NR:

Agreements:
· Support configurable SRS sequence ID by UE specific configuration if SRS sequence ID is supported
· Configuration examples: 
· higher layer 
· high layer + L1 signalling, If hierarchical indication of SRS sequence ID is supported, (example: base sequence ID and/or phase rotation ID)

Agreements:
· 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

In this contribution, we discuss SRS sequence generation method. 
Discussion
SRS sequence design
In LTE, Zadoff-Chu (ZC) sequence which has low PAPR/CM property, ideal auto-correlation and low cross-correlation property is used as base sequence for SRS. To use other sequences [2, 3] for SRS in NR was discussed such as Golay sequence and PN sequence. The cross-correlation property and PAPR/CM property of Golay sequence and PN sequence are worse than that of ZC sequences and we think these are important also in NR. Therefore, we propose ZC sequence is used for NR SRS. Also, ZC sequence can be applied in both CP-OFDM and DFT-s-OFDM.
Proposal 1: Zadoff-Chu (ZC) sequence should be used for NR SRS for both CP-OFDM and DFT-s-OFDM cases. 

SRS bandwidth
Although exact minimum UE capability is not yet concluded, based on the following decision, at least the minimum capability would be the order of 5 or 10 MHz in up to 6GHz and 40 or 80MHz in up to 52.6GHz is expected [4]. 
	Agreements:
· For carrier supporting initial access,
· For frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent
· For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent
· RAN1 considers that RAN4 will determine mapping between frequency band and minimum carrier bandwidth value in consideration with above
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· NR minimum carrier bandwidth for mMTC is FFS


For maximum channel bandwidth (CHBW) in Rel.15, the following was agreed [5].
	· For bands below 6GHz 
· 100MHz maximum CHBW
· For bands above 24GHz
· 400MHz maximum CHBW


In order to support such different variation of UE category/capability, NR SRS needs to support more flexible operation than LTE SRS. In LTE, only one transmission SRS is within one carrier. To support simultaneous SRS transmission requires CA operation in LTE. In NR, in order to support wider operation without CA but to obtain channel response on multiple frequency positions simultaneously, multiple SRS transmission within one carrier is also necessary.
In addition to flexible UE bandwidth capability, the optimum SRS bandwidth also depends on UE specific channel variation. When UEs are located in good SINR condition, to have wider SRS bandwidth and/or multiple SRS transmission with lower PSD would be useful to obtain the channel condition simultaneously. When UEs are located in poor SINR condition, to have single narrower SRS bandwidth with higher PSD would be useful to increase the coverage of SRS. In this case, frequency hopping is essential. In order to support such different conditions of UE's SRS, flexible SRS bandwidth operation is essential.
When scheduling SRS to multiple UEs with different SRS bandwidths and partial overlap in the same symbol, it is important that NR SRS maintains orthogonality between SRS sequences. In order to keep orthogonality between sequences with different SRS bandwidths and partial overlap, multiple block-based SRS can be used. Multiple block-based SRS is generated by using a plurality of ZC sequences having a sequence length corresponding to certain frequency resource block (X[PRB]) as shown in Fig. 1. When these multiple block-based SRSs are contiguous in the frequency, it is seen as wideband SRS transmission. When these multiple block-based SRSs are non-contiguous in the frequency, it is seen as multiple SRS transmissions in a NR carrier. By such multiple block-based SRS transmission, orthogonality can be kept with single block-based SRS transmission.
Within one block based SRS transmission, orthogonality among multiple UEs can be kept by using different cyclic shift (CS) among UEs when scheduled SRS to multiple UEs are at least partially overlapping.
The relation between certain frequency resource block size of one ZC sequence (X[PRB]), partial bandwidth and sub-band size agreed at RAN1#88 meeting is FFS.
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[bookmark: _Ref473225165]Fig. 1 Multiple block-based SRS
Proposal 2: When SRS bandwidth is wider than certain frequency resource block (X[PRB]), multiple block-based SRS using a plurality of ZC sequences should be used because frequency scheduling can be more flexible with maintaining the orthogonality among multiple SRSs.

Sequence generation with multiple block-based SRS
If base sequence and CS value used in each frequency block are the same, the PAPR/CM becomes very high. Then, both base sequence and CS value should be allowed to be differentiated. When many different base sequences are used simultaneously, interference among these different sequences may increase due to insufficient number of sequences. Therefore, at least CS value used in each frequency block should be allowed to be differentiated.
Figure 2 shows the cumulative distribution function (CDF) of cubic metric (CM) of multiple block-based SRS when the same sequence is used among multiple blocks. In the evaluation, the ZC base sequence number set to any one of 1 to 46 but the sequence number is the same for all frequency blocks. CS value in each frequency block is randomly selected from 0 to 11. The frequency block size X and the SRS bandwidth are set to 4 PRBs and 16 PRBs, respectively. Then, SRS of 16 PRBs bandwidth consists of X=4 frequency blocks as shown in Fig. 1. 
According to the evaluation, the CM value varies from 0.7dB to 8.4dB, which depends on the combination of CS values for each frequency block. Since the CM of OFDM data is 4.0 dB, it could be possible that CM of multiple block-based SRS becomes higher than that of OFDM data with a probability of 13%.
Especially, when all CS values in each frequency block are the same, the CM becomes very high. For example, when the ZC base sequence number is 5 and CS values are all 0, the CM becomes 8.4dB.  In addition, when the CS value of each frequency block changes monotonously, the CM also becomes high in specific ZC sequence number. For example, when the ZC base sequence number is 2 and CS value of each frequency block increases by 1 increment (e.g., CS#a =0, CS#b=1, CS#c=2, CS#d=3), the CM becomes 5.1dB.
Therefore, for CS value setting for frequency block, whether specific CS value allocation such as allocating the same CS value or monotonically changed CS values should be discussed.
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[bookmark: _Ref473227679]Fig. 2 CDF of CM for multiple block-based SRS

Proposal 3: Both sequence and CS value should be allowed to be differentiated for one UE’s multiple block-based SRS transmission. However, following case should be prevented in order to avoid PAPR/CM increase.
· The same sequence but the same CS value simultaneously.
· The same sequence but the CS value increases monotonically. 

Fig. 3 shows the CDF of CM comparison between non-continuous block allocation and continuous block allocation. For the continuous block allocation, the evaluation conditions are the same as in Fig. 2. For non-continuous block allocation, SRS is allocated at 4 PRBs intervals as shown in Fig. 4. The other conditions are the same as in Fig. 2.
According the evaluation, there is no big difference of CM/PAPR between non-continuous block allocation and continuous block allocation in the case of multiple block-based SRS. On the other hand, non-continuous block allocation would increase the emission of the outside of the band/allocation. Even so, non-continuous block allocation is quite useful for larger bandwidth with less latency. Therefore, simultaneous transmission with non-continuous block allocation should be supported. However, SRS sequence should be generated so that PAPR/CM of SRS does not exceed that of OFDM data. It would also be necessary to consider the CS value allocation for each frequency block.
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[bookmark: _Ref473547021]Fig. 3 CDF of CM comparison between non-continuous block allocation 
and continuous block allocation
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[bookmark: _Ref473549798]Fig. 4 Simultaneous SRS transmission with non-continuous block allocation

Proposal 4: Simultaneous transmission with non-continuous block allocation should be supported in order to estimate CSI with large bandwidth in less latency.

Conclusion
In this contribution, we discussed SRS sequence generation method and we have the following proposals:
Proposal 1: Zadoff-Chu (ZC) sequence should be used for NR SRS for both CP-OFDM and DFT-s-OFDM cases.
Proposal 2: When SRS bandwidth is wider than certain frequency resource block (X[PRB]), multiple block-based SRS using a plurality of ZC sequences should be used because frequency scheduling can be more flexible with maintaining the orthogonality among multiple SRSs.
Proposal 3: Both sequence and CS value should be allowed to be differentiated for one UE’s multiple block-based SRS transmission. However, following case should be prevented in order to avoid PAPR/CM increase.
· The same sequence but the same CS value simultaneously.
· The same sequence but the CS value increases monotonically. 
Proposal 4: Simultaneous transmission with non-continuous block allocation should be supported in order to estimate CSI with large bandwidth in less latency.
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