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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#89[1], following were agreed and concluded on SRS sequence generation method in NR:

Agreements:
· ZC based sequences shall be used for NR SRS sequence design

Conclusion:
· Regarding SRS sequence design, companies are encouraged to perform evaluations considering:
· Alt-1 SRS sequence generation is not a function of allocated PRB position
· Alt-2 SRS sequence generation is a function of allocated PRB position
· Aim to conclude next meeting

Agreements:
· 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.

In this contribution, we discuss SRS sequence generation method. 
Discussion
When multiple UEs with different SRS bandwidths transmit SRS in the same symbol, it is important that NR SRS keeps low correlation between SRS sequences. In order to keep low correlation between sequences with different SRS on partially-overlapped time-frequency resources, the following four options have been proposed as SRS generation methods of Alt-1 and Alt-2.

Option-1：Alt-1 & SRS bandwidth-wise sequence design [2]
Option-1 is Alt-1 SRS sequence design wherein SRS is not a function of allocated PRB position but a function of the SRS bandwidth like LTE SRS.
In option-1, when gNB schedules SRS to multiple UEs on partially-overlapped time-frequency resources, the multiple UEs use the different ZC root number as shown in Fig. 1. If multiple SRSs use the same root sequence in the overlapping REs, the orthogonality of cyclic shift is not available and the interference becomes large.
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[bookmark: _Ref483591680]Fig. 1 Example of option-1 design
· Pros:
· This option is low CM/PAPR property as same as LTE SRS. 
· This option can be applied with the same design principle as LTE. Therefore, the detail of SRS sequence generation can be reused from LTE design.
· Inter-cell interference can be kept as same as LTE SRS because the cross-correlation property between different SRS sequences is same as LTE SRS.
· Cons:
· The intra-cell interference increases compared to LTE SRS because the orthogonality between multiple SRSs on partially-overlapped time-frequency resources is not available.

Option-2：Alt-1 & block-wise sequence design [3]
Option-2 is Alt-1 SRS sequence design and block-wise sequence design.
In option-2, the multiple UEs use the same ZC root number on only partially-overlapped time-frequency resources when multiple UEs transmit partially overlapped time-frequency resources. That means the UE uses a block concatenated sequence like as UE#2 in Fig. 2. 
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[bookmark: _Ref483594798]Fig. 2 Example of option-2 design
· Pros:
· In case SRS is generated by one sequence, CM/PAPR is low as same as LTE SRS.
· Intra-cell interference is low as same as LTE SRS because the orthogonality between multiple SRSs on partially-overlapped time-frequency resources is available by using cyclic shift.
· Cons:
· In case that SRS is generated by concatenating multiple sequences, CM/PAPR increases.
· Signalling overhead is increased for indication of ZC root number and cyclic shift because overlapped zone is not a function of allocated PRB position. 
· The detail of SRS sequence generation (e.g., how to allocate ZC sequence number or cyclic shift for each sequence, how overlap is identified) is FFS.

Option-3：Alt-2 & block-wise sequence design [4][5][6][7]
Option-3 is Alt-2 SRS sequence design wherein SRS is a function of allocated PRB position and block-wise sequence design.
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. 3. By such multiple block-based SRS transmission, orthogonality can be kept within each single block.
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[bookmark: _Ref484001433]Fig. 3 Example of option-3 design
· Pros:
· When SRS bandwidth equals to certain frequency resource block (X[PRB]), CM/PAPR is low as same as LTE SRS. 
· Intra-cell interference is low as same as LTE SRS because the orthogonality between multiple SRSs on partially-overlapped time-frequency resources can be kept by using cyclic shift.
· Cons:
· When SRS bandwidth is wider than X[PRB], CM/PAPR increases. The value of X[PRB] can be set for each comb. Therefore, power limited UE can be also supported by setting small block size on a comb.
· The detail of SRS sequence generation (e.g., how to allocate ZC sequence number or cyclic shift for each block) is FFS.

Option-4：Alt-2 & long sequence design [7]
Option-4 is Alt-2 SRS sequence design with long sequence design.
In option-4, long sequence for complete carrier bandwidth is defined and SRS is configured to extract a segment of the long sequence. The SRS resource is divided into a number of blocks and a cyclic shift is applied to the sequence within each block as shown in the Fig. 4. By such multiple block-based SRS transmission, orthogonality can be kept within single block as well as option-3. 
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[bookmark: _Ref483829355]Fig. 4 Example of option-4 design
· Pros:
· Intra-cell interference is low as same as LTE SRS because the orthogonality between multiple SRSs on partially-overlapped time-frequency resources can be kept by using cyclic shift.
· Cons:
· CM/PAPR increases. However, CM is 0.5dB higher than LTE SRS according to the evaluation in [8].
· Inter-cell interference might be increased compared with LTE SRS. If ZC root numbers of long sequence are selected considering low CM property preferentially, the cross-correlation property may be worse.
· The detail of SRS sequence generation (e.g., how to select ZC sequence number or cyclic shift for each block) is FFS.

Consideration
In NR phase 1, SRS of option-1 design (Alt-1) should be supported to finalize phase 1 until Dec 2017 because we can keep the same design principle as LTE.
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 condition on multiple frequency positions simultaneously, multiple SRS transmission within one carrier is also necessary. 
Therefore, NR phase 1 should at least support that SRS of option-1 design can be transmitted within limited frequency portion divided within NR carrier simultaneously as shown in the Fig. 5. It can be realized by triggering to a UE the multiple SRS configurations simultaneously. It is similar to CA operation in LTE is realized within one carrier. 
Alt-2 (option-3 or option-4) has some advantages. Therefore, NR should consider Alt-2 design more details for NR phase 2.
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[bookmark: _Ref485216196]Fig. 5 Simultaneous multiple SRS transmission within a NR carrier

Conclusion
In this contribution, we discussed SRS sequence generation method and we have the following proposals:
Proposal 1: In phase 1, SRS of option-1 design (Alt-1) should be supported to finalize phase 1 until Dec 2017.
Proposal 2: NR should support that SRS of option-1 design can be transmitted within limited frequency portion divided within NR carrier simultaneously.
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