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1. Introduction
At the RAN1 #89 meetings [1], we have made several progresses on NR SRS design. On SRS sequence design issues, following agreements have been reached,
	Agreements:
· ZC based sequences shall be used for NR SRS sequence design.
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.


There is a remaining issue inherited from RAN1 #88bis meeting about SRS sequence design. We have a conclusion at RAN1 #89 meetings as,
	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


In this paper, we will discuss several issues on NR SRS design, especially on SRS sequence design.
2. Discussions on NR SRS Design
2.1.  On SRS Sequence Design

Two alternatives about SRS sequence design principles have been proposed since RAN1 #87 meetings [2], where two alternatives are agreed for future study, The key issue between two alternatives are whether the SRS sequence should be decided by the allocated PRB positions or not. In the following, we analyse the pros and cons of these two alternatives.
With Alt-1 SRS sequence generation is not a function of allocated PRB position, it leads to an LTE-like SRS sequence generation scheme. The benefit of this scheme is the low PAPR/CM since one can assign ZC sequence with proper length according to the allocated PRB size to UE. But the major concern about this scheme is the possible restriction on the SRS scheduling flexibility because its limited capacity to handle partially overlapped resource assignments when multiple-user (MU) transmissions of SRS is used.
About the capacity requirements on MU transmissions with partial overlapped resources, there are differences between SRS transmissions and PUSCH transmissions. For SRS, because its function is channel sounding, gNB will schedule UE to sweep the band part to be sounded regularly. Therefore, the SRS scheduling results of multiple UEs are more regular than that of PUSCH transmissions. With the regular frequency domain resource allocation, it is easier for gNB to handle the partial resource overlapping issue with limited orthogonal dimensions. Therefore, less requirements on partial overlapped resource assignment can be expected for SRS transmissions.

For SRS transmissions, IFDMA with comb 4 was already supported in LTE, which can be used for multiplexing of partially overlapped SRS. While for fully overlapped SRS transmissions, cyclic shift (CS) can be used to provide more multiplexing dimensions. For NR systems, we can consider the LTE approach as a starting point and further study if additional requirements on partially overlapped resource allocations should be introduced.

Based on these discussions, we think Alt-1 on NR SRS design can be supported as a baseline, and further study if it can satisfy the requirements. Therefore, we propose that,
Proposal 1: NR at least supports Alt-1 about SRS sequence design while the IFDMA configuration of LTE SRS can be regarded as a starting point for NR SRS design.

With Alt-2 SRS sequence generation is a function of allocated PRB position, additional orthogonal dimensions can be introduced by predefined sequences based on resource positions. To overcome the possible restriction on SRS resource allocation, a block-wise SRS, which has properties described in Alt-2, has been proposed in [3]. As shown in Fig.1, in block-wise design, system bandwidth is divided into blocks. Within each block orthogonal sequence is used among multiplexed UEs. When transmitting long SRS, multiple blocks are concatenated. Efficient resource management can be achieved with such scheme. 
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Fig.1: Outline of block-wise SRS design

From another point of view, block-wise SRS design can help inter-cell interference management, because TRP can select appropriate sequence so that it can be orthogonal to neighbour cell SRS without restriction on the sequence position as shown in Fig. 2. But total performance depends on the detailed design as mentioned above.
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Fig.2: Inter-cell interference management using block-wise SRS design

One of the major drawbacks of such block-wise SRS design is that it introduces larger PAPR or CM than that of Alt-1, which will eventually introduce SNR loss on the received SRS signals. Therefore, such alternative can be supported unless the necessary to introduce more orthogonal dimensions on SRS is fully justified.

Based on the analysis on the pros and cons of Alt-1 and Alt-2, we can observe that two alternatives are mutual complementation approaches. Therefore, it is worthy to be investigated that if there is any hybrid or configurable approach based on both alternatives, with which we can utilize the advantages of both alternatives.  Therefore, we have following proposals as,
Proposal 2: Further justify the necessary to support Alt-2 for NR-SRS.

Proposal 3: Hybrid schemes based on Alt-1 and Alt-2 can be considered in NR for the trade-off between PAPR/CM and flexibility.
2.2. On SRS Capacity
As we proposed in the previous section, the multiplexing configurations on LTE SRS can be served as a starting point to design NR SRS. However, the capacity of NR-SRS should be further enhanced to accommodate more UE antenna ports and simultaneous transmission from more UEs. If we further enlarge the IFDMA comb numbers or CS numbers, the effective symbol duration for channel estimation on time domain will become shorter and shorter, which introduces performance loss in scenarios that channel has large delay spread. To fulfil the requirements of NR-SRS capacity, another possibility is to consider non-orthogonal multiplexing schemes for SRS. For uplink transmissions, the receiver is at gNB side and has large degree-of-freedom (DoF) with MIMO. Therefore, advanced interference cancellation algorithms can be applied at the gNB side to mitigate the interference caused by non-orthogonal multiplexing. Non-orthogonal multiple access is a promising method to enhance the NR-SRS capacity. To support it, the potential specification impacts shall be studied and then specified in NR as us proposed,
Proposal 4: NR considers non-orthogonal multiplex access to increase the SRS capacity.

· FFS the necessary specification impacts to optimize the performance for non-orthogonal multiple access schemes.
3. Summary
In this contribution, we discuss several issues on NR SRS design. Based on these discussions, we have following observations and proposals,

Proposal 1: NR at least support Alt-1 about SRS sequence design while the IFDMA configuration of LTE SRS can be regarded as a starting point for NR SRS design.

Proposal 2: Further justify the necessary to support Alt-2 for NR-SRS.

Proposal 3: Hybrid schemes based on Alt-1 and Alt-2 can be considered in NR for the trade-off between PAPR/CM and flexibility.

Proposal 4: NR considers non-orthogonal multiplex access to increase the SRS capacity.

· FFS the necessary specification impacts to optimize the performance for non-orthogonal multiple access schemes.
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