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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#91, the agreements on CSI-RS sequence is as following:
Agreements
· Support mapping CSI-RS sequence to the resource grid at RE-level granularity
· Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource

There are two alternatives discussed in RAN1 AH#1801 for CSI-RS sequence generation:
· Alt-1: For all CSI-RS ports in one CSI-RS resource, same sequence is generated and mapped to the REs occupied by each CSI-RS port 
· i.e., CSI-RS sequence is generated based on the number of REs occupied by one CSI-RS port and mapped to the REs with one-to-one mapping
· Example:
· For a 1-symbol 4-port CSI-RS resource, port#0 and port#1 are placed on RE#0 and RE#1, port#2 and port#3 are placed on RE#2 and RE#3
· Before applying OCC, same sequence (e.g., [1+j, 1-j]/sqrt(2)) are used for port#0/1/2/3
· Alt-2: When mapping the reference signal sequence to the physical resources, the sequence is indexed by the subcarrier index k relative to subcarrier 0 in common resource block 0 (Reference Point A)
· Consequently, the sequence mapped to the physical resource is a subsampled version of  r(m), as generated from the Gold sequence
No agreement is achieved yet. In this contribution, we discuss our views on these alternatives.
2 Discussion
With Alt 1, if a CSI-RS resource occupies X PRBs in frequency domain with density 1, then the sequence length for each CSI-RS port is X. A length-X gold sequence with QPSK modulation is generated first, then the sequence is expanded by the OCC sequence in frequency domain. For example, if the OCC sequence length is 2, then the expanded sequence will have length 2X. The OCC sequence may be different for different CSI-RS ports. The expanded length-2X sequence is then mapped to all subcarrier of a specific CSI-RS port. Different CSI-RS ports may have same or different subcarrier positions within the PRB, depending on the CSI-RS port index. In a word, with Alt 1, the difference between different CSI-RS ports is the OCC sequence and subcarrier position.
With Alt 2, the CSI-RS sequence length depends on how CSI-RS ports are FDMed in a symbol and a PRB. For example, if the CSI-RS resource occupies X PRBs, and the density is 1, for 4 CSI-RS ports FDMed in frequency domain (there may be 8 CSI-RS ports in total, due to every two CSI-RS ports are multiplexed by FD-OCC) a length 4X sequence is necessary. The length 4X sequence will be divided into 4 subsequences, and each subsequence have length X. OCC is then performed to the length-X subsequence, and mapped to the corresponding subcarriers for a CSI-RS port. 
The difference between Alt 1 and Alt 2 is that Alt 2 can avoid having same value in different subcarriers of the same PRB for different CSI-RS ports. As the time domain signal is a weighted summation of frequency domain signal, with different values in different subcarriers, PAPR in time domain can be reduced compared to the same value case [4]. As a result, Alt 2 performs better than Alt 1 from PAPR perspective.
The sequence length of Alt 2 depends on the CSI-RS RE mapping pattern, which will determine the FDMed CSI-RS ports in a symbol per PRB. Different CSI-RS symbols of a single CSI-RS resource may have different number of FDMed CSI-RS ports, which leads to different sequences for different symbols. Performance may be impacted if different CSI-RS ports have different long common sequence. However, if this is a severe problem, gNB configuration of RE allocation for different CSI-RS ports can avoid this problem.
Considering the pros and cons of Alt 1 and Alt2, we slightly prefer Alt 2 due to better PAPR performance. And our proposal is:
Proposal: Support Alt 2, that is all the CSI-RS ports in the same symbol share a common long sequence, and the sequence for each CSI-RS port is a subsampled version of the shared long sequence.
3 Conclusion
In this contribution, we discussed the CSI-RS sequence design, and our proposal is as following:
Proposal: Support Alt 2, that is all the CSI-RS ports in the same symbol share a common long sequence, and the sequence for each CSI-RS port is a subsampled version of the shared long sequence.
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