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In this contribution, we discuss a common framework for generating RS sequences for DMRS (for CP-OFDM), TRS, and CSI-RS. We also discuss general principles for RS multiplexing for uplink and downlink.
[bookmark: _Ref178064866][bookmark: _Toc485404342][bookmark: _Toc485404412][bookmark: _Toc485407917][bookmark: _Toc490132687][bookmark: _Toc490212599][bookmark: _Toc490212635][bookmark: _Toc490244828][bookmark: _Toc492907742][bookmark: _Toc492907752][bookmark: _Toc492910097][bookmark: _Toc494741239][bookmark: _Toc494741459]Discussion
[bookmark: _Toc494741240][bookmark: _Toc494741460][bookmark: _Toc490132688][bookmark: _Toc490212600][bookmark: _Toc490212636][bookmark: _Toc490244829][bookmark: _Toc492907743][bookmark: _Toc492907753][bookmark: _Toc492910098]RS sequence generation
In order to randomize inter-cell interference across multiple symbols with RS we propose to introduce a dependency between symbol index and the RS sequence initialization. Note that the randomization has the purpose of avoiding biased measurements due to systematic properties in the interference, hence the number of symbols between repeated RS sequences need not be larger than the foreseeable length of the memory in the receiver algorithms. We do not see a need to increase the number of bits in the initialization seed cinit to create a longer periodicity in the wrap-around than for LTE. From this perspective, we propose to keep the same sequence as in LTE (Gold-31). 
Depending on configuration, reference signals of different types may be mapped to the same REs and transmitted from different transmission points. In a synchronized network this means that interference may not be randomized unless care is taken to ensure that reference signal sequence initialization differs between all transmission point that may interfere with each other for all RS that may occupy the same REs. Note that this may be a problem even if the overlap in terms of mapped REs is only partial (e.g. TRS may only use every 4th subcarrier but DMRS every second). This is because sequences are resource specific. This may become a complex coordination problem, in particular as coordination needs to be done for all combinations of reference signals, not only per reference signal type. Given the discussion above we propose:
[bookmark: _Toc494741241][bookmark: _Toc494741461]Generate the sequence for CSI-RS, DMRS for CP-OFDM, and TRS based on the length-31 Gold sequences using the polynomials as specified for LTE
[bookmark: _Toc494741242][bookmark: _Toc494741462]Initialize RS sequence generator for CSI-RS, DMRS for CP-OFDM, and TRS based on at least a UE specifically configured ID and a symbol counter with a wrap-around of several slots
[bookmark: _Toc494741243][bookmark: _Toc494741463]The sequence initializer use the same formula for CSI-RS, DMRS for CP-OFDM, and TRS.
[bookmark: _Toc494741244][bookmark: _Toc494741464]Define sequence initialization such that reference signals of different type always have different sequence initialization independent on the UE specifically configured ID
[bookmark: _Toc494741245][bookmark: _Toc494741465]We propose to define the sequence initializer so that
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[bookmark: _Toc494741247][bookmark: _Toc494741467]where the function f(..) and N are selected to use a maximum on 21 bits,  is specific for the reference signal type (TRS would have one value, DMRS one value, etc), and  is a UE specifically configured ID (that may differ for different RS configured for the same UE) using maximum 10 bits. The function f(…) should be selected so that if .

[bookmark: _Toc494741468]General principles for RS multiplexing for downlink
For simplicity of exposition in the following, by FDM we mean FDM within an OFDM symbol within a RB.
DMRS and PTRS are required for demodulating data. Reducing density of DMRS, or puncturing to make room for another RS will lead to reduced spectral efficiency of the associated data transmission, provided DMRS density is already matched to the scenario.
[bookmark: _Toc485367949][bookmark: _Toc485368002][bookmark: _Toc490132689][bookmark: _Toc492907754][bookmark: _Toc492914112][bookmark: _Toc494741469]DMRS should have precedence over all other RS.
[bookmark: _Toc485367950][bookmark: _Toc485368003][bookmark: _Toc490132690][bookmark: _Toc492907755][bookmark: _Toc492914113][bookmark: _Toc494741470]DMRS and PTRS are TDM. PTRS can be FDM with any other RS that is also FDM with data, such as CSI-RS.
In order to support FDM between CSI-RS and PTRS we propose to make CSI-RS flexible enough to avoid subcarriers where PTRS may be mapped (that we propose are determined by DMRS configuration [3] independent of CSI-RS configuration). See more details in [4]. We also propose a subcarrier mapping for PTRS that is beneficial for FDM with CSI-RS [2] .
Analog and hybrid beamforming will pose restrictions on how many concurrent beams are used. DMRS and data use the same precoder – hence a restriction in the number of concurrent beams is not a limiting factor to decide FDM between DMRS and data. 
However, FDM between CSI-RS and DMRS may be limited by this analog BF restriction. Hence if DMRS is not occupying all RE within symbols that carry DMRS, those RE are better used for data, compared to used for CSI-RS, and thus CSI-RS should be mapped to other OFDM symbols. In addition, the DMRS footprint will be dynamically varying (depending on, e.g., instantaneous rank of data transmission), this makes FDM with CSI-RS (which typically is configured semi-statically) potentially problematic. 
There are many different scenarios for multiplexing of RS in a slot, and also different number of DL symbols in a slot. Assume, as an example, a situation with 3 symbol PDCCH, 4 symbol DMRS, 4 symbol. CSI-RS and 3 symbol TRS. Given the arguments above, a flexible system design would probably require FDM of TRS and CSI-RS. We also note that a comb with repetition factor 4 has been agreed for TRS. This makes FDM with CSI-RS feasible for most CSI-RE pattern configurations. Given that both signals typically are wideband signals and that puncturing would impair channel estimation performance we propose:
[bookmark: _Toc485367952][bookmark: _Toc485368005][bookmark: _Toc490132692][bookmark: _Toc492907757][bookmark: _Toc492914115][bookmark: _Toc494741471]FDM between CSI-RS and TRS in a RB is supported.
It has previously been agreed that the SS block occupies a set of 12 consecutive PRBs in frequency and four consecutive symbols. If CSI-RS would be punctured to make room for the SS-block, creating a non-uniform CSI-RS footprint across frequency, CSI-reporting accuracy may be degraded which would affect performance in subsequent transmissions. However, for beam management measurements this can still be supported as it relies on RSRP measurements. 
[bookmark: _Toc494741472][bookmark: _GoBack]If a NZP CSI-RS resource used for beam management collides with SSB, then the UE shall not expect that NZP CSI-RS is transmitted in the REs occupied by the SSB
[bookmark: _Toc492907759][bookmark: _Toc492914117][bookmark: _Toc492914205][bookmark: _Toc492914774][bookmark: _Toc494741253][bookmark: _Toc494741473]For details on our proposals for mapping of TRS, PTRS, DMRS, and CSI-RS, see [1],[2],[3], and [4] , respectively.
[bookmark: _Toc492907760][bookmark: _Toc492910100][bookmark: _Toc494741254][bookmark: _Toc494741474]General principles for RS multiplexing for uplink
We note that PTRS is only needed in symbols with data. Hence, as SRS is TDM with PUSCH from UE perspective, we propose:
[bookmark: _Toc492907761][bookmark: _Toc492914118][bookmark: _Toc494741475]Transmission of SRS and PTRS in the same OFDM symbol from a UE is not supported
We also note that, according to agreement, PTRS is associated with a single DMRS port. This means that DMRS may be used as phase tracking RS in OFDM symbols with DMRS.
[bookmark: _Toc492914119][bookmark: _Toc494741476]Transmission of UL DMRS and PTRS in the same OFDM symbol from a UE is not supported
The transmit power of SRS and PUSCH may differ significantly, due, e.g., to differing transmission bandwidth. Such power level changes cause transients, and we therefore propose to avoid scenarios where PUSCH is transmitted after SRS in the same slot.
[bookmark: _Toc492907763][bookmark: _Toc492914120][bookmark: _Toc494741477]From a UE perspective, PUSCH is transmitted exclusively before SRS in a slot
We also note that additional DMRS need to be placed before SRS in a slot. Details on UL DMRS placement is given in [3].
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Based on the discussion in this contribution we propose the following:
Proposal 1	Generate the sequence for CSI-RS, DMRS for CP-OFDM, and TRS based on the length-31 Gold sequences using the polynomials as specified for LTE
Proposal 2	Initialize RS sequence generator for CSI-RS, DMRS for CP-OFDM, and TRS based on at least a UE specifically configured ID and a symbol counter with a wrap-around of several slots
Proposal 3	The sequence initializer use the same formula for CSI-RS, DMRS for CP-OFDM, and TRS.
Proposal 4	Define sequence initialization such that reference signals of different type always have different sequence initialization independent on the UE specifically configured ID
Proposal 5	DMRS should have precedence over all other RS.
Proposal 6	DMRS and PTRS are TDM. PTRS can be FDM with any other RS that is also FDM with data, such as CSI-RS.
Proposal 7	FDM between CSI-RS and TRS in a RB is supported.
Proposal 8	If a NZP CSI-RS resource used for beam management collides with SSB, then the UE shall not expect that NZP CSI-RS is transmitted in the REs occupied by the SSB
Proposal 9	Transmission of SRS and PTRS in the same OFDM symbol from a UE is not supported
Proposal 10	Transmission of UL DMRS and PTRS in the same OFDM symbol from a UE is not supported
Proposal 11	From a UE perspective, PUSCH is transmitted exclusively before SRS in a slot
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