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In RAN1 NR Ad Hoc #3, the following agreements were made regarding the sequence generation of RS and the multiplex of RS types:
[bookmark: _GoBack]Agreement (#90bis):
For the PN sequence for CP-OFDM, QPSK modulated DMRS is derived from the 
· Alt. 1: length-31 Gold sequence (as in LTE)
· Alt. 2: length-63 Gold sequence
Agreement:
When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.
Above applies at least for the case where DMRS and SS block are not overlapping in the frequency domain
[bookmark: _Hlk495360026]Above applies at least for the case where SS block and DMRS are spatially QCL-ed
Above applies at least for the case where the same subcarrier spacing is used for SS block and DMRS
Agreement:
Multiplexing schemes for TRS with DMRS/PDSCH/PDCCH/SS block follow the multiplexing schemes for CSI-RS with DMRS/PDSCH/PDCCH/SS block.
Agreement:
A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective.
Above applies at least for the case where PDCCH and CSI-RS are spatially QCL-ed, and FFS for multi-panel UEs
FFS: Use case when the above is applicable (ex: CSI reporting for wideband and partial band)
Note: CSI-RS BW discussion should be taken into account
Above at least applies for non-slot based cases
Above feature is supported for slot-based transmissions as well
Agreement:
A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
Above applies at least for the case where SS block and CSI-RS are spatially QCL-ed, FFS for multi-panel UEs. 
FFS: If non-QCLed, study UE’s behavior
Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 
Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS
Down select following alternatives:
Alt.1 Above applies for the cases: CSI-RS used for beam management and CSI acquisition
Alt.2 Above applies for the cases: CSI-RS only used for CSI acquisition
Alt.3 Above applies for the cases: CSI-RS only used for beam management


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 this section, we consider a common framework for the RS generation. We briefly discuss the insufficiency of the LTE sequence initialization if applied in NR. While keeping the same length-31 Gold sequence generator as in LTE, a new formula of initializing the sequence for NR RSs is introduced. Detailed technical motivation and evaluation of the proposed initialization mechanisms are given in [5], specific formulas proposed for CSI-RS and DMRS are given in [4], and [3] respectively.
The LTE pseudo-random binary sequence generator use 31-bit initialization of the linear feedback shift registers in which the initialization formulas for CRS and CSI-RS can be expressed for normal CP as product of the symbol counter  and scrambling ID for most significant bits (MSBs) and the scrambling ID for least significant bits LSBs:	

As has been noticed previously, reusing this formula in conjunction with a length-31 PRBS will not be possible in NR as the range of the radio frame OFDM symbol counter  can be considerably larger. 
It can be noticed that keeping the same wrap around duration of  in absolute time for NR with scaled numerology as was used in LTE (i.e. 10ms), will require a range of  of  where corresponds to a 10-slot radio frame (15 kHz SCS) and to a 320-slot radio frame (480 kHz SCS). The corresponding bit range of  will then be . Hence, at least 13 bits is needed for the term  if the same wrap around time is desired for NR as in LTE, which implies that the CRS/CSI-RS initialization approach of the LTE PRBS generator cannot be reused.
Another aspect that needs to be considered is that NR supports twice the number of physical cell IDs as LTE so the term requires at least 11 bits. This implies that  needs to be limited to 9 bits if  is to fit into the length-31 shift register.
Length-63 Gold sequences for PRBS based RS should only be considered if it is not possible to find any 31-bit initialization formula  that provides sequences with correlation properties matching LTE. We note that introducing length-63 Gold sequences would require a larger specification effort as both the polynomials defining the m-sequences and a new sequence initialization mechanism needs to be specified.
However, based on the evaluations conducted in [5], we see no issues with keeping the length-31 Gold sequence generation defined for LTE, even if increasing the bit width of the scrambling ID to 15 bits and keeping the 10ms wrap around duration of  as in LTE. We thus propose the following
[bookmark: _Toc498698373]Reuse the same length-31 Gold sequence generator as defined for LTE.
Depending on configuration, reference signals of different types may be mapped to the same REs when transmitted from different transmission points. In a synchronized network, this means that interference inter and intra RS may not be randomized unless care is taken to ensure that reference signal sequence initialization differs between all transmission points 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. CSI-RS/TRS may only use every 4th subcarrier but DMRS every 2nd) - this is because sequences are resource specific. This may lead to a complex coordination problem, 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: _Toc498698374][bookmark: _Toc494741243][bookmark: _Toc494741463]The PRBS generator use the same initialization formula at least for CSI-RS and DMRS 
The above proposal allows creating pseudo orthogonal sequences across RS by proper configuration by giving them different scrambling IDs. In order to avoid this configuration/coordination effort and to avoid reducing the set of available scrambling IDs (as the pool would be shared across CSI-RS and DMRS) we also propose:
[bookmark: _Toc494741244][bookmark: _Toc494741464][bookmark: _Toc498698375]Define  such that reference signals of different type always have different sequence initialization independent of the UE specifically configured ID
From a MU-MIMO perspective, it is beneficial to support multiple scrambling IDs per cell for DMRS - this allows for intra cell semi-orthogonal DMRS assignment between users with high spatial separation. Accordingly, as the number of cell identities in NR is 1008, the width of the scrambling ID should then be greater than 10 bits. A larger bit width could simplify network planning as cells may be assigned a unique range of scrambling IDs from a larger set.
As an example, consider NR deployed on an existing LTE grid (that will have cell-IDs selected to optimize reuse), then it is desirable to assign a range of scrambling IDs to each NR site/sector, and the ranges should be such that if two LTE cells have different cell-IDs, then the range of NR scrambling IDs mapped to the corresponding sites/sectors should be non-overlapping. 
Hence, we think that more than 10 bits in the UE specifically configured scrambling ID is beneficial for DMRS, and that this should also apply for CSI-RS (to enable a common structure of the sequence initialization between CSI-RS and DMRS as motivated further below). We also note that a bit width of 15 bits allows for many scrambling IDs per cell, assuming 210 unique physical cell identifiers: This is likely enough for the envisioned use cases.
[bookmark: _Toc498698376]The UE specifically configured scrambling ID for CSI-RS and DMRS use 15 bits 
Based on the aspects highlighted in this and the preceding sections, we propose the following structure of the PRBS initialization formula
[bookmark: _Toc498698377]Adopt as the PRBS initialization for DM-RS and CSI-RS 





where the addition is in standard sense, is the UE specifically configured scrambling ID with bit width B (proposed above to be 15 bits), is a constant specific for DMRS and CSI-RS,  is a constant integer selected to make bit width of  match that of  (it needs to be numerology dependent and should also be prime),  is selected so that no bit in  can be fixed to zero, and is a symbol counter with a wrap-around time of 10 ms. We propose that should differ with at least 140x25 = 4480 between DM-RS for CP-OFDM and CSI-RS. 
The proposed mechanism is evaluated [5], both for a bit width of 10 (to allow comparison to LTE) and with the proposed bit width of 15.
[bookmark: _Toc494741468]General principles for RS multiplexing for downlink
In this section, we discuss the general principle of multiplexing different RS types, and introduce the principle of handling potential collisions of different types of RSs. For simplicity of exposition in the following, by FDM we mean FDM within an OFDM symbol within a RB. 
We start with a general observation to prioritize the RSs related closely to demodulation performance. 
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][bookmark: _Toc498698378]DMRS should have precedence over all other RS.
[bookmark: _Toc485367950][bookmark: _Toc485368003][bookmark: _Toc490132690][bookmark: _Toc492907755][bookmark: _Toc492914113][bookmark: _Toc494741470][bookmark: _Toc498698379]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. In RAN1#90bis, it is agreed to configure TRS using a 1-port CSI-RS. Based on this agreement, in [1] we highlight the need for having symbol 4 (indexing starting from 0) as one option for CSI-RS for the tracking use case (essentially the TRS signal). We propose
[bookmark: _Toc498698380]Allow configuring a CSI-RS resource in symbol 4 (with indexing starting from 0).
For other scenarios, 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][bookmark: _Toc498698381]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: _Toc498698382]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: _Toc490131376][bookmark: _Toc490131430][bookmark: _Toc492907759][bookmark: _Toc492914117][bookmark: _Toc492914205][bookmark: _Toc492914774][bookmark: _Toc494741253][bookmark: _Toc494741473]For multiplexing CSI-RS and PDCCH, we note that UEs with CORESETS overlapping CSI-RS would need to be informed of the presence of CSI-RS even if all UE configured with CSI-RS do not have CORESET overlapping with CSI-RS. This would require an explicit configuration of ZP CSI-RS in the CORESET definition, especially for common CORESETs. Furthermore, multiplexing CSI-RS, which is typically semi-statically configured with a channel that has a dynamically varying footprint may potentially be problematic - coverage and capacity of PDCCH may be affected. Hence, we do not think rate matching of PDCCH around CSI-RS on a subcarrier level should be supported. On the other hand, we note that PDCCH associated with mini-slots may occupy virtually any symbol, including those that are configured with CSI-RS (either configured for the user scheduled in the mini slot or for other users). In this case, the PDCCH of the mini slot needs to have priority. We therefore propose:
[bookmark: _Toc494737179][bookmark: _Toc494737483][bookmark: _Toc494751077][bookmark: _Toc498698383]When testing for the presence of a PDCCH in its configured CORESET a UE may assume that CSI-RS is punctured on RB level for the RBs of the CORESET
[bookmark: _Toc494737180][bookmark: _Toc494737484][bookmark: _Toc494751078][bookmark: _Toc498698384]If a UE detects a valid PDCCH in a CORESET it may assume that CSI-RS is punctured on RB level for the RBs of the CORESET
[bookmark: _Toc494737181][bookmark: _Toc494737485]For consistency, we propose that these same rules should be valid also for CORESETs in the first three symbols of a 14-symbol slot (although we do not propose these symbols as candidates for CSI-RS). As for the down selection of options according to agreement AGR6 we propose:
[bookmark: _Toc494737182][bookmark: _Toc494751079][bookmark: _Toc498698385]From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, NZP CSI-RS can be multiplexed (this is option 2-1 of slide 6 of R1-1716782)
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][bookmark: _Toc498698386]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][bookmark: _Toc498698387]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][bookmark: _Toc498698388]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].
[bookmark: _Toc485404345][bookmark: _Toc485404417][bookmark: _Toc485407920][bookmark: _Toc490132697][bookmark: _Toc490212603][bookmark: _Toc490212643][bookmark: _Toc490244836][bookmark: _Toc492907746][bookmark: _Toc492907764][bookmark: _Toc492910101][bookmark: _Toc494741258][bookmark: _Toc494741478]Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Reuse the same length-31 Gold sequence generator as defined for LTE.
Proposal 2	The PRBS generator use the same initialization formula at least for CSI-RS and DMRS
Proposal 3	Define  such that reference signals of different type always have different sequence initialization independent of the UE specifically configured ID
Proposal 4	The UE specifically configured scrambling ID for CSI-RS and DMRS use 15 bits
Proposal 5	Adopt as the PRBS initialization for DM-RS and CSI-RS
Proposal 6	DMRS should have precedence over all other RS.
Proposal 7	DMRS and PTRS are TDM. PTRS can be FDM with any other RS that is also FDM with data, such as CSI-RS.
Proposal 8	Allow configuring a CSI-RS resource in symbol 4 (with indexing starting from 0).
Proposal 9	FDM between CSI-RS and TRS in a RB is supported.
Proposal 10	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 11	When testing for the presence of a PDCCH in its configured CORESET a UE may assume that CSI-RS is punctured on RB level for the RBs of the CORESET
Proposal 12	If a UE detects a valid PDCCH in a CORESET it may assume that CSI-RS is punctured on RB level for the RBs of the CORESET
Proposal 13	From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, NZP CSI-RS can be multiplexed (this is option 2-1 of slide 6 of R1-1716782)
Proposal 14	Transmission of SRS and PTRS in the same OFDM symbol from a UE is not supported
Proposal 15	Transmission of UL DMRS and PTRS in the same OFDM symbol from a UE is not supported
Proposal 16	From a UE perspective, PUSCH is transmitted exclusively before SRS in a slot
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