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[bookmark: _Ref494709574][bookmark: _Toc494737149][bookmark: _Toc494737456][bookmark: _Toc494737669][bookmark: _Toc494737827][bookmark: _Toc494750612][bookmark: _Toc494750742][bookmark: _Toc494751059]Introduction
In this paper we discuss sequence design, port numbering, pattern design, component placement, symbol assignment for CSI-RS, bandwidth configuration, and multiplexing with PDCCH, DMRS and SS block. In [3] we provide some more details on configuration indexing and TRS coexistence. In [1] we propose a common framework for sequence initialization for CSI-RS, TRS, and DMRS for CP-OFDM.
A list of relevant past agreements on CSI-RS is included for easy reference in Section 4.
[bookmark: _Ref178064866][bookmark: _Toc494737150][bookmark: _Toc494737457][bookmark: _Toc494737670][bookmark: _Toc494737828][bookmark: _Toc494750613][bookmark: _Toc494750743][bookmark: _Toc494751060]Discussion
[bookmark: _Toc494737151][bookmark: _Toc494737458][bookmark: _Toc494737671][bookmark: _Toc494737829][bookmark: _Toc494750614][bookmark: _Toc494750744][bookmark: _Toc494751061]Sequence design and initialization
In [1] we propose a common framework for sequence initialization for CSI-RS, TRS, and DMRS for CP-OFDM. To keep scheduling flexibility, to allow both shared and dedicated CSI-RS, and to support multi-point scenarios, we propose to allow the CSI-RS sequence to be UE specifically configured independent of UE- and cell-identity – reusing a similar sequence initialization mechanism as LTE CSI-RS (it is already agreed to use PN sequences for CSI-RS). Furthermore, like with the LTE design, the sequence applied to a given subcarrier should depend on subcarrier index (relative to a reference that is common to all UEs), and not depend on other CSI-RS configuration parameters, including which part of the band the UE is configured to measure CSI-RS on. 
Note that when UEs have different operation bandwidth capabilities, the system bandwidth and the operation bandwidth of the UE may not be the same. In order to keep good orthogonality properties between CSI-RS scheduled on partly overlapping bandwidth we propose:
[bookmark: _Toc490211733][bookmark: _Toc490244473][bookmark: _Toc492926187][bookmark: _Toc494737153][bookmark: _Toc494737460][bookmark: _Toc494751062]NR adopts a resource specific sequence design for CSI-RS. The sequence is computed relating to the position of the CSI-RS resource in the carrier wide resource grid.
[bookmark: _Toc490211734][bookmark: _Toc490244474][bookmark: _Toc492926188]With frequency domain OCC, a single CSI-RS port may be mapped to multiple subcarriers in a single PRB. As repeated RS symbols should be avoided from the perspective of time domain signal properties (such as PAPR/cubic metric), the CSI-RS sequence should not be constant across a PRB.
[bookmark: _Toc494737154][bookmark: _Toc494737461][bookmark: _Toc494751063]RS symbols for CSI-RS are extracted from the sequence r(m) indexed by subcarrier rather than PRB.
[bookmark: _Hlk494714531]In order to randomize inter-cell interference across multiple symbols with CSI-RS, we propose to introduce a dependency between symbol index and the CSI-RS sequence initialization. Note that the randomization has the purpose of avoiding biased channel estimates due to systematic properties in the interference, hence the number of symbols between repeated CSI-RS sequences need not be larger than the foreseeable length of the memory in the CSI computation algorithm. 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 PRBS sequence as in LTE (Gold-31).
[bookmark: _Toc494737155][bookmark: _Toc494737462][bookmark: _Toc494751064]Generate the sequence for CSI-RS based on the length-31 Gold sequences using the polynomials as specified for LTE
[bookmark: _Toc494737156][bookmark: _Toc494737463][bookmark: _Toc494751065]Initialize RS sequence generator for CSI-RS based on at least a UE specifically configured ID and a symbol counter with a wrap-around of several slots
Depending on configuration, reference signals of different type 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 points that may interfere with each other for all RS that may occupy the same RE. Note that this may be a problem even if the overlap in terms of mapped RE is only partial. 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. In order to make this coordination feasible we propose that all relevant reference signals are initialized with a seed defined using on the same structure. Given the discussion above we propose:
[bookmark: _Toc494737157][bookmark: _Toc494737464][bookmark: _Toc494751066][bookmark: _Toc494737158][bookmark: _Toc494737465]The sequence initializer use the same formula for CSI-RS, DMRS for CP-OFDM, and TRS. Define sequence initialization such that reference signals of different type always have different sequence initialization independent on the UE specifically configured ID
[bookmark: _Toc494737159]To that end we propose to define the sequence initializer so that

,




[bookmark: _Toc494737161]where the function f(..) and N are selected to use a maximum on 21 bits, is an integer specific for CSI-RS, and  is a UE specifically configured ID using maximum 10 bits. The function f(…) should be selected so that if .

[bookmark: _Toc494737163][bookmark: _Toc494737467][bookmark: _Toc494737680][bookmark: _Toc494737838][bookmark: _Toc494750622][bookmark: _Toc494750752][bookmark: _Toc494737164][bookmark: _Toc494737468][bookmark: _Toc494737681][bookmark: _Toc494737839][bookmark: _Toc494750623][bookmark: _Toc494750753][bookmark: _Toc494737165][bookmark: _Toc494737469][bookmark: _Toc494737682][bookmark: _Toc494737840][bookmark: _Toc494750624][bookmark: _Toc494750754][bookmark: _Toc494737166][bookmark: _Toc494737470][bookmark: _Toc494737683][bookmark: _Toc494737841][bookmark: _Toc494750625][bookmark: _Toc494750755][bookmark: _Toc494737167][bookmark: _Toc494737471][bookmark: _Toc494737684][bookmark: _Toc494737842][bookmark: _Toc494750626][bookmark: _Toc494750756][bookmark: _Toc494737168][bookmark: _Toc494737472][bookmark: _Toc494737685][bookmark: _Toc494737843][bookmark: _Toc494750627][bookmark: _Toc494750757][bookmark: _Toc494751067]Port numbering
The agreed precoder definitions are based on the convention that the ports are mapped to antenna elements so that the first set of indices correspond to antenna elements of same polarization, followed by the antenna elements of the other polarization. Furthermore, the quantization of co-phasing possibilities for polarization are rather coarse, compared to the quantization for the spatial domain (co-polarized elements). The relative phase difference of the channel estimate due to frequency selectivity of the channel for two CSI-RS ports mapped to two different CDM groups increase with the separation in frequency of the CDM groups. Noting that, as a CDM group normally spans all adjacent OFDM symbols mapped to CSI-RS, we can assume that if CDM groups are time-multiplexed, then the channel cannot be assumed constant between the CDM groups. Given the arguments above we propose (related to agreement AGR9):
[bookmark: _Toc494737169][bookmark: _Toc494737473][bookmark: _Toc494751068]Assign port (x) to the same CDM group as port (x-1) when possible (this is Alt 1 - “Within a CDM group first, then across CDM groups (analogous to LTE)“ according to the agreement from slide 7 of R1-1716782)
[bookmark: _Toc494737170][bookmark: _Toc494737474][bookmark: _Toc494751069]Assign ports (0, … , X-1)  to CDM groups frequency first, where the assignment is in the order of CDM groups with increasing subcarrier indices within a PRB (this is Alt 1-1 according to the agreement from slide 7 of R1-1716782). 

Figure 2 shows an example on how CDM groups may be mapped for X=32 ports, N=4 symbols with CDM4. With our proposals, the port to CDM group mapping would be: ports 0-3 mapped to CDM group 1, ports 4-7 mapped to CDM group 2, ports 8-11 mapped to CDM group 3, ports 12-15 mapped to CDM group 4, ports 16-19 mapped to CDM group 5 and so on.

[bookmark: _Toc494737171][bookmark: _Toc494737475][bookmark: _Toc494750630][bookmark: _Toc494751070][image: ]
[bookmark: _Ref494741839]Figure 2	Example of X=32 ports mapped to pairwise adjacent symbols with CDM4 (see also [3] ).

Related to the discussion on port sharing between terminals with different capabilities in terms of the number of ports they can process, we note that precoder selection based on a CSI report related to a subset of the full antenna array may not enable full use of the antenna array. We also note that, as an alternative to port sharing, dedicated CSI-RS resources may be configured for users that cannot process the total available number of ports. Dedicated CSI-RS resources would also enable precoding of CSI-RS to better use all radio chains. 
Independent on port mapping principles, it is possible to configure terminals to process only a subset of the ports available in a CSI-RS resource. Given the potential performance implication of such port sharing, and the added complexity this would give to the specification, we propose to not specify such flexibility. Hence we propose (related to AGR8)
[bookmark: _Toc494737172][bookmark: _Toc494737476][bookmark: _Toc494751071]The number of antenna port configured for the UE for NZP CSI-RS resource (P) is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE) (this is Alt 1 on slide 7 of R1-1716782)


[bookmark: _Toc494737173][bookmark: _Toc494737477][bookmark: _Toc494737690][bookmark: _Toc494737848][bookmark: _Toc494750762][bookmark: _Toc494751072]CSI-RS pattern design
It has been agreed to support a uniform structure of CSI-RS for N=4 with non-uniform FFS. We propose to keep a uniform structure for all N=4 symbol CSI-RS configurations as it results in a cleaner specification, simplifies rate matching and CSI-RS configurations. Hence, we propose (related to the FFS in AGR10)

[bookmark: _Toc494737174][bookmark: _Toc494737478][bookmark: _Toc494751073]For N =4 OFDM symbols, only a uniform mapping is supported.
[bookmark: _Toc494737175][bookmark: _Toc494737479][bookmark: _Toc494737850][bookmark: _Toc492926168][bookmark: _Toc494737176][bookmark: _Toc494737480]In [3]  we show how an N=2, X=4 CSI-RS resource will coexist better with TRS compared to an N=1, X=4 resource. Noting also that time domain OCC allows for accumulating power across multiple OFDM symbols we propose:
[bookmark: _Toc494751074]NR supports an X = 4 port pattern with N = 2 symbols as already agreed in RAN1#89 and confirmed in RAN1#88bis.
As for the granularity in defining the starting subcarrier for a component, we observe that if the components are restricted to a placement starting on only even subcarrier indices, CSI-RS can still coexist with all shifts of TRS without reducing the number of possible components within an OFDM symbol. This is illustrated in Figure 3.
[image: ]
[bookmark: _Ref494286116]Figure 3	Examples of FDM between CSI-RS and TRS. A-D represent the possible shift of TRS subcarrier positions
PTRS coexistence is illustrated in Figure 5 below. The top left example (A) shows how PTRS may be mapped with DMRS config 2. In this case, an odd subcarrier component placement allows mapping of two PTRS without puncturing. The top right example (B) shows the same example with even component placement. Here PTRS need to be punctured. Note, however, that PTRS is only needed in symbols with data, hence puncturing PTRS by CSI-RS (as in example B) has no performance impact. Considering also examples C and D we can conclude that a restriction of CSI-RS component start to even subcarriers works with PTRS both with DMRS configuration 1 and DMRS configuration 2.
[image: ]
[bookmark: _Ref494286521]Figure 5	Illustration of PTRS and CSI-RS coexistence. Two DMRS configurations (config 2 in the topmost examples, and config 1 in the bottommost) are illustrated with one or two PTRS mapped together with five two-subcarrier CSI-RS components. Note that the RE marked with X (in example B ) would be useful for user 1 but may need to be discarded for user 2
Concluding that placing components exclusively on even subcarriers is no restriction for TRS and PTRS coexistence, we therefore propose (with respect to agreement AGR4):
[bookmark: _Toc494737177][bookmark: _Toc494737481][bookmark: _Toc494751075]The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB (this is Opt. 1 on slide 5 of R1-1716782)

[bookmark: _Toc494737178][bookmark: _Toc494737482][bookmark: _Toc494737853][bookmark: _Toc494750766][bookmark: _Toc494751076]Multiplexing with DMRS, SS block and CORESET
[bookmark: _Toc490131376][bookmark: _Toc490131430]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]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]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]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)
[bookmark: _Hlk489975260]Analog and hybrid beamforming architectures 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 limiting FDM between DMRS and data. However, FDM between CSI-RS and DMRS may be limited by this restriction. 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. Hence, if DMRS is not occupying all RE within symbols that carry DMRS, those RE are better used for data, compared to CSI-RS, and CSI-RS should be mapped to other OFDM symbols. We also note that such multiplexing is indeed only possible for a subset of DMRS configuration and then with a restriction on the number of layers. FDM between CSI-RS and DMRS is also not possible for extended cyclic prefix. However, following a similar argument as for the PDCCH in mini slots we note that given the flexible placement of mini slots relative to the 14- symbol slot grid, DMRS for mini slots may end up also on symbols with CSI-RS. Noting that DMRS needs priority over CSI-RS in order to guarantee mini slot decoding performance we propose (related to AGR7):
[bookmark: _Toc494737184][bookmark: _Toc494737488][bookmark: _Toc494737701][bookmark: _Toc494737858][bookmark: _Toc494750642][bookmark: _Toc494750771][bookmark: _Toc494737185][bookmark: _Toc490131375][bookmark: _Toc490131429][bookmark: _Toc490131471][bookmark: _Toc490131576][bookmark: _Toc490131606][bookmark: _Toc490131636][bookmark: _Toc490131698][bookmark: _Toc490132115][bookmark: _Toc490132213][bookmark: _Toc490209289][bookmark: _Toc490211718][bookmark: _Toc490244458][bookmark: _Toc492926177][bookmark: _Toc494751080]From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s) (this is option 3-2 of slide 6 of R1-1716782).
[bookmark: _Toc494737186][bookmark: _Toc494751081]A UE may assume that DMRS punctures CSI-RS on RB level
[bookmark: _Toc494737187][bookmark: _Toc494737491][bookmark: _Toc494737861][bookmark: _Toc492896197][bookmark: _Toc492926178][bookmark: _Toc494750774][bookmark: _Toc494751082]Symbol assignment for CSI-RS
[bookmark: _Toc494737188][bookmark: _Toc494737492][bookmark: _Toc494737862][bookmark: _Toc494750775][bookmark: _Toc494751083]To limit dependencies between CSI-RS on one hand and PDCCH and DMRS configuration in 14 symbol slots on the other hand we propose to not map CSI-RS to any of the OFDM symbols with index 0,1,2,3,4 independent of actual DMRS and PDCCH configuration as these symbols may be used for PDCCH and DMRS when three symbol PDCCH is combined with two front loaded DMRS. We also note that early CSI-RS placement will inherently create extra delay (albeit small) between CSI-RS reception and CSI reporting.
Furthermore, we note that symbol with index 11 (indexing starting from 0) is agreed to be used for DMRS in downlink-only slots with a single additional DMRS. This case is very relevant for both TDD and FDD operation and hence CSI-RS configurations overlapping with this symbol will be of limited use. Figure 2 illustrates the symbols available for CSI-RS given this line of reasoning. Indicated in the figure is also Ericsson proposals for TRS symbol allocations. This is to illustrate the benefit of coexistence with TRS.
 [image: ]
[bookmark: _Ref492649169]Figure 6	Illustration of symbols in a 14 symbol slot where agreed symbol assignments for DMRS and PDCCH are indicated together with Ericsson proposed symbol allocations for TRS [2] . 
Symbols (symbol indexing starting at 0) 5,6,12,13 was already agreed for CSI-RS (AGR4). Clearly this set does not allow N=4 consecutive CSI-RS symbols, hence it needs to be extended. We propose to add symbols 7,8,9,10. According to recent agreements on DMRS positions, the addition of this set will allow at least N=2 symbol CSI-RS for all 1+1+1 and all 1+1+1+1 DMRS configurations. The proposal will also enable N=4 consecutive CSI-RS symbols for some cases.
[bookmark: _Toc494737189][bookmark: _Toc494737493][bookmark: _Toc494737706][bookmark: _Toc494737863][bookmark: _Toc494750647][bookmark: _Toc494750776][bookmark: _Toc494737190][bookmark: _Toc494751084]Allow mapping of CSI-RS to symbols 7,8,9,10 (assuming symbol indexing starting from 0).
[bookmark: _Toc492926180][bookmark: _Toc494737192][bookmark: _Toc494751085]Definition of admissible start symbol positions for N=2 is FFS. For N=4 symbol CSI-RS, allow any combination of the symbol pairs defined for N=2 
[bookmark: _Toc494737193]A table of possible OFDM symbol configurations given our proposals above is included in [3] – it may be a starting point for further discussion on which configurations to support.

[bookmark: _Toc494737194][bookmark: _Toc494750780][bookmark: _Toc494751086]Bandwidth configuration
A UE can be configured with an active bandwidth part (BWP) that can be smaller than the full carrier bandwidth. The purpose of introducing the BWP is to allow for UEs to have a smaller BW capability than the full carrier bandwidth, as well as to allow for bandwidth adaptation, e.g., to achieve power saving in idle mode. The UE is not expected to receive PDCCH or PDSCH outside of its active BWP, and thus in the typical use case one would not transmit CSI-RS to the UE outside of the active BWP. However, a UE could potentially be instructed to perform a measurement outside of its active bandwidth part for probing purposes, in that case though, the UE would likely need to re-tune its RF and something akin to measurement gaps in LTE for intra-carrier measurements in NR would need to be defined. Thus, it is not likely that L1 measurements of CSI-RS within the CSI framework needs to be defined to occur outside of the active BWP. 
It is already agreed that the CSI-RS bandwidth can be equal to the full bandwidth of the BWP. The support for configuring CSI-RS in a subset of the bandwidth part is intended to achieve some level of future compatibility, i.e. to avoid that a CSI-RS must span the whole bandwidth as it must in LTE. New and unforeseen services, channels or reference signals which only occupy part of the bandwidth may be introduced in later releases and it is beneficial if that bandwidth region can be absent from CSI-RS.

[bookmark: _Toc492662660][bookmark: _Toc494737195][bookmark: _Toc490149952][bookmark: _Toc490155536][bookmark: _Toc490220995][bookmark: _Toc490221077][bookmark: _Toc494751087]A CSI-RS resource configuration indicates the bandwidth of the CSI-RS as either the full BWP or a subset of contiguous PRBs within the active BWP, where the subset can be defined with a granularity of N PRB. Value of N is FFS. 
We propose the requirement for a contiguous bandwidth of the CSI-RS configuration to ensure a consistent quality of the CSI report based on the configured CSI-RS. If CSI-RS is non-contiguous, the resulting CSI report will not be accurate, or will be missing, for a part of the band. This will complicate link adaptation and scheduling. There may be scenarios where a continuous CSI-RS transmission may not be feasible, for example the cases related to mini slots discussed above, or in scenarios where SS block and CSI-RS overlap. In this case, the SS block must clearly have priority. 
[bookmark: _Toc494737196][bookmark: _Toc494751088]A UE can expect CSI-RS to be punctured by SS block when processing the SS block. 
[bookmark: _Toc494751089]When a UE detects a valid SS block, it may assume that CSI-RS is punctured in the REs where the SS block is present.
[bookmark: _Toc494751090]From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s) (Option 1-2 from R1-1716782).
How to handle CSI measurements when CSI-RS is punctured is FFS.
[bookmark: _Toc494737198][bookmark: _Toc494737871][bookmark: _Toc494750784][bookmark: _Toc494751091][bookmark: _Toc494737199][bookmark: _Toc494737503][bookmark: _Toc494737716][bookmark: _Toc494737872][bookmark: _Toc494750656][bookmark: _Toc494750785][bookmark: _Toc494737201][bookmark: _Toc494737874][bookmark: _Toc494750787]Conclusions
Based on the discussion in this contribution we make the following key proposals:
We make the following proposals:
Proposal 1	NR adopts a resource specific sequence design for CSI-RS. The sequence is computed relating to the position of the CSI-RS resource in the carrier wide resource grid.
Proposal 2	RS symbols for CSI-RS are extracted from the sequence r(m) indexed by subcarrier rather than PRB.
Proposal 3	Generate the sequence for CSI-RS based on the length-31 Gold sequences using the polynomials as specified for LTE
Proposal 4	Initialize RS sequence generator for CSI-RS based on at least a UE specifically configured ID and a symbol counter with a wrap-around of several slots
Proposal 5	The sequence initializer use the same formula for CSI-RS, DMRS for CP-OFDM, and TRS. Define sequence initialization such that reference signals of different type always have different sequence initialization independent on the UE specifically configured ID
Proposal 6	Assign port (x) to the same CDM group as port (x-1) when possible (this is Alt 1 - “Within a CDM group first, then across CDM groups (analogous to LTE)“ according to the agreement from slide 7 of R1-1716782)
Proposal 7	Assign ports (0, … , X-1)  to CDM groups frequency first, where the assignment is in the order of CDM groups with increasing subcarrier indices within a PRB (this is Alt 1-1 according to the agreement from slide 7 of R1-1716782).

Proposal 8	The number of antenna port configured for the UE for NZP CSI-RS resource (P) is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE) (this is Alt 1 on slide 7 of R1-1716782)
Proposal 9	For N =4 OFDM symbols, only a uniform mapping is supported.
Proposal 10	NR supports an X = 4 port pattern with N = 2 symbols as already agreed in RAN1#89 and confirmed in RAN1#88bis.
Proposal 11	The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB (this is Opt. 1 on slide 5 of R1-1716782)
Proposal 12	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 13	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 14	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 15	From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s) (this is option 3-2 of slide 6 of R1-1716782).
Proposal 16	A UE may assume that DMRS punctures CSI-RS on RB level
Proposal 17	Allow mapping of CSI-RS to symbols 7,8,9,10 (assuming symbol indexing starting from 0).
Proposal 18	Definition of admissible start symbol positions for N=2 is FFS. For N=4 symbol CSI-RS, allow any combination of the symbol pairs defined for N=2
Proposal 19	A CSI-RS resource configuration indicates the bandwidth of the CSI-RS as either the full BWP or a subset of contiguous PRBs within the active BWP, where the subset can be defined with a granularity of N PRB. Value of N is FFS.
Proposal 20	A UE can expect CSI-RS to be punctured by SS block when processing the SS block.
Proposal 21	When a UE detects a valid SS block, it may assume that CSI-RS is punctured in the REs where the SS block is present.
Proposal 22	From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s) (Option 1-2 from R1-1716782).

[bookmark: _Ref494714994][bookmark: _Toc494737202][bookmark: _Toc494737875][bookmark: _Toc494750788][bookmark: _Toc494751092]Agreements relevant to the topics of this paper
In RAN1-NRAH3, RAN190, RAN1#89, RAN1#88bis, the following agreements were made (agreement indexing and meeting reference added for easy reference):

AGR1: Agreements (RAN1#88bis):
· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1
· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2
· FFS: RE patterns for beam management
· FFS: the RE pattern for an X-port CSI-RS resource when X>=8
· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources
· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead

AGR2: Agreements (RAN1#89):
· For CDM pattern(s) per X port CSI-RS for CSI acquisition 
· For X=2 with CSI-RS RE pattern (M,N)=(2,1), 
· FFS support no CDM 
· Support FD-CDM2
· For X=4 with CSI-RS RE pattern (M,N)=(4,1)
· FSS support no CDM
· Support FD-CDM2
· FFS CDM4
· For X=4 with CSI-RS RE pattern (M,N)=(2,2)
· FFS support no CDM
· Support FD-CDM2
· FFS support TD-CDM2
· FFS CDM4


AGR3: Agreements (RAN1#90):
· Support following CSI-RS RE patterns for CSI acquisition.
	X
	Density [RE/RB/port]
	N
	(Y, Z)
	CDM

	1
	>1, 1, 1/2
	1
	N.A.
	No CDM

	2
	1, 1/2
	1
	(2,1)
	FD-CDM2

	4
	1
	1
	(4,1)
	FD-CDM2

	8
	1
	1
	(2,1)
	FD-CDM2

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	12
	1
	1
	(2,1)
	FD-CDM2

	12
	1
	2
	(2,2)
	CDM4 (FD2,TD2)

	16
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 


· TD4 in CDM8 in the above table always spans 4 adjacent symbols
· FFS until next meeting whether or not components are allowed to be non-adjacent in frequency
AGR4: Agreement (RAN1 NR AdHoc#3):
All slides in R1-1716782 with the following revision to slide 5
· Down-select among the following options
· Opt. 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, in the given PRB
· Opt. 2: The starting subcarrier of a CSI-RS component RE pattern is not constrained, subcarrier in the given PRB. 
· FFS, additional constraints, e.g. considering size of the component RE pattern
· At least {6th,7th, 13th, 14th} OFDM symbol in a slot structure can be configured for CSI-RS transmission
· Note: The dependency of CSI reporting timing on the CSI-RS OFDM symbol locations will be discussed separately
· FFS: additional OFDM symbol locations
Agreements from R1-1716782:
AGR5: Down-select among the following two options
· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
· FFS on the conditions when multiplexing is allowed 
AGR6: Down-select among the following two options
· From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 
· Option 2-1: NZP CSI-RS can be multiplexed
· FFS: Whether or not a UE needs to be aware of the CORESET of another UE, e.g., through configuration of a ZP-CSI-RS
· FFS: Whether or not PBCH is affected for common CORESET configuration, e.g., through a configuration of ZP-CSI-RS
· Option 2-2: NZP CSI-RS is not multiplexed
AGR7: Down-select among the following two options
· Option 3-1: Within a BWP, a UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS
· E.g., from a UE perspective in the slot with scheduled PDSCH, CSI-RS can be transmitted on the potential additional DMRS OFDM symbol(s), when the additional DMRS does not exist in the OFDM symbol(s).
· Note: In Option 3-1, CSI-RS is not multiplexed on the potential front-loaded DMRS OFDM symbol(s)
· Option 3-2: From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s)
· Note: Additional restriction from cell-/UE-group perspective will be further discussed based on the down-selection above
AGR8: Down-select among the following two options
· Alt 1: The number of antenna port configured for the UE for NZP CSI-RS resource (P) is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE)
· Alt 2: The number of antenna port configured for the UE for NZP CSI-RS resource (P) can be more than or equal from the antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 <= P
· FFS on indication of the antenna ports subset for the channel measurements for CSI feedback
AGR9: Down-select among the following two options for assigning port numbers to CDM groups
· Alt 1: Within a CDM group first, then across CDM groups (analogous to LTE)
· Alt-1-1: The order of CDM groups is across frequency first then time
· Alt-1-2: The order of CDM groups is across time first, then frequency
· Alt-1-3: The order of CDM groups is in the order of RRC signaling
· Note: port sharing is mainly considered for FD-CDM-2 and the applicable CSI-RS port numbers in NR.
· Alt 2: Across CDM groups first, then within CDM group
· Alt-2-1: The order of CDM groups is across frequency first then time
· Alt-2-2: The order of CDM groups is across time first, then frequency
· Alt-2-3: The order of CDM groups is in the order of RRC signaling
· FFS: Whether or not to support port sharing
AGR10: Agreement:
NR should support non-adjacent mapping of CSI-RS components in frequency domain.
· The REs in each CSI-RS component should be adjacent
Uniform RE mapping across all 4 symbols for N=4 is supported.
· Support of non-uniform case is FFS
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