
Page 4
Draft prETS 300 ???: Month YYYY

[bookmark: _Hlk489988649]3GPP TSG-RAN WG1 #91	R1-1720735
Reno, USA, November 27th – December 1st, 2017

Source:	Ericsson
Title:	Remaining details on CSI-RS design
Agenda Item:	7.2.3.2
Document for:	Discussion and Decision
[bookmark: _Ref498513236][bookmark: _Toc498698643]Introduction
See list of relevant agreements in Section 4.
In this contribution, we discuss remaining issues related to CSI-RS.
[bookmark: _Ref178064866][bookmark: _Toc498698644]Discussion
[bookmark: _Toc498698645]Remaining details of CSI-RS physical resource definition
[bookmark: _Toc498698646]Sequence design and initialization
To enable sharing of CSI-RS physical resources among users with partly overlapping bandwidths we propose:
[bookmark: _Toc490211733][bookmark: _Toc490244473][bookmark: _Toc492926187][bookmark: _Toc494737153][bookmark: _Toc494737460][bookmark: _Toc494751062][bookmark: _Toc498698647][bookmark: _Toc498715939]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.
Note also that this allows controlling orthogonality properties between NR cells with different CSI-RS bandwidth. 
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), and cross correlation across scrambling IDs, the CSI-RS sequence should not be constant across a PRB.
[bookmark: _Toc498698648][bookmark: _Toc494737154][bookmark: _Toc494737461][bookmark: _Toc494751063][bookmark: _Toc498715940]The Sequence values r(m) are mapped to CSI-RS symbols on a per-RE basis rather than per-PRB basis.
[bookmark: _Toc498698649][bookmark: _GoBack]In [2] we provide evaluations and technical motivation as for why a 31-bit sequence initializer (as used in LTE) provides enough bit width to account both for a larger number of symbols per radio frame in NR compared to LTE and for increased number of bits in the UE specific scrambling ID; the number of bits in the UE specific scrambling ID will increase due to a larger number of cell IDs (1008 for NR vs. 512 for LTE), and below we motivate why it should be increased further. This means that the Gold-31 sequence generation of LTE can be reused for NR without sacrificing interference randomization. Given this, and also considering the larger specification effort of adopting Gold-63 sequences we propose:
[bookmark: _Toc498698650][bookmark: _Toc498715941]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, e.g., DMRS in one cell may collide with CSI-RS in another cell. In a synchronized network, this means that interference inter and intra RS type 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. TRS may only use every 4th subcarrier but DMRS every 2nd) - this is because sequences are resource specific. To ensure that the inter RS type interference can be randomized, it is important to have a common structure of the initialization formulas; that will make sequence generation transparent and then the network can configure scrambling IDs to avoid malign interference. To that end we propose:
[bookmark: _Toc498698651][bookmark: _Toc498715942]The PRBS generator use the same initialization formula structure at least for CSI-RS and DMRS 

The above proposal allows creating pseudo orthogonal sequences across RS types through configuration by giving them different scrambling IDs. Note that even if the same structure is used, this will still be a complex coordination problem, as coordination of scrambling IDs needs to be done for all combinations of reference signals, not only per reference signal type. In order to avoid this configuration/coordination effort and also 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: _Toc498698652][bookmark: _Toc498715943]Define  such that reference signals of different type (DMRS and CSI-RS) always have different sequence initialization independent on 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. 
Given the above arguments we propose 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 above). We also note that a bit width of 15 bits allows for many scrambling IDs per cell, assuming 1008 unique physical cell identifiers: This is likely enough for the envisioned use cases (roughly 32 sequences per cell ID)
[bookmark: _Toc498698653][bookmark: _Toc498715944]The UE specifically configured scrambling ID for CSI-RS and DMRS use 15 bits 
[bookmark: _Toc498698654][bookmark: _Toc498699304][bookmark: _Toc498715945]In our paper Error! Reference source not found. we provide a detailed technical motivation for the proposed sequence design, including evaluations of correlation properties. Here we state the resulting proposed formulation and note that this formulation gives good cross-correlation properties over time between randomly picked pairs of UE specific scrambling IDs. The proposed formula is 
[bookmark: _Toc498698655][bookmark: _Toc498715946][bookmark: _Hlk498592625]Adopt as the PRBS initialization for CSI-RS, where  is the slot index within the radio frame, and l is the symbol index within the slot. The constant  depends on numerology and is selected so that the bit width of  is close to 15 bits (e.g.  = {233, 113, 53, 29, 13, 7} for subcarrier spacings {15 kHz, 30 kHz, 60 kHz, 120 kHz, 240 kHz, 480 kHz }, respectively). 

[bookmark: _Toc498698656][bookmark: _Toc498699306][bookmark: _Toc498715947]The proposed formula is on the same structure as the one we propose for DMRS in [3]  – ensuring that CSI-RS and DMRS always get different sequences, even if they are assigned the same scrambling ID. With the proposed values of , the does not wrap around within a radio frame regardless of numerology.

[bookmark: _Toc498698657]OCC code assignment
It is a known problem that certain precoders, when combined with time domain OCC, may cause power imbalance between OFDM symbols. The problem is illustrated in Figure 1.
[image: ]
[bookmark: _Ref498522076]Figure 1	Illustration of power imbalance between OFDM symbols when precoder matches OCC. Here an example with D=1/2 is shown (a single CSI-RS CDM group is Illustrated).
The problem can be solved by cycling the OCC codes across REs. This solution is illustrated in Figure 2 below:
[image: ]
[bookmark: _Ref498522100]Figure 2	Illustration of how shuffling of the OCC codes may help resolve the power imbalance problem
We propose
[bookmark: _Toc498698658][bookmark: _Toc498715948]OCC codes should be cycled across frequency (but defined so that they are a function of absolute RB index). Cycling needs to take power imbalance into account also with D<1.     

[bookmark: _Toc498698659]Mapping of CSI-RS
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: _Toc498698660][bookmark: _Toc498715949]Allow configuring a CSI-RS resource in symbol 4 (with indexing starting from 0).
It is agreed to support a uniform structure of CSI-RS for N=4 symbols (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, and simplifies rate matching and configuration. Hence, we propose (related to the FFS in A4)
[bookmark: _Toc494737174][bookmark: _Toc494737478][bookmark: _Toc494751073][bookmark: _Toc498698661][bookmark: _Toc498715950]For N = 4 OFDM symbols, only a uniform mapping is supported.
Given the large configuration flexibility already included in the current CSI-RS design (in terms of the set of symbols supported for CSI-RS mapping, and the flexible component mapping) we believe that this would not create significant restrictions in practical deployments.
[bookmark: _Toc494737175][bookmark: _Toc494737479][bookmark: _Toc494737850][bookmark: _Toc492926168][bookmark: _Toc494737176][bookmark: _Toc494737480]In [4]  we show how an X=4 port, N=2 symbol CSI-RS resource will coexist better with TRS compared to an X=4 port, N=1 symbol resource due the comb-4 pattern for TRS. Noting also that time domain OCC allows for accumulating power across multiple OFDM symbols we propose (related to A1, A2):
[bookmark: _Toc494751074][bookmark: _Toc498698662][bookmark: _Toc498715951]NR supports an X = 4 port pattern with N = 2 symbols as already agreed in RAN1#89 and confirmed in RAN1#89.
According to previous agreements, a density of D = 1/2 RE/PRB/port is supported for some port cardinalities. It is also agreed (A0) to create a CSI-RS resource with D<1 by PRB level subsampling of the D=1 pattern. This allows multiplexing of CSI-RS resources by a PRB level shift. Hence, we propose
[bookmark: _Toc498698663][bookmark: _Toc498715952]Specify a PRB level comb offset in the range (0…(1/D)-1) in the CSI-RS resource definition (similar to NZP-TransmissionComb in LTE). The offset is common for all antenna ports of the CSI-RS resource.
[bookmark: _Toc498698664][bookmark: _Toc498699312][bookmark: _Toc498715953]This is related to the FFS of A0. 
[bookmark: _Toc498698665][bookmark: _Toc498699313][bookmark: _Toc498715954] For single port CSI-RS we note that a comb with repetition factor of 4, which corresponds to D = 3 RE/PRB/port is already agreed to be supported for TRS (and shown to work well for that use case). We also note that a power boosting of 6dB would be required for full power utilization with D = 3 for the single CSI-RS port case if all REs not used for CSI-RS are left blank, this is an acceptable level of boosting from an EVM perspective. Hence we propose
[bookmark: _Toc498698666][bookmark: _Toc498715955]Do not support additional density values for X=1 port CSI-RS other than those already agreed, i.e., D = {1/2, 1, 3} RE/PRB/port. 
[bookmark: _Toc492662660][bookmark: _Toc494737195][bookmark: _Toc494751087][bookmark: _Toc490149952][bookmark: _Toc490155536][bookmark: _Toc490220995][bookmark: _Toc490221077]It is agreed (AGR12) that 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 PRBs. The support for configuring CSI-RS in a subset of the bandwidth is necessary for FDM with the SS block. It is also 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: _Toc498698667][bookmark: _Toc498699315][bookmark: _Toc498715956]In order to not have CSI-RS resource definition limit the flexibility of CSI reporting configuration we propose to align the bandwidth allocation granularity with the minimum subband size configurable for CSI reporting – which is 4 RB according to A6. We propose (also related to the FFS in agreement A7):
[bookmark: _Toc498698668][bookmark: _Toc498715957]Allow configuration of bandwidth and starting position of a CSI-RS resource with a granularity of N = 4 RB. Allow a minimum bandwidth of 4 RB.

[bookmark: _Toc498698669]Port numbering for CSI-RS
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 A8):
[bookmark: _Toc494737170][bookmark: _Toc494737474][bookmark: _Toc494751069][bookmark: _Toc498698670][bookmark: _Toc498715958]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.
Figure 3 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][bookmark: _Toc498698671][image: ]
[bookmark: _Ref494741839]Figure 3	Example of X=32 ports mapped to pairwise adjacent symbols with CDM4.

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 of port mapping, it is in principle 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 A3)
[bookmark: _Toc494737172][bookmark: _Toc494737476][bookmark: _Toc494751071][bookmark: _Toc498698672][bookmark: _Toc498715959]The number of antenna ports, P, configured for the UE for NZP CSI-RS resource 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: _Toc498698673]Power setting of CSI-RS
For LTE the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback takes values in the range of [-8, 15] dB with 1 dB step size. This range already gives large flexibility, and we propose to specify the same range for NR.
[bookmark: _Toc498698674][bookmark: _Toc498715960]Make the ratio of PDSCH EPRE to CSI-RS EPRE for the purpose CSI feedback computation configurable as part of the existing RRC parameter Pc, and allow a range for the offset of [-8 , 15] dB with steps of 1dB.
Related to the range of the Po_SS RRC parameter, if the maximum density specified for single port CSI-RS is D=3 RE/PRB/port, then, in order to enable full power utilization, CSI-RS may need a maximum 6dB power boost – the range of Pc_SS need to cover this case. Further, we note that the main reason to configure power offset between CSI-RS RE and SS RE is to enable joint RSRP measurements. From that perspective, one may assume that the gain of a joint RSRP measurement (as opposed to using a single signal) is significant only if the CSI-RS and SS power are approximately equal, integrated over the full bandwidth of the two signals; if this is not the case, the performance of an algorithm using only a single signal can be assumed to be essentially as good as the performance of an algorithm that uses both. If we then assume a CSI-RS bandwidth of (275-20 = 255) RBs and an SS bandwidth of 20 RBs, the SS REs need to be boosted somewhat less than 6dB compared to CSI-RS to achieve equal energy (here we take into account the maximum density D=3 of CSI-RS). Hence, we propose:

[bookmark: _Toc498698675][bookmark: _Toc498715961]Consider the range [-6, 6dB] for Pc_SS parameter .
It has been discussed to specify a configurable EPRE offset between CSI-RS and PDCCH. The motivation would be to allow PDCCH SINR to be estimated (for beam failure detection) based on measurements on CSI-RS. We note that the received signal power depends also on the precoding of CSI-RS and PDCCH, which may not be assumed to the same. We propose:
[bookmark: _Toc498698676][bookmark: _Toc498715962]Do not specify an EPRE offset configuration between CSI-RS and PDCCH 
[bookmark: _Toc498698677]Handling of overlap between CSI-RS and CORESET
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 non-slot based transmission 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). If CORESET configurations and CSI-RS are not allowed to overlap, this may put severe restrictions on CSI-RS transmission in some cases. We propose to instead of tying CSI-RS transmission to CORESET configuration, tie it to actual PDCCH transmission. Clearly, the PDCCH of the mini slot needs to have priority. We therefore propose:
[bookmark: _Toc498698678][bookmark: _Toc498715963]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: _Toc498698679][bookmark: _Toc498715964][bookmark: _Toc498698680][bookmark: _Toc498699324]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
Note that these proposals are related to agreement (A5). More details are given in [6].
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).
[bookmark: _Toc498698681]ZP CSI-RS resource
None of the three proposals, including the working assumption, that came out of the email discussion ” [90b-NR-38] Remaining aspects of a rate-matching resource set configuration” can define a resource of sufficient granularity for rate-matching around CSI-RS – all of them have an RB-level granularity. Related to this we also note that it is agreed to base interference measurements on the NZP CSI-RS resource definition (A9).
We propose
[bookmark: _Toc498698682][bookmark: _Toc498715965]For the purpose of rate matching, define a ZP CSI-RS resource that can be configured to exactly match the footprint of any possible NZP CSI-RS configuration.

[bookmark: _Toc498698683][bookmark: _Toc498699326]See also our contribution on the topic [5].

[bookmark: _Toc498698684]Conclusions
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	The Sequence values r(m) are mapped to CSI-RS symbols on a per-RE basis rather than per-PRB basis.
Proposal 3	Reuse the same length-31 Gold sequence generator as defined for LTE.
Proposal 4	The PRBS generator use the same initialization formula structure at least for CSI-RS and DMRS
Proposal 5	Define  such that reference signals of different type (DMRS and CSI-RS) always have different sequence initialization independent on the UE specifically configured ID
Proposal 6	The UE specifically configured scrambling ID for CSI-RS and DMRS use 15 bits
Proposal 7	Adopt as the PRBS initialization for CSI-RS, where  is the slot index within the radio frame, and l is the symbol index within the slot. The constant  depends on numerology and is selected so that the bit width of  is close to 15 bits (e.g.  = {233, 113, 53, 29, 13, 7} for subcarrier spacings {15 kHz, 30 kHz, 60 kHz, 120 kHz, 240 kHz, 480 kHz }, respectively).
Proposal 8	OCC codes should be cycled across frequency (but defined so that they are a function of absolute RB index). Cycling needs to take power imbalance into account also with D<1.
Proposal 9	Allow configuring a CSI-RS resource in symbol 4 (with indexing starting from 0).
Proposal 10	For N = 4 OFDM symbols, only a uniform mapping is supported.
Proposal 11	NR supports an X = 4 port pattern with N = 2 symbols as already agreed in RAN1#89 and confirmed in RAN1#89.
Proposal 12	Specify a PRB level comb offset in the range (0…(1/D)-1) in the CSI-RS resource definition (similar to NZP-TransmissionComb in LTE). The offset is common for all antenna ports of the CSI-RS resource.
Proposal 13	Do not support additional density values for X=1 port CSI-RS other than those already agreed, i.e., D = {1/2, 1, 3} RE/PRB/port.
Proposal 14	Allow configuration of bandwidth and starting position of a CSI-RS resource with a granularity of N = 4 RB. Allow a minimum bandwidth of 4 RB.
Proposal 15	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.
Proposal 16	The number of antenna ports, P, configured for the UE for NZP CSI-RS resource 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 17	Make the ratio of PDSCH EPRE to CSI-RS EPRE for the purpose CSI feedback computation configurable as part of the existing RRC parameter Pc, and allow a range for the offset of [-8 , 15] dB with steps of 1dB.
Proposal 18	Consider the range [-6, 6dB] for Pc_SS parameter .
Proposal 19	Do not specify an EPRE offset configuration between CSI-RS and PDCCH
Proposal 20	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 21	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 22	For the purpose of rate matching, define a ZP CSI-RS resource that can be configured to exactly match the footprint of any possible NZP CSI-RS configuration.
[bookmark: _Ref494714994][bookmark: _Toc494737202][bookmark: _Toc494737875][bookmark: _Toc494750788][bookmark: _Toc494751092][bookmark: _Toc498698685][bookmark: _Ref498513122] Agreements relevant to the topics of this paper
In RAN1#90bis, RAN1-NRAH3, RAN1#90, RAN1#89, RAN1#88bis, the following agreements were made (agreement indexing and meeting reference added for easy reference):

A0: Agreements (RAN1#88bis):
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS
· Value(s) of d are at least d=1,1/2.
· For d<1, PRB-level comb-type transmission is supported.
· FFS whether offset value(s) can be the same or different across antenna ports
· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.
· FFS on the supported combinations of value(s) of x and d. 

A1: 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

A2: 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

A3: 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
A4: 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
A5: Agreements (RAN1#90bis):
· For UE’s perspective,
· For REs that is configured as a CORESET,
· NZP CSI-RS is not multiplexed.
· For REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 
· FFS: Whether NZP CSI-RS can be multiplexed or not

A6: Agreement (RAN1#90bis):
· Adopt the following refined subband sizes:
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4, [8]

	61 – 100
	8, [16]

	101 – 200
	[12], [24]

	201 – 275
	16, [32] 


· The 2nd subband size values in brackets are to be confirmed or refined in RAN1#91 
A7: Agreement (RAN1#90bis):
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 
When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
FFS: Whether the value of X is same or different for beam management and CSI acquisition
FFS: The value of X may or may not be numerology-dependent

A8: Agreement (RAN1#90bis):
Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.
A9: Agreement (RAN1#90bis):
· A set of NZP CSI-RS resource(s) is configured to a UE for channel and interference measurements, where
· A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement
· Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement
· FFS: Whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not
· FFS: some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not
· UE assumes each port of channel measurement NZP CSI-RS resource(s) corresponds to a desired layer if no PMI and RI feedback
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