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Introduction
[bookmark: _GoBack]In RAN1 NR-AH#3, the following agreements on NR CSI-RS were made [1]:
	Agreement:
At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.
· FFS: Other OFDM symbols 

Agreement:
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

Agreement:
NR supports the following CSI-RS transmission periodicities 
{5, 10, 20, 40, 80, 160, 320, 640} slots
FFS: Restriction on periodicity as a function of subcarrier spacing

Agreement:
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.

Agreement:
For each of the following RSs, c_init used for sequence generation will at least depend on UE specifically configured scrambling ID by RRC configuration
· DL: DMRS, CSI-RS resource
· FFS: Support of multiple IDs for DMRS
· UL: DMRS(for CP-OFDM), PTRS(for DFT-s-OFDM)





This contribution provides Samsung’s views on the remaining issues of CSI-RS including highlighted parts above.

Remaining Issues on CSI-RS
1 
2 
Sequence generation and initialization
The following parameters utilized for LTE CSI-RS can be a good starting point for NR CSI-RS sequence initialization as well:
· Scrambling ID: Preferred to have the same bit-width with NR physical cell ID. Bit-width of scrambling ID should be determined by the possible numbers of CSI-RSs those can be received by a UE at once. In case of single beam operation, the same range with NR physical cell ID should be enough for CSI-RS as well. On the other hands, for multi beam operation, taking into account various aspects such as narrow beam width, high pathloss, etc., the number of interfering CSI-RSs may not be larger than that for single beam operation.
· Timing information: In LTE, slot number has been utilized to enjoy different randomizations per 1 ms. In case of NR, however, the range of slot numbers within a radio frame increases according to the configured numerology. Therefore, the same time granularity of randomization with LTE, i.e. initialize the scrambling sequence per every slot, may require large bit-width. Given that the potential gain from such variable time granularity for cinit has not been investigated yet, it is preferred to have the same absolute time granularity of initialization with LTE. Furthermore, half frame periodicity (i.e. 5ms) of CSI-RS sequence may help UE not to decode PBCH for L3 mobility purpose, since half frame boundary can be acquired from PBCH DMRS [2].
· CP type: can be omitted given that the use case of ECP is quite limited in NR (supported only for 60kHz numerology).
Based on the discussions above, the following proposals can be made:
Proposal 1: Support 5ms sequence initialization periodicity for the sake of mobility handling, e.g. by


It seems that both options above can be covered by Gold-31 sequence as in LTE. To be aligned with the agreed NR PBCH DMRS sequence generation as well, it is preferred to use the same PN generator with LTE.
Proposal 2: LTE PN generator is reused for CSI-RS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Sequence modulation is QPSK
Non-uniform mapping of component CSI-RS RE patterns
Figure 1 depicts an example of non-uniform mapping of component RE patterns for 32-port CSI-RS. In Figure 1, it was assumed that within a slot the first three OFDM symbols are used for PDCCH, the fourth OFDM symbol is utilized for DMRS, and the last four OFDM symbols are GP or UL parts. In this case, if 1-port CSI-RS is configured on the 6th and 10th OFDM symbols e.g. for time/frequency tracking purpose, non-uniform mapping of component CSI-RS RE patterns will be the only solution to configure 32-port CSI-RS resource. To secure enough level of configuration flexibilities especially for high numbers of CSI-RS ports, non-uniform mapping of component CSI-RS RE patterns should be supported at least for 24-/32-port CSI-RS cases.
Proposal 3: For {X=24, 32}-port CSI-RS which span N=4 OFDM symbols, support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.

[image: ]
[bookmark: _Ref492468665]Figure 1. An example of non-uniform mapping of component RE patterns for 32-port CSI-RS
CSI-RS port numbering
Figure 2 depicts the concept of CSI-RS port sharing between UEs with various capabilities on the maximum number of configured CSI-RS ports. As represented by Figure 2, CSI-RS port sharing reduces CSI-RS resource overhead through reuse of a part of resources for larger number of CSI-RS ports as those for smaller number of CSI-RS ports. Under the assumptions such as 2 OFDM symbols for PDCCH, 5ms CSI-RS periodicity, and CSI-RS reuse factor of 3, it can be shown that 3.3% and 6.7% of CSI-RS resource overhead can be saved in the PDSCH region for 8-port and 16-port CSI-RSs, respectively. However, since the gNB cannot use whole antenna ports for UEs with low capabilities in this case, the performance of PDSCH reception can be degraded. Therefore, CSI-RS port sharing should be considered as one possible implementation option but could not be a mandatory option for all operation scenarios. In other words, the simpler alternative, i.e. the same number of antenna ports for both CSI-RS and CSI reporting, is preferred unless enough level of performance gain from the other alternative can be proven.
Similar design principle can be adopted for the CSI-RS port numbering as well. By allocating adjacent antenna ports into the same CDM group, i.e. by CSI-RS port numbering within a CDM group first, CSI-RS port sharing can be easily done by gNB implementation. Regarding to the CSI-RS port numbering between CDM group, we slightly prefer frequency first mapping given that CDM groups in a CSI-RS resource usually spanning across frequency domain rather than time domain.
Proposal 4: 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.
Proposal 5: CSI-RS port number is increased within a CDM group first, then across CDMs (already agreed).
The order of CDM groups is frequency first.
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[bookmark: _Ref494473814]Figure 2. Concept of CSI-RS port sharing between UEs with various capabilities.
CSI-RS bandwidth
How to and/or whether to configure/trigger wideband/partial-band periodic/semi-persistent/aperiodic CSI-RSs should be carefully considered in NR. One of the simplest way is to configure CSI-RS bandwidth explicitly. In this approach, exact locations of each CSI-RS resource in the frequency domain, e.g. the starting RB index and the number of contiguous RBs for CSI-RS transmission/reception, can be signalled by higher layer signalling. If we consider operation scenarios with multiple CSI-RS resources for multi-TRP or multi-beam, which also can require both wideband/partial-band CSI-RSs, then the corresponding signalling overhead could be linearly increased according to the number of partial-band CSI-RS resources. Therefore, implicit configuration of CSI-RS bandwidth also should be supported to minimize redundant signalling overhead in some cases. For instance, frequency hopping for periodic/semi-persistent CSI-RS is a good example to get CSI across wider BW through partial-band CSI-RS without signalling overhead. On the other hands, linkage between the existing bandwidth configuration, such as bandwidth part or CORESET bandwidth, and the CSI-RS bandwidth also can be considered in case of partial-band & aperiodic CSI-RS. I.e., the CSI-RS bandwidth of aperiodic CSI-RS can be tied with the scheduling information for PDSCH or PDCCH.
Proposal 6: Support following options to configure/indicate CSI-RS bandwidth
Option 1: Explicit configuration of CSI-RS bandwidth.
N is equal to the subband granularity of CSI reporting; X is equal to 1.
Option 2: Implicit configuration of CSI-RS bandwidth.
When the configured CSI-RS bandwidth is larger than the bandwidth of activated bandwidth part, UE assumes the same bandwidth for the CSI-RS and the activated bandwidth part.
1-port CSI-RS RE densities
Based on the agreed RE mapping pattern for single antenna port, K CSI-RS resources can be configured on one OFDM symbol as shown in Table 2. Depending on the configuration index, the specific value of D [REs/RB/port] is determined as well as the number of configured resources on one OFDM symbol K. To avoid collision of RE mappings between K resources, different RE mapping offset values 0, 1, …, K-1 should be applied for those K resources, respectively. Note that only configuration index needs to be included in the CSI-RS resource setting and the other parameters are consequently derived by UE based on Table 2.
Table 2 Configuration of 1-port CSI-RS resources for beam management
	Configuration examples
	D [REs/RB/port]
	Number of antenna ports per resource (X)
	Number of configured resources  on one OFDM symbol (K)
	RE mapping offset for each resource (k)

	0
	6
	1
	K = 1
	0 = 0

	1
	
	
	
	0 = 1

	2
	
	
	K = 2
	k = k 
for k = 0, 1

	3
	3
	
	K = 1
	0 = 0

	4
	
	
	
	0 = 1

	5
	
	
	
	0 = 2

	6
	
	
	
	0 = 3

	7
	
	
	K = 2
	0 = 0, 1 = 2

	8
	
	
	
	0 = 1, 1 = 3

	9
	
	
	K = 4
	k = k 
for k = 0, 1, 2, 3

	10
	1.5
	
	K = 1
	0 = 0

	11
	
	
	
	0 = 1

	12
	
	
	
	0 = 2

	13
	
	
	
	0 = 3

	14
	
	
	
	0 = 4

	15
	
	
	
	0 = 5

	16
	
	
	
	0 = 6

	17
	
	
	
	0 = 7

	18
	
	
	K = 2
	0 = 0, 1 = 4

	19
	
	
	
	0 = 1, 1 = 5

	20
	
	
	
	0 = 2, 1 = 6

	21
	
	
	
	0 = 3, 1 = 7

	22
	
	
	K = 4
	0 = 0, 1 = 2, 
2 = 4, 3 = 6

	23
	
	
	
	0 = 1, 1 = 3, 
2 = 5, 3 = 7

	24
	
	
	K = 8
	k = k 
for k = 0, 1, …, 7



Proposal 7: Support the following parameters for 1-port CSI-RS resources on a single OFDM symbol at least for beam management
D∈{1.5, 3, 6}
K∈{1, 2, 4, 8}
QCL
Significant progress was made in RAN1 #90bis in terms of identifying configuration and indication mechanisms for conveying QCL relations between different DL RS types (as shown below). In addition, a working assumption was reached in terms of identifying possible relations between RS type for a RRC CONNECTED UE above 6 GHz. 
Following RAN1 #90bis, the email discussion [90b-NR-19] left as FFS the details of signalling the QCL relation between different RS resources. Before providing further details on how to configure QCL relations taking into account various QCL parameters (e.g. delay, Doppler, delay spread, spatial RX etc.), it is beneficial to categorize QCL parameters into various sets for efficient signalling and reduction in configuration overhead. In our companion contribution [3], we propose three QCL parameter sets as given in following proposal.
Proposal 8: At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
Broadly, the QCL relations can be categorized into 2 categories: Transmission Configuration Indication (TCI) framework based and RRC-based.
TCI-Framework: It has been agreed since RAN1 #90 that NR will support spatial indication of the DM-RS of PDSCH and PDCCH via the TCI framework. Per this framework, the UE is configured with M TCI states and each TCI state provides the UE with a set of DL RS index (-es) [e.g. SSB, CRI] for purposes of deriving its spatial QCL reference. That is, TCI state is used to implicitly establish a QCL relation between a reference RS and a target RS which corresponds to either DM-RS of PDSCH or DM-RS of PDCCH. The following example QCL relations, by no means exhaustive, are naturally provided via the TCI framework.
	Reference RS
	Target RS
	QCL parameter set
	Indication mechanism

	CSI-RS for CSI
	DM-RS of PDSCH
	Set 1 and Set 2
	TCI field in DCI 

	CSI-RS for BM
	DM-RS of PDSCH
	Set 3
	TCI field in DCI

	CSI-RS for BM
	DM-RS of PDCCH
	Set 3
	TCI field in DCI

	SSB
	DM-RS of PDSCH
	Set 3
	TCI field in DCI

	SSB
	DM-RS of PDCCH
	Set 3
	TCI field in DCI

	P/SP CSI-RS and SSB
	AP CSI-RS
	Set 3
	TCI field in DCI

	SSB
	SP CSI-RS
	Set 3
	TCI field in Activation MAC-CE 



Proposal 9: Use TCI framework for indication of at least the following QCL relations:
· Source RS (e.g. CRI, SSB) and DM-RS of PDSCH in terms of QCL parameter sets 1, 2 and 3
· Source RS (e.g. CRI, SSB) and DM-RS of PDCCH in terms of QCL parameter sets 1, 2 and 3
· P/SP CSI-RS and AP CSI-RS in terms of QCL parameter set 3 
· SSB and AP CSI-RS in terms of QCL parameter set 3
· SSB and SP CSI-RS in terms of QCL parameter set 3

RRC framework: An RRC framework for configuring QCL relations is useful for configuration of other QCL parameters as defined in parameter sets 1 and 2 such as the following below. In our view, a natural way to do so is via an RRC parameter QCL-Info (e.g. QCL relation(s), parameters, type, etc.) between a set of source and target RSs.

	Reference RS
	Target RS
	QCL parameter set
	Indication mechanism

	SSB
	CSI-RS for CSI
	Set 1 and Set 2
	RRC

	CSI-RS for BM
	CSI-RS for CSI
	Set 3
	RRC

	SSB
	P CSI-RS for BM 
	Set 3
	RRC

	SSB
	CSI-RS for tracking
	Set 1, Set 2 and Set 3
	RRC

	CSI-RS for tracking
	CSI-RS for CSI
	Set 1 and Set 2
	RRC



Proposal 10: Introduce RRC IE QCL-Info to configure at least following QCL relations:
· SSB and CSI-RS for CSI reporting in terms of QCL parameter sets 1 and 2
· CRI used for BM and CSI-RS for CSI reporting in terms of QCL parameter set 3
· SSB and P CSI-RS for BM
· SSB and CSI-RS for tracking in terms of QCL parameter sets 1, 2 and 3
· CSI-RS for tracking and a CRI (s) for CSI reporting in terms of QCL parameter sets 1 and 2 

Following the email discussion [90bis-NR-19], it was left FFS whether or not to support QCL amongst ports within a CSI-RS resource. For flexible configuration, we propose to support whether or not the antenna ports within a unit resource and across unit resources are QCL-ed in a set of parameters. The configuration of “unit resource” could be in terms of a port group, CSI-RS resource or a CSI-RS resource set. It could be envisaged that the RRC IE QCL-Info additionally provides the indication of whether or not the QCL assumption holds across the antenna ports within and across unit resources.
Proposal 11: UE can be configured (via the RRC IE QCL-Info) that all the antenna ports within a “unit resource” are QCL-ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set.
Signalling supports for various operation scenarios
For P-1 BM and mobility, the network may need to configure a large number of P-CSI-RS resources to get first-level (or coarse) beamforming information of a cell. Given that an NR cell can have up to L=64 SSBs, the total number of CSI-RS resources that can be configured per cell for P-1 BM or mobility purpose can be at least 64 for a similar deployment scenario. To allow for network implementation to have composite beams for SSB and fine beams for CSI-RS, the number of CSI-RS resources per cell can be e.g., 4L, i.e., up to 256 CSI-RS resources. 
This brings questions on the feasibility of configuring certain CSI-RS configuration parameters resource level. Although the CSI-RS configuration is done by RRC, the total configuration payload needs to be examined given that the agreed number of CSI-RS configuration properties is many. 
To understand the consequence of configuring large number of CSI-RS resources with configuring parameters per resource, a simple analysis is conducted for the number of bits to configure the CSI-RS parameters for P1 BM and mobility for the over6GHz case:
· Periodicity and offset … 11 bits
· Numerology … 2 bits
· PCID … 10 bits (mobility only)
· Scrambling ID … 10 bits
· Measurement BW … [4] bits
· RE mapping density … 2 bits
· RE mapping configuration … up to 8 bits (assuming D = 1, i.e., 168 states)
· QCL’ed SSB … 6 bits
Based on the above analysis, the total number of bits to configure one resource is [54] bits. Assuming that all the configuration parameters are configured per resource, and hence to configure 256 for BM and 1024 CSI-RS resources for mobility, the total number of bits become 13,568 and 54,272 bits. Configuring all the parameters per resource is clearly infeasible, and this gives strong motivation to structure the CSI-RS resource configuration parameters, i.e., to configure at least some parameters in resource set or resource setting levels. 
Observation 1: Configuring all the CSI-RS parameters in the resource level results in huge RRC configuration overhead, about ~15,000 and ~55,000 bits to configure 256 and 1024 CSI-RS resources.
To address this issue, the necessity of configuring individual parameters per resource is investigated, and also potential overhead saving if alternative signalling is adopted, is analysed. 
· RE mapping configuration for one-port CSI-RS mapped in a slot does not need to be indicated per resource; two bitmaps for time and frequency domain will be sufficient to indicate multiple CSI-RS resources in the same slot. For example, for configuring 12x14 = 168 resources, this bitmap based configuration can reduce the number of configuration bits for RE mapping from 168x8 = 1344 bits to 12+14 = 26 bits to configure 168 CSI-RS resources in a slot. It is noted that the math here can be easily updated depending on the final decision of the number of OFDM symbols in a slot that can carry the CSI-RS and the number of resources that can be configured per resource set/setting. 
· QCL’ed SSB configuration can be done in a batch for the CSI-RS resources mapped in a slot. For example, an L-bit bitmap can be used to indicate the QCL’ed CSI-RS mapped on up to 14 OFDM symbols of a slot. The number of ‘1’s of the L-bit bitmap can be up to 14, and the QCL is indicated by one-to-one mapping the positions of ‘1’ and the CSI-RS OFDM symbols in the slot. This configuration can reduce the number of configuration bits for QCL mapping from 168x6 = 1008 bits to up to 64 bits. 
· For network to configure multiple CSI-RS resources that are mapped in a same slot, periodicity and offset do not need to be individually indicated. These parameters can move to resource set/setting level. When per-slot configuration is envisions, it can also be seen that a few other parameters do not need to be configured per resource, including scrambling ID, measurement BW, density, etc. 
Proposal 12: For one-port P-CSI-RS configuration for BM and mobility, it is proposed to use per resource set/setting configurations for at least the following parameters: RE mapping, RE mapping density, QCL’ed SSB, periodicity & offset, scrambling ID, measurement BW, etc. 
3 
Conclusions
4 
In this contribution, Samsung’s view of CSI-RS for NR is presented. The following observations and proposals are made:
Observation 1: Configuring all the CSI-RS parameters in the resource level results in huge RRC configuration overhead, about ~15,000 and ~55,000 bits to configure 256 and 1024 CSI-RS resources.

Proposal 1: Support 5ms sequence initialization periodicity for the sake of mobility handling, e.g. by

Proposal 2: LTE PN generator is reused for CSI-RS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Sequence modulation is QPSK
Proposal 3: For {X=24, 32}-port CSI-RS which span N=4 OFDM symbols, support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.
Proposal 4: 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.
Proposal 5: CSI-RS port number is increased within a CDM group first, then across CDMs (already agreed).
The order of CDM groups is frequency first.
Proposal 6: Support following options to configure/indicate CSI-RS bandwidth
Option 1: Explicit configuration of CSI-RS bandwidth.
N is equal to the subband granularity of CSI reporting; X is equal to 1.
Option 2: Implicit configuration of CSI-RS bandwidth.
When the configured CSI-RS bandwidth is larger than the bandwidth of activated bandwidth part, UE assumes the same bandwidth for the CSI-RS and the activated bandwidth part.
Proposal 7: Support the following parameters for 1-port CSI-RS resources on a single OFDM symbol at least for beam management
· D∈{1.5, 3, 6}
· K∈{1, 2, 4, 8}
Proposal 8: At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
Proposal 9: Use TCI framework for at least following QCL relations:
· Source RS (e.g. CRI, SSB) and DM-RS of PDSCH in terms of QCL parameter sets 1, 2 and 3
· Source RS (e.g. CRI, SSB) and DM-RS of PDCCH in terms of QCL parameter sets 1, 2 and 3
· P/SP CSI-RS and AP CSI-RS in terms of QCL parameter set 3 
· SSB and AP CSI-RS in terms of QCL parameter set 3
· SSB and SP CSI-RS in terms of QCL parameter set 3
Proposal 10: Introduce RRC IE QCL-Info to configure at least following QCL relations:
· SSB and CSI-RS for CSI reporting in terms of QCL parameter sets 1 and 2
· CRI used for BM and CSI-RS for CSI reporting in terms of QCL parameter set 3
· SSB and P CSI-RS for BM
· SSB and CSI-RS for tracking in terms of QCL parameter sets 1, 2 and 3
· CSI-RS for tracking and a CRI (s) for CSI reporting in terms of QCL parameter sets 1 and 2 
Proposal 11: UE can be configured, via the RRC IE QCL-Info that all the antenna ports within a “unit resource” are QCL-ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set.
Proposal 12: For one-port P-CSI-RS configuration for BM and mobility, it is proposed to use per resource set/setting configurations for at least the following parameters: RE mapping, RE mapping density, QCL’ed SSB, periodicity & offset, scrambling ID, measurement BW, etc. 
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