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[bookmark: _Toc490131368][bookmark: _Toc490131422][bookmark: _Toc490131464][bookmark: _Toc490131569][bookmark: _Toc490131599][bookmark: _Toc490131629][bookmark: _Toc490131691][bookmark: _Toc490132110][bookmark: _Toc490132208][bookmark: _Toc490209284][bookmark: _Toc490211713][bookmark: _Toc490244453]Introduction
In RAN1#89ah-NR2, the following agreement was made:
Agreements:
· Confirm the WA with the following revision
· Support PN sequence for CSI-RS for CSI acquisition and beam management
· FFS detailed sequence generation and initialization methods
· E.g. function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, function of PRB position of configured CSI-RS resource, etc.
Agreements:
· Down-select among the following two options in the next meeting
· 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)

Agreements:
· Down-select among the following two options in the next meeting:
· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 
· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 
· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.
· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot

Agreements:
· For CDM-8 in CSI-RS for CSI acquisition, support at least one of the following:
· Alt 1: Distributed across multiple of the component CSI-RS RE patterns
· Alt 2: Fully contained within one component CSI-RS RE pattern 
· For CDM-4, study further whether to support the ports being distributed across multiple of the component CSI-RS RE patterns


[bookmark: _Ref178064866]In this contribution we discuss design criteria for CSI-RS for CSI acquisition, and we propose a design, including subcarrier and symbol allocation, CDM group sizes, component sizes, and sequence design. One aspect especially highlighted is coexistence with RS types mapped to the same OFDM symbol(s). 
[bookmark: _Toc490131369][bookmark: _Toc490131423][bookmark: _Toc490131465][bookmark: _Toc490131570][bookmark: _Toc490131600][bookmark: _Toc490131630][bookmark: _Toc490131692][bookmark: _Toc490132111][bookmark: _Toc490132209][bookmark: _Toc490209285][bookmark: _Toc490211714][bookmark: _Toc490244454]Discussion
[bookmark: _Toc490131370][bookmark: _Toc490131424][bookmark: _Toc490131466][bookmark: _Toc490131571][bookmark: _Toc490131601][bookmark: _Toc490131631][bookmark: _Toc490131693]Detailed proposal for mapping of the components to subcarriers
CSI-RS is likely to coexist with other RS, for example TRS and PTRS, using FDM in the same OFDM symbol. It is desirable to allow for such coexistence without puncturing. If a CSI-RS pattern has a minimum number of adjacent REs of 4, then a coexisting reference signal pattern must allow for 4 consecutive unused subcarriers. This would be incompatible with likely designs for TRS (note that a RE level comb structure was agreed for TRS in the RAN1#89 meeting). If a CSI-RS pattern has a minimum number of adjacent subcarriers of two, then coexistence with other RS on a RE-level comb with repetition factor of 4 may be supported – this allows coexistence with TRS. 
[image: ]
[bookmark: _Ref489958225]Table 1	Example of mapping three (2,1) CSI-RS components with all possible shifts of TRS with RPF 4 (gray) and six (2,1) components on a symbol without TRS.
[image: ]
[bookmark: _Ref490125647]Table 2	Example of mapping four (2,1) CSI-RS components to allow FDM with PTRS with DMRS cfg1.
Table 1 shows how TRS with RPF 4 may be FDM with CSI-RS if the maximum CSI-RS component size is 2 consecutive subcarriers. This means that 6 or fewer ports per OFDM symbol allocated to CSI-RS may be supported (under the coexistence constraint), assuming D=1 RE/port/PRB.
Table 2 shows how PTRS may be accommodated by suitable configuration of CSI-RS.
Moreover, the examples above show that flexibility is needed in placing the components within a symbol in order to coexist with TRS and PTRS. Components cannot always be placed adjacent to each other.
1. [bookmark: _Toc490131371][bookmark: _Toc490131425][bookmark: _Toc490131467][bookmark: _Toc490131572][bookmark: _Toc490131602][bookmark: _Toc490131632][bookmark: _Toc490131694][bookmark: _Toc490132112][bookmark: _Toc490132210][bookmark: _Toc490209286][bookmark: _Toc490211715][bookmark: _Toc490244455]Starting subcarrier of a CSI-RS component may be specified with a granularity of maximum two subcarriers.
1. [bookmark: _Toc490131372][bookmark: _Toc490131426][bookmark: _Toc490131468][bookmark: _Toc490131573][bookmark: _Toc490131603][bookmark: _Toc490131633][bookmark: _Toc490131695][bookmark: _Toc490132113][bookmark: _Toc490132211][bookmark: _Toc490209287][bookmark: _Toc490211716][bookmark: _Toc490244456]Support non-adjacent components in the frequency domain.
[bookmark: _Toc490131373][bookmark: _Toc490131427][bookmark: _Toc490131469][bookmark: _Toc490131574][bookmark: _Toc490131604][bookmark: _Toc490131634][bookmark: _Toc490131696]Proposal for mapping CSI-RS to OFDM symbols
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, CSI-reporting accuracy may be degraded which would affect performance in subsequent transmissions. 
1. [bookmark: _Toc490131374][bookmark: _Toc490131428][bookmark: _Toc490131470][bookmark: _Toc490131575][bookmark: _Toc490131605][bookmark: _Toc490131635][bookmark: _Toc490131697][bookmark: _Toc490132114][bookmark: _Toc490132212][bookmark: _Toc490209288][bookmark: _Toc490211717][bookmark: _Toc490244457]Assume TDM between SS block and CSI-RS.
[bookmark: _Hlk489975260]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 limiting FDM between DMRS and data. However, FDM between CSI-RS and DMRS may be limited by this restriction. 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. 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. We propose:
1. [bookmark: _Toc490131375][bookmark: _Toc490131429][bookmark: _Toc490131471][bookmark: _Toc490131576][bookmark: _Toc490131606][bookmark: _Toc490131636][bookmark: _Toc490131698][bookmark: _Toc490132115][bookmark: _Toc490132213][bookmark: _Toc490209289][bookmark: _Toc490211718][bookmark: _Toc490244458]The UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS
[bookmark: _Toc490131376][bookmark: _Toc490131430]For multiplexing with PDCCH, we note that UEs with CORESETS overlapping symbols where CSI-RS are mapped would need to be informed of the presence of CSI-RS. This would require a complex configuration, especially for common CORESETS. We also note that early CSI-RS placement will inherently create extra delay (albeit small) between CSI-RS reception and CSI reporting. 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.
1. [bookmark: _Toc490131377][bookmark: _Toc490131431][bookmark: _Toc490131472][bookmark: _Toc490131577][bookmark: _Toc490131607][bookmark: _Toc490131637][bookmark: _Toc490131699][bookmark: _Toc490132116][bookmark: _Toc490132214][bookmark: _Toc490209290][bookmark: _Toc490211719][bookmark: _Toc490244459]From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 
If PDCCH, DMRS symbols are avoided for CSI-RS, then it is likely that TRS (which also span several symbols) cannot be assumed to be strictly TDM. In this case slot level TDM is not desirable due to the TRS being transmitted with relatively high frequency and, quite possibly, in bursts.
1. [bookmark: _Toc490131378][bookmark: _Toc490131432][bookmark: _Toc490131473][bookmark: _Toc490131578][bookmark: _Toc490131608][bookmark: _Toc490131638][bookmark: _Toc490131700][bookmark: _Toc490132117][bookmark: _Toc490132215][bookmark: _Toc490209291][bookmark: _Toc490211720][bookmark: _Toc490244460]Allow CSI-RS/TRS multiplexing for some CSI-RS configurations in same OFDM symbol and PRB.
Noting that PTRS may need to be present in all symbols where data is present in some scenarios and that CSI-RS and data may be FDM we also propose (see example on how this may be done in Table 2):
1. [bookmark: _Toc490131379][bookmark: _Toc490131433][bookmark: _Toc490131474][bookmark: _Toc490131579][bookmark: _Toc490131609][bookmark: _Toc490131639][bookmark: _Toc490131701][bookmark: _Toc490132118][bookmark: _Toc490132216][bookmark: _Toc490209292][bookmark: _Toc490211721][bookmark: _Toc490244461]Allow CSI-RS/PTRS multiplexing in same symbol and PRB. Allow configuration of CSI-RS so that PTRS can have fixed relation to DMRS ports while avoiding subcarriers with CSI-RS.
[bookmark: _Toc490131380][bookmark: _Toc490131434]We propose to place additional DMRS in the 10th and 11th OFDM symbol of a slot [3]. This leaves room for four adjacent CSI-RS symbols in between the DMRS symbols
1. [bookmark: _Toc490131381][bookmark: _Toc490131435][bookmark: _Toc490131475][bookmark: _Toc490131580][bookmark: _Toc490131610][bookmark: _Toc490131640][bookmark: _Toc490131702][bookmark: _Toc490132119][bookmark: _Toc490132217][bookmark: _Toc490209293][bookmark: _Toc490211722][bookmark: _Toc490244462]Allow placement of N=4 adjacent symbols with CSI-RS in the 6th to 9th symbols of a slot. Allow placement of N=2 symbols with CSI-RS in the 7th and 8th symbol of a slot and N=1 symbol in the 7th symbol of a slot.  Allow placement of N=4 pairwise adjacent symbols in the 7th, 8th, 12th, and 13th symbol of a slot.
Note that we propose to not have CSI-RS mapping depend on DMRS configuration or number of symbols for PDCCH.
With N=2 CSI-RS symbols, SS block and CSI-RS can then co-exist in the same slot using symbol level TDM. For N=4 with adjacent symbols for CSI-RS, SS block and CSI-RS can not be TDM if transmitted in the same slot. 
[image: ]
[bookmark: _Ref490123706]Table 3	Illustration of the proposed positions of CSI-RS
Table 3 gives an illustration of our proposed (see [1] and [3]) symbol mapping for CSI-RS.
In order to support CSI-RS transmission in uplink heavy slots with no PDSCH, one may consider an alternative, earlier placement of CSI-RS.
1. [bookmark: _Toc490209294][bookmark: _Toc490211723][bookmark: _Toc490244463]Study mapping CSI-RS to symbols with index 3,4,5,6 in slots with no PDSCH
There are several reasons for adopting a fully uniform RE mapping pattern across time for NR also for N=4 symbols (beyond the already agreed pair-wise uniformity):
· A uniform pattern allows FDM multiplexing of CSI-RS with TRS/PTRS for the case of N = 4 symbols 
· For X=24 ports a uniform design allows coexistence with TRS for 4 adjacent symbols
· For X=32 port a uniform design allows coexistence with PTRS for 4 CSI-RS symbols
· A uniform pattern allows more opportunities to keep the REs within a CDM group as close together as possible in both time and frequency, this improves channel estimation performance (see more details on this in Section 2.3 ). 
· A uniform pattern simplifies rate matching around the CSI-RS resource
· A uniform pattern results in a cleaner specification: only a single set of parameters to specify subcarriers (valid for all symbols) is required. With a non-uniform pattern, at least two parameter sets to specify the occupied subcarriers would be necessary, one per symbol pair.
1. [bookmark: _Toc490131382][bookmark: _Toc490131436][bookmark: _Toc490131476][bookmark: _Toc490131581][bookmark: _Toc490131611][bookmark: _Toc490131641][bookmark: _Toc490131703][bookmark: _Toc490132120][bookmark: _Toc490132218][bookmark: _Toc490209295][bookmark: _Toc490211724][bookmark: _Toc490244464]For a CSI-RS resource spanning N = 4 symbols, support a uniform RE mapping pattern, i.e., same subcarriers occupied in all 4 symbols.
[bookmark: _Ref489974866][bookmark: _Toc490131383][bookmark: _Toc490131437][bookmark: _Toc490131477][bookmark: _Toc490131582][bookmark: _Toc490131612][bookmark: _Toc490131642][bookmark: _Toc490131704]Proposals for CDM sizes and number of symbols for CSI-RS for the supported number of ports
Based on the proposals later in this section, we propose supporting the following CSI-RS patterns. Note: entries in black are already agreed. Entries in red are newly proposed. 
	X 
	Density D (RE/PRB/port
	N
	Component size (Y,Z)
	CDM

	1
	>1,1
	1
	1
	No CDM possible

	2
	1, 1/2, 1/3
	1
	(2,1)
	FD-CDM2

	4
	1, 1/2, 1/3
	1
	(4,1) 
	FD-CDM2

	4
	1, 1/2, 1/3
	1
	 (2,1)
	FD-CDM2

	4
	1, 1/2, 1/3
	2
	(2,2)
	FD-CDM2, CDM4(FD2, TD2)

	8
	1, 1/2, 1/3
	1
	(2,1)
	FD-CDM2

	8
	1, 1/2, 1/3
	2
	(2,2)
	FD-CDM2, CDM4(FD2, TD2)

	12
	1, 1/2, 1/3
	1
	(2,1)
	FD-CDM4 

	12
	1, 1/2, 1/3
	2
	(2,2)
	FD-CDM2, CDM4(FD2, TD2)

	16
	1, 1/2, 1/3
	2
	(2,2)
	FD-CDM2, CDM4(FD2, TD2)

	16
	1, 1/2, 1/3
	4 (adjacent)
	(2,4)
	FD-CDM2, CDM8 (FD2, TD4)

	16
	1, 1/2, 1/3
	4 (2 + 2)
	(2,2)
	FD-CDM2, CDM4(FD2, TD2)

	24
	1, 1/2, 1/3
	2
	(2,2)
	FD-CDM4, CDM8(FD4, TD2)

	24
	1, 1/2, 1/3
	4 (adjacent)
	(2,4)
	FD-CDM2, CDM8 (FD2, TD4)

	24
	1, 1/2, 1/3
	4 (2 + 2)
	(2,2)
	FD-CDM2, CDM4(FD2, TD2)

	32
	1, 1/2, 1/3
	4 (adjacent)
	(2,4)
	FD-CDM2, CDM8 (FD2, TD4)

	32
	1, 1/2, 1/3
	4 (2 + 2)
	(2,2)
	FD-CDM2, CDM4(FD2, TD2)


[bookmark: _Ref489968639]Table 4	List of agreed and proposed CSI-RS patterns including component sizes and CDM configurations
1. [bookmark: _Toc490131384][bookmark: _Toc490131438][bookmark: _Toc490131478][bookmark: _Toc490131583][bookmark: _Toc490131613][bookmark: _Toc490131643][bookmark: _Toc490131705][bookmark: _Toc490132121][bookmark: _Toc490132219][bookmark: _Toc490209296][bookmark: _Toc490211725][bookmark: _Toc490244465]Support CSI-RS patterns according to Table 2  (patterns not already agreed highlighted)
[bookmark: _Toc490131385][bookmark: _Toc490131439][bookmark: _Toc490131479][bookmark: _Toc490131584][bookmark: _Toc490131614][bookmark: _Toc490131644][bookmark: _Toc490131706][bookmark: _Toc490132122][bookmark: _Toc490131386][bookmark: _Toc490131440][bookmark: _Toc490131480][bookmark: _Toc490131585][bookmark: _Toc490131615][bookmark: _Toc490131645][bookmark: _Toc490131707][bookmark: _Toc490132123][bookmark: _Toc490132220]Motivated by flexibility and coexistence with other RS, we propose 
[bookmark: _Toc490209297][bookmark: _Toc490211726][bookmark: _Toc490244466]Specify a (2,1) component for X=4, N=1.
Maximum power utilization is clearly desirable for the CSI-RS ports. This has two consequences:
· All CSI-RS ports transmitted in a slot should be present in all symbols where CSI-RS is present (when possible). This speaks in favour on using time domain CDM (such as time direction OCC, T-OCC) as far as possible for CSI-RS ports (see proposal below). 
· The CSI-RS pattern should be designed to allow full power utilization for each port without requiring boosting any subcarrier more than 6dB (considering that CSI-RS may be multiplexed with data or other RS.
[bookmark: _Toc485375715]The latter principle drives the need for introducing frequency domain CDM (such as F-OCC) in some of the configurations. From an estimation accuracy point of view, however, one may observe that frequency domain OCC over large frequency spans creates sensitivity to timing errors and high delay spread– as this will lead to loss of orthogonality between the ports separated by the code.
The arguments on power utilization, coexistence with other RS and channel estimation accuracy lead us to the following proposals:
1. [bookmark: _Toc490131387][bookmark: _Toc490131441][bookmark: _Toc490131481][bookmark: _Toc490131586][bookmark: _Toc490131616][bookmark: _Toc490131646][bookmark: _Toc490131708][bookmark: _Toc490132124][bookmark: _Toc490132221][bookmark: _Toc490209298][bookmark: _Toc490211727][bookmark: _Toc490244467]Design for the minimum extent of frequency domain OCC while satisfying the maximum allowed power boosting. Allow frequency domain OCC only for adjacent subcarriers.
A parallel estimation accuracy argument speaks in favour on keeping symbols for CSI-RS adjacent as much as possible - to preserve the orthogonality of the time domain OCC in the presence of Doppler. We propose:
1. [bookmark: _Toc485416759][bookmark: _Toc485375862][bookmark: _Toc490131388][bookmark: _Toc490131442][bookmark: _Toc490131482][bookmark: _Toc490131587][bookmark: _Toc490131617][bookmark: _Toc490131647][bookmark: _Toc490131709][bookmark: _Toc490132125][bookmark: _Toc490132222][bookmark: _Toc490209299][bookmark: _Toc490211728][bookmark: _Toc490244468]Disallow CDM (T-OCC) across non-adjacent symbols.
Because of this and the need for T-OCC for full power utilization we propose to strive for adjacent symbols for CSI-RS when possible.
Due to constraints with respect to the number of concurrent beams in certain array architectures, the CSI-RS design should also support TDM as an alternative to T-OCC (this is also reflected in Table 4).
1. [bookmark: _Toc490131389][bookmark: _Toc490131443][bookmark: _Toc490131483][bookmark: _Toc490131588][bookmark: _Toc490131618][bookmark: _Toc490131648][bookmark: _Toc490131710][bookmark: _Toc490132126][bookmark: _Toc490132223][bookmark: _Toc490209300][bookmark: _Toc490211729][bookmark: _Toc490244469]Allow a configuration such that T-OCC is replaced by pure TDM of the ports.
The agreed codebook design support 24 ports, hence CS-RS should also support it (See also [1]):
1. [bookmark: _Toc485416761][bookmark: _Toc485375864][bookmark: _Toc490131390][bookmark: _Toc490131444][bookmark: _Toc490131484][bookmark: _Toc490131589][bookmark: _Toc490131619][bookmark: _Toc490131649][bookmark: _Toc490131711][bookmark: _Toc490132127][bookmark: _Toc490132224][bookmark: _Toc490209301][bookmark: _Toc490211730][bookmark: _Toc490244470]Support 24 port CSI-RS for N = [2,4].
[bookmark: _Toc485416762][bookmark: _Toc485375865]Evaluation results in [5]  show that, for low, SNR, the loss in precoding performance due to channel estimation can be quite significant: on the order of 3dB at -5dB SNR. This motivates allowing for higher CSI-RS densities than D=1 RE/port/PRB. Also note that, compared to LTE, a density of D=1 gives the same energy on CSI-RS per port for 15kHz numerology but half the energy for 30kHz numerology. 
1. [bookmark: _Toc490131391][bookmark: _Toc490131445][bookmark: _Toc490131485][bookmark: _Toc490131590][bookmark: _Toc490131620][bookmark: _Toc490131650][bookmark: _Toc490131712][bookmark: _Toc490132128][bookmark: _Toc490132225][bookmark: _Toc490209302][bookmark: _Toc490211731][bookmark: _Toc490244471]Consider supporting densities D>1 RE/port/PRB, possibly for a reduced number of ports only.
[bookmark: _Toc490131392][bookmark: _Toc490131446][bookmark: _Toc490131486][bookmark: _Toc490131591][bookmark: _Toc490131621][bookmark: _Toc490131651][bookmark: _Toc490131713][bookmark: _Toc490132129]On the other hand in some scenarios, D = 1/2 may actually lead to overprovisioning CSI-RS resources. Hence we also propose
1. [bookmark: _Toc490131393][bookmark: _Toc490131447][bookmark: _Toc490131487][bookmark: _Toc490131592][bookmark: _Toc490131622][bookmark: _Toc490131652][bookmark: _Toc490131714][bookmark: _Toc490132130][bookmark: _Toc490132226][bookmark: _Toc490209303][bookmark: _Toc490211732][bookmark: _Toc490244472]Include density D = 1/3 (in addition to already agreed ½ and 1)
As agreed for D = 1/2, density reduction for D = 1/3 may be achieved by PRB level subsampling of the D=1 CSI-RS pattern.
[bookmark: _Toc490131395][bookmark: _Toc490131449][bookmark: _Toc490131489][bookmark: _Toc490131594][bookmark: _Toc490131624][bookmark: _Toc490131654][bookmark: _Toc490131716][bookmark: _Toc490132132]The two tables below indicate CDM span and possibilities for coexistence with TRS for the considered combinations of X and N (these results are reflected in Table 1).
	Full power utilization, and limit of 6dB powerboosting
	
	Coexistence with 4 comb RS (Max FCDM indicated)
	

	F-CDM span (minimum)
	
	
	
	
	

	X
	N=1
	N=2
	N=4
	
	
	X
	N=1
	N=2
	N=4

	1
	1
	X
	x
	
	
	1
	yes (2)
	x
	x

	2
	1
	X
	x
	
	
	2
	yes (2)
	x
	x

	4
	1
	1
	x
	
	
	4
	yes (2)
	yes (2)
	x

	8
	2
	1
	x
	
	
	8
	no
	yes (2)
	x

	12
	4
	2
	x
	
	
	12
	no
	yes (2)
	x

	16
	X
	2
	1
	
	
	16
	x
	no
	yes (2)

	24
	X
	4
	2
	
	
	24
	x
	no
	yes (2)

	32
	X
	X
	2
	
	
	32
	x
	x
	No



[bookmark: _Toc490131396][bookmark: _Toc490131450][bookmark: _Toc490131490][bookmark: _Toc490131595][bookmark: _Toc490131625][bookmark: _Toc490131655][bookmark: _Toc490131717]Sequence generation
It is already agreed to use PN sequences for CSI-RS for CSI-acquisition. 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. 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. 
[bookmark: _Toc490131397][bookmark: _Toc490131451][bookmark: _Toc490131491][bookmark: _Toc490131596][bookmark: _Toc490131626][bookmark: _Toc490131656][bookmark: _Toc490131718][bookmark: _Toc490132133][bookmark: _Toc490132228][bookmark: _Toc490209304]Note that when UEs have different operation bandwidth capabilities, the system bandwidth and the operation bandwidth of the UE may not be the same. Figure 1 illustrates a resource-specific CSI-RS mapping where two UEs have operation bandwidths that partly overlap. In this case, the resource-specific CSI-RS sequences used by the UEs represent segments taken from the long CSI-RS sequence on the left-hand side. This long CSI-RS sequence may refer to largest possible UE operation bandwidth or to a large fictive system bandwidth seen from the network side. If the UEs are configured with the same initialization parameters, the overlapping CSI-RS will be identical which enables sharing of CSI-RS for UEs with different operation bandwidths. In this illustration, the higher layer signalling of the parameter  indicates the start of the resource-specific CSI-RS block and could be viewed as representing for the UE a reference subcarrier.
[bookmark: _Toc490211733][bookmark: _Toc490244473]An offset parameter is signalled to indicate the start of the CSI-RS sequence  

[image: ]
[bookmark: _Ref490228366]Figure 1	Illustration on offset signalling to achieve resource specific CSI-RS sequences for UEs with different operating bandwidths

[bookmark: _Toc490211734][bookmark: _Toc490244474]Reuse LTE-like CSI-RS sequence definition for CSI-RS for CSI acquisition for NR. Seed should depend on a UE specifically configured quantity and the OFDM symbol number relative to the slot start or radio frame start.
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Based on the discussion in this contribution we propose the following:
Proposal 1	Starting subcarrier of a CSI-RS component may be specified with a granularity of maximum two subcarriers.
Proposal 2	Support non-adjacent components in the frequency domain.
Proposal 3	Assume TDM between SS block and CSI-RS.
Proposal 4	The UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS
Proposal 5	From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot
Proposal 6	Allow CSI-RS/TRS multiplexing for some CSI-RS configurations in same OFDM symbol and PRB.
Proposal 7	Allow CSI-RS/PTRS multiplexing in same symbol and PRB. Allow configuration of CSI-RS so that PTRS can have fixed relation to DMRS ports while avoiding subcarriers with CSI-RS.
Proposal 8	Allow placement of N=4 adjacent symbols with CSI-RS in the 6th to 9th symbols of a slot. Allow placement of N=2 symbols with CSI-RS in the 7th and 8th symbol of a slot and N=1 symbol in the 7th symbol of a slot.  Allow placement of N=4 pairwise adjacent symbols in the 7th, 8th, 12th, and 13th symbol of a slot.
Proposal 9	Study mapping CSI-RS to symbols with index 3,4,5,6 in slots with no PDSCH
Proposal 10	For a CSI-RS resource spanning N = 4 symbols, support a uniform RE mapping pattern, i.e., same subcarriers occupied in all 4 symbols.
Proposal 11	Support CSI-RS patterns according to Table 2  (patterns not already agreed highlighted)
Proposal 12	Specify a (2,1) component for X=4, N=1.
Proposal 13	Design for the minimum extent of frequency domain OCC while satisfying the maximum allowed power boosting. Allow frequency domain OCC only for adjacent subcarriers.
Proposal 14	Disallow CDM (T-OCC) across non-adjacent symbols.
Proposal 15	Allow a configuration such that T-OCC is replaced by pure TDM of the ports.
Proposal 16	Support 24 port CSI-RS for N = [2,4].
Proposal 17	Consider supporting densities D>1 RE/port/PRB, possibly for a reduced number of ports only.
Proposal 18	Include density D = 1/3 (in addition to already agreed ½ and 1)
Proposal 19	An offset parameter is signalled to indicate the start of the CSI-RS sequence
Proposal 20	Reuse LTE-like CSI-RS sequence definition for CSI-RS for CSI acquisition for NR. Seed should depend on a UE specifically configured quantity and the OFDM symbol number relative to the slot start or radio frame start.
[bookmark: _GoBack]
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc490131399][bookmark: _Toc490131453][bookmark: _Toc490131493][bookmark: _Toc490131598][bookmark: _Toc490131628][bookmark: _Toc490131658][bookmark: _Toc490131720][bookmark: _Toc490132135][bookmark: _Toc490132230][bookmark: _Toc490209306][bookmark: _Toc490211736][bookmark: _Toc490244476]References
[bookmark: _Ref490208737]R1-1714317, “On time and frequency tracking of the channel”, Ericsson, 3GPP TSG-RAN WG1 #90 , August 2017
R1-1714306, “On Multiplexing of RS types for downlink”, Ericsson, 3GPP TSG-RAN WG1 #90 , August 2017
[bookmark: _Ref490208501]R1-1714310, “On DL DMRS design”, Ericsson, 3GPP TSG-RAN WG1 #90 , August 2017
R1-1714314, “On DL PTRS design”, Ericsson, 3GPP TSG-RAN WG1 #90 , August 2017
[bookmark: _Ref490209187]R1-1711041,  “On CSI-RS for CSI acquisition”, Ericsson, 3GPP TSG-RAN WG1 Meeting #89ah-NR , June 2017



	9/9	
image3.emf
symb 0 1 2 3 4 5 6 7 8 9 10 11 12 13

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th 14th

PDCCH DL DMRS DL data SS block

symb 0 1 2 3 4 5 6 7 8 9 10 11 12 13

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th 14th

PDCCH SS block

symb 0 1 2 3 4 5 6 7 8 9 10 11 12 13

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th 14th

PDCCH DL DMRS TRS TRS DL DMRS TRS

1 symbol CSI-RS:

2 symbol CSI-RS

4 symbol CSI-RS:

2+2 symbol CSI-RS:


image4.png
Configured UE bandwidth

Xpy(so)_q UE1 UE2
:: .: Nl(sc) -1 : Nz(sc) _1
s = My
X:Al X:Al 0 A, is signaled
’20 A, is signaled
Long CSI-RS

sequence




image1.emf
SC idx TRS 0 TRS 1 TRS 2 TRS 3 No TRS

11 A A A

10

9 B B B

8

7 C C C

6

5 D D D

4

3 E E E

2

1 F F F

0


image2.emf
SC idx DMRS cfg1 CSI-RS 

11 A

10

9 B

8

7 C

6

5 D

4

3 PTRS associated with port 3

2 PTRS associated with port 2

1 ports 1 and 3 PTRS associated with port 1

0 ports 0 and 2 PTRS associated with port 0


