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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]At RAN1#90 meeting [1], it was agreed that:
	Agreements:
· 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
Working assumption:
· CSI-RS resource(s) with 2-port with D>1 for beam management is not supported in Rel-15


At RAN1#AH1706 meeting [2], it was agreed that:
	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:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”
Agreements:
· For partial-band CSI-RS, partial-band can be the same as bandwidth part
· FFS whether or not to have small values than the bandwidth of bandwidth part



In this contribution, we discuss the remaining details of NR CSI-RS.

CSI-RS for CSI acquisition
One remaining issue of CSI-RS pattern design is whether or not components are allowed to be non-adjacent in frequency. As discussed in [3], CSI-RS may be transmitted with PDSCH and other RS (e.g., PTRS transmitted within PDSCH) in the same OFDM symbols. To enable simultaneous wide-band CSI acquisition and data transmission, it is preferred to support non-adjacent mapping of CSI-RS components in frequency domain. 
Proposal 1: Support non-adjacent mapping of CSI-RS components in frequency domain.
For the component patterns spanning 4 OFDM symbols (i.e., N = 4), it has been agreed in [2] that for each pair of 2 adjacent symbols, the same REs are occupied by CSI-RS. To reduce the complexity of CSI-RS design/configuration, it is further proposed to take the same set of REs for mapping CSI-RS in all 4 OFDM symbols when N = 4. 
Proposal 2: Support mapping CSI-RS to the same set of REs in all 4 OFDM symbols when N = 4. 
In LTE, within one OFDM symbol, the length of PN sequence per PRB is only 1, no matter how many REs are configured for one CSI-RS port. The longer the length of PN sequence, the less the cross-correlation of PN sequences. To support the agreed CSI-RS patterns of (Y, Z) = (2, 1) and (4, 1) and reduce interference from neighboring cells, the length of PN sequence per PRB per OFDM symbol should be larger than one, matching e.g., the maximum length of FD-CDM, the number of subcarriers per PRB (i.e., 12). This is illustrated in Figure 1. 
Proposal 3: The length of PN sequence for CSI-RS per PRB per OFDM symbol should be larger than 1.
[image: ]
Figure 1.  Examples of different sequence length for CSI-RS (per PRB)
CSI-RS for beam management
To provide smooth beam tracking experience in extreme scenarios (e.g., UE rotates at a speed of 50 rounds per minute), it is desirable to allow for mapping CSI-RS to a large number of OFDM symbols in one slot. Such CSI-RS may even be FDMed with PDSCH transmission. This brings up the problem of whether or not to allow for mapping CSI-RS to the OFDM symbols where additional DMRS may appear. In our view, if additional DMRS is not transmitted, NR should be able to map CSI-RS to the OFDM symbols where additional DMRS may appear.
Proposal 4: Support mapping CSI-RS to OFDM symbols on which additional DMRS may appear, if additional DMRS is not transmitted. 
Targeting at coarse beam selection instead of accurate CSI acquisition, beam reporting may not require whole-band measurement. Furthermore, allowing CSI-RS to be transmitted in a UE-specific sub-band is beneficial for acquiring beam and CSI reporting that are specific to the frequency resources allocated to a particular UE. In addition, if interference on CSI-RS from PDSCH sent to other UEs is affordable for beam measurement, non-orthogonal multiplexing between CSI-RS and PDSCH sent to different UEs can be allowed (i.e., ZP CSI-RS is not configured for interference avoidance and rate matching), with which the UE-specific subband CSI-RS configuration can be transparent to other UEs that are not scheduled on the particular time and frequency resources. This is illustrated in Figure 2. 
Proposal 5: Support transmitting CSI-RS spanning a bandwidth smaller than activated bandwidth part.
[image: ]
Figure 2. Example of CSI-RS transmissions on UE-specific subband
CSI-RS for fine T/F tracking
Our detailed design for RS for fine T/F tracking can be found in a companion contribution [4]. Here we only point out that the RS pattern for fine T/F tracking can be achieved by configuring one or multiple 1-port CSI-RS resources. That is to say, the functionality of fine T/F tracking can be provided by proper configuration of CSI-RS.
Proposal 6: Support configuring CSI-RS for fine T/F tracking by UE-specific signalling.
CSI-RS for extended CP
[bookmark: _GoBack]Extended CP is supported for 60 kHz subcarrier spacing. For simplicity, other than the specific symbol locations, the CSI-RS design agreed for normal CP can be reused for extended CP with certain down-selections. One motivation for down-selection is that the identified typical use cases for extended CP (such as high-speed and URLLC) do not require so many ports in one CSI-RS resource. Another motivation is high frequency density is needed for CSI-RS for providing robustness against high frequency-selectivity. More detailed discussion can be found in [5].
Proposal 7: For extended CP, support reusing a subset of CSI-RS patterns agreed for normal CP.
Summary of proposals
The proposals in this paper are summarized as follows. 
Proposal 1: Support non-adjacent mapping of CSI-RS components in frequency domain.
Proposal 2: Support mapping CSI-RS to the same set of REs in all 4 OFDM symbols when N = 4. 
Proposal 3: The length of PN sequence for CSI-RS per PRB per OFDM symbol should be larger than 1.
Proposal 4: Support mapping CSI-RS to OFDM symbols on which additional DMRS may appear, if additional DMRS is not transmitted. 
Proposal 5: Support transmitting CSI-RS spanning a bandwidth smaller than activated bandwidth part.
Proposal 6: Support configuring CSI-RS for fine T/F tracking by UE-specific signalling.
Proposal 7: For extended CP, support reusing a subset of CSI-RS patterns agreed for normal CP.
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