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Introduction
At the last meeting, there were intensive discussions on CSI-RS design for NR downlink beam management and CSI acquisition. Several agreements were reached as follows [1].
	R1-1718841	Summary of remaining issues on CSI-RS	Huawei, HiSilicon

Agreement:
The starting subcarrier of a CSI-RS component RE pattern
· For 1 port CSI-RS, there is no restriction
· For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
· For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)

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 

R1-1718947	Summary of offline discussions on CSI-RS	Huawei, HiSi

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.

Conclusion:
Companies are encouraged to review the list of open issues in R1-1718947 and other CSI-RS open issues especially those with impact to RAN2
· Email discussion until 27th of Oct on CSI-RS open issues with RAN2 impact to be coordinated by Xi (Huawei)

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)


In this contribution, we present our views on remaining details on CSI-RS design.
Discussion
Sequence initialization
[bookmark: _GoBack]CSI-RS sequence (PN sequence) should be initialized with the parameter cinit in order to suppress mutual interference between sequences. In LTE-A, VCID with 10bits is used for the initialization. On the other hand, in the NR, we rely more functionality on CSI-RS such as beam sweeping, UE-specific CSI-RS, etc. In this sense, it is reasonable to reserve larger number of initialization sequences to cater for more frequent transmission of CSI-RS. In addition, considering that beamforming can be applied for CSI-RS, it becomes more reasonable to transmit multiple CSI-RSs that are not orthogonal to each other but scrambled with different cinit, i.e., RSs separated in spatial domain like LTE DM-RS. The number of scrambling ID for CSI-RS should be larger than that for DM-RS, since data (DM-RS) resource allocation is determined based on beam management and CSI acquisition, those are performed for potential resource for data resource allocation. 
Proposal 1: Support scrambling ID with the length larger than 10 bits.
Partial-band (PB) CSI-RS 
PB CSI-RS is useful for NR in terms of efficient downlink resource utilization. Followings are the agreements pertinent to PB CSI-RS at the RAN1 #90bis meeting. 
	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


Considering the possible feedback granularity, it doesn’t make sense to support partial bandwidth smaller than feedback subband size. On the other hand, smaller partial bandwidth is beneficial in terms of efficient downlink resource utilization. Figure 1 shows potential use cases for partial-band CSI-RS. In this example, we assume prior information on PB selection is available using 1st step CSI acquisition (or even beam management if PB or subband (SB) reporting is supported for beam management). 1st PDCCH can trigger PB CSI-RS transmission and corresponding CSI reporting. Then, based on the CSI feedback, 2nd PDCCH is transmitted to trigger PDSCH. Here, for efficient downlink bandwidth allocation, it is beneficial that PB CSI-RS and PDSCH can share the same transmission bandwidth. This scheme is beneficial especially on MU-MIMO transmission, where PB CSI-RS is transmitted to measure MU-CSI. In addition, it is beneficial that transmission bandwidth is aligned between CSI-RS, CSI reporting and PDSCH, e.g., partial-band CSI-RS with the granularity of PDSCH resource allocation and PDSCH transmission with the granularity of subband for CSI feedback. Considering non-contiguous frequency resource allocation for PDSCH, it is also beneficial to support CSI-RS transmission that is not contiguous in frequency domain.
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Figure 1: Potential use case for partial band CSI-RS
Proposal 2: Bandwidth for PB CSI-RS should be aligned with subband size and RBG size, i.e., X=N=subband size=RBG size. 
Proposal 3: PB CSI-RS should support non-contiguous frequency resource allocation.

Symbol location within a slot
At the previous meetings, it was agreed that at least {1, 2, 3, 6, 7, 8, 9, 10, 11, 13 and 14}-th symbols can be configured for CSI-RS resource as in Fig. 2. There are three remaining symbols for further discussion, which are {4, 5 and 12}-th symbols. As discussed in the last meeting [2], there is limited flexibility for CSI-RS mapping, especially for larger number of CSI-RS antenna ports that is typically used for sub-6 GHz. We need to consider how to accommodate CDM8 (TD4, FD2) resources even allowing multiplexing with other channels/signals such as DM-RS and TRS. In order to reserve 4 adjacent OFDM symbols for CDM8, it is beneficial to allow {4 and 12}-th symbols. In the end, there is straightforward to support all the remaining {4, 5 and 12}-th symbols for CSI-RS resource. It is also beneficial in terms of symbol-level TDM for beam management. 
Proposal 4: Support {4, 5, 12}-th symbol as additional CSI-RS symbol location (index starts at 1).
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Fig. 2. Potential OFDM symbols for CSI-RS resource
RSRP for 2-port CSI-RS 
NR supports beam management using 2-port CSI-RS. Definition of 2-port CSI-RS should be presented in RAN1 specification. The definition can refer RSRP for CRS in LTE/LTE-A.
Proposal 5: Specify RSRP for 2-port CSI-RS based on RSRP for CRS in LTE/LTE-A.
Summary
In this contribution, we presented general views on CSI-RS design for beam management and CSI acquisition. Based on the discussion, we made the following proposals.
Proposal 1: Support scrambling ID with the length larger than 10 bits.
Proposal 2: Bandwidth for PB CSI-RS should be aligned with subband size and RBG size, i.e., X=N=subband size=RBG size. 
Proposal 3: PB CSI-RS should support non-contiguous frequency resource allocation.
Proposal 4: Support {4, 5, 12}-th symbol as additional CSI-RS symbol location (index starts at 1).
Proposal 5: Specify RSRP for 2-port CSI-RS based on RSRP for CRS in LTE/LTE-A.
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