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1 Introduction
In RAN#86 the following agreement was made with respect to CSI-RS support in NR [1]:
	Agreements:
· At least one of following RS configurations for CSI measurement are supported in NR

· Aperiodic RS

· Semi-persistent RS

· Periodic RS

· Study RS pattern for CSI measurement in NR both for DL and UL

· Study the density of RS

· Study the position of RS in the [subframe]

· Study the mapping of RS in one or several symbols


In this contribution we provide our views on non-precoded CSI-RS for NR MIMO regarding the reference signal design, the density of RS, position within the subframe and symbol mapping.
2. Discussion
The CSI-RS was introduced in LTE to compliment CRS for efficient and scalable estimation of channel state information (CSI) of multiple TRP’s/cells. General reference signal design principles such as constant modulus and uniform spacing in frequency domain, low overhead, full power utilization, inter-cell interference measurement and management, minimum wake up duty cycle for a DRX mode UE, etc. were identified and adapted in designing CSI-RS for LTE. The NR brings in new issues, in addition to the ones mentioned above, that need to be considered while designing NR CSI-RS. 
2.1 Hybrid antenna architecture:
Hybrid antenna architectures are typical in NR systems due to their cost-performance benefit. Hybrid antenna architectures have more number of antenna elements than the number of RF-chains and the MIMO beam-forming is split between analog and digital domain. The analog component of beam forming is typically affected by phase only and is wide-band operation. Thus, if an antenna port is used for transmission of CSI-RS in a certain beam direction, it cannot transmit other information or channel in a different beam direction. This limits the multiplexing capabilities of CSI-RS with different channels such as physical data or control channel in a given symbol. One alternative is to dedicate a complete symbol for CSI-RS transmission. The total number of symbols used for CSI-RS transmission in a sub-frame can be configured dynamically to support beam selection. The CSI-RS transmissions from different TRP can be also multiplexed in TDM, using either different symbols or sub-frames. Moreover due to possible multiplexing of the UEs of different numerologies it is desirable to support flexible bandwidth assignment for CSI-RS.
Observation1: Analog beam forming component of a hybrid antenna architecture is a wide-band operation.
Proposal 1: Dedicated OFDM symbol or symbols are used for CSI-RS transmission.

Proposal 2: Number and the position (within sub-frame) of symbols and subcarriers used for CSI-RS transmission in a sub-frame can be configured dynamically.
2.2 Number of antenna ports and RS overhead
In LTE Rel-14, up to 32 non-precoded CSI-RS antenna ports were specified to support FD-MIMO. To facilitate usage on NR on the same antenna systems and provide similar performance as LTE, NR should also support CSI-RS with at least 32 antenna ports. It should be further evaluated whether there are benefits of supporting more than 32 antenna ports, e.g. 64 studied in FD-MIMO study item
Proposal 3: The number of non-precoded CSI-RS antenna ports is at least 32. Support of up to 64 antenna ports is FFS.
2.3 CSI reference signals and resource mapping 
As mentioned earlier, CSI reference signal and resource mapping needs to follow the usual RS design principles such as constant modulus and uniform spacing in frequency domain, full power utilization, inter-cell interference measurement and management capability while supporting additional NR constraints such as uniform design for low and high band, support flexible bandwidth allocation and multiple numerology. Additionally, for coverage enhancement, especially at high band, CSI-RS with low PAPR and full power utilization may be desirable. In the following sections we discuss two possible CSI-RS options along with the resource mapping in the light of above design criteria. 
2.3.1 CSI-RS based on pseudo-noise (PN) QPSK sequences
Similar to LTE, a pseudo-noise (PN) QPSK sequences can be used for NR CSI-RS. In addition to satisfying the basic reference signal properties of constant modulus, reasonably low cross correlation, good auto-correlation and quadrature phase, PN sequences are also very flexible, abundant and can be generated for varying lengths. Thus satisfying the NR CSI-RS requirement of being flexible in bandwidth assignments.
In terms of resource mapping, one option is to a construct a basic two RE (of the same OFDM symbol) CSI-RS resource unit and support higher antenna ports using aggregation of these basic units. For example, in Fig-1 we show an example of aggregating multiple 2 port CSI-RS resources to support 8 antenna ports (each port is denoted using a color) per OFDM symbol with RE density of 1.5 RE/port/PRB. 
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Figure-1
An OCC-2 spreading can be used for consecutive mapped ports, e.g., Ax, Ax, for full power utilization, in the case when a single OFDM symbol in a sub-frame is used for CSI-RS transmission. If two OFDM symbols, in a sub-frame, are used to transmit CSI-RS then OCC-4 spreading (across time and frequency) can be used for full power utilization. In Fig-2 we show an example of CSI-RS transmission for 16 antenna ports using two OFDM symbols, with OCC-4 spreading. Each color in the Fig-2, represents a group of ports multiplexed together using OCC-4. 
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Figure-2
Further RE density per port per PRB can be configured depending on the use case, e.g., multiple 2 port CSI-RS resources can be aggregated to support 16 antenna ports per OFDM symbol with RE density of 0.75 RE/port/PRB. In this case, OCC-8 can be used (across 4 RE’s in frequency domain and two OFDM symbols) for full power utilization. 
Proposal 4: Consider random PN QPSK sequences as an option for NR CSI-RS.
Proposal 5: Two consecutive RE forms a two port CSI-RS resource. Multiple two-port CSI-RS resources can be aggregated to support higher number of ports.
Proposal 6: Use OCC spreading code of length 2, 4 or 8 depending on the use case, for full power utilization.

Proposal 7: RE density per port per PRB is configurable to support multiple ports per OFDM symbol.

2.3.2 CSI-RS based on Zadoff-Chu sequences
In addition to satisfying the basic reference signal properties, ZC sequences have zero-auto correlation and best cross correlation for prime lengths. ZC sequences also have low PAPR. One of the issues with ZC sequences as compared to PN QPSK sequences is the relative inflexibility in the sequence lengths. So in order to support flexible bandwidth assignments for NR CSI-RS, one may have to use block wise ZC sequences and or ZC sequences with cyclic extensions.

The CSI-RS of different antenna ports can be multiplexed using different cyclic shifts of ZC sequences. The CSI-RS of neighbouring cells use different root values and or may be scheduled in different sub-frame or OFDM symbols to avoid or minimize the CSI-RS interference. Further, if more than one OFDM symbols are used for CSI-RS transmission in a sub-frame, symbol-wise OCC-2 spreading across time can be applied for full power utilization. 

In Fig. 3, we show an example of multiplexing CSI-RS of 16 antenna ports in 2 OFDM symbols using different cyclic shifts n0,…, n15, of the same ZC sequence ‘X’ and symbol-wise spreading using OCC-2. The total allocated bandwidth is such that the length of the sequence X is greater than 16.
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Figure-3
Another option for multiplexing CSI-RS of different antenna ports from same TRP is to do interleaved FDM (IFDM) in addition to cyclic shifts of ZC sequences. For example, in Fig-4, we show an IFDM consisting of two combs, where 8 antenna ports are multiplexed on one comb using different cyclic shifts n0,…,n7 of sequence X. The other comb can also be used to multiplex and transmit 8 more antenna ports. The sub-sampled structure of CSI-RS in frequency domain results in two repeated copies of the time-domain signal. The time-domain repeated copies can be potentially used by UE to measure CSI using two different Rx directions. 
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Figure-4
The number of combs used in IFDM and the number of ports multiplexed on each comb can be configured dynamically based on the usage scenario. If two OFDM symbols in a sub-frame are used for CSI-RS transmission a symbol wise OCC-2 spreading and appropriate power boosting can be applied for full power utilization. 
Proposal 8: Consider using Zadoff-Chu sequences as an option for NR CSI-RS.

Proposal 9: The CSI-RS of different antenna ports from same TRP can be multiplexed using different cyclic shifts of the same sequence and or interleaved FDM comb structure. 
Proposal 10: The OCC spreading code of length 2 and power boosting can be used to utilize full power, if more than one OFDM symbol (in a sub-frame) are used for CSI-RS transmission. 
3. Conclusion
To summarize, in this contribution we provided our views about the issues involved in designing the CSI-RS for NR MIMO. After detailed discussion of various aspects of CSI-RS design, we made the following proposals and observations:

Observation1: Analog beam forming component of a hybrid antenna architecture is a wide-band operation.

Proposal 1: Dedicated OFDM symbol or symbols are used for CSI-RS transmission.

Proposal 2: Number and the position (within sub-frame) of symbols and subcarriers used for CSI-RS transmission in a sub-frame can be configured dynamically.

Proposal 3: The number of non-precoded CSI-RS antenna ports is at least 32. Support of up to 64 antenna ports is FFS.

Proposal 4: Consider random PN QPSK sequences as an option for NR CSI-RS.

Proposal 5: Two consecutive RE forms a two port CSI-RS resource. Multiple two-port CSI-RS resources can be aggregated to support higher number of ports.

Proposal 6: Use OCC spreading code of length 2, 4 or 8 depending on the use case, for full power utilization.

Proposal 7: RE density per port per PRB is configurable to support multiple ports per OFDM symbol.

Proposal 8: Consider using Zadoff-Chu sequences as an option for NR CSI-RS.

Proposal 9: The CSI-RS of different antenna ports from same TRP can be multiplexed using different cyclic shifts of the same sequence and or interleaved FDM comb structure. 
Proposal 10: The OCC spreading code of length 2 and power boosting can be used to utilize full power, if more than one OFDM symbol (in a sub-frame) are used for CSI-RS transmission. 
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