
3GPP TSG RAN WG1 Meeting #88

R1-1703390
Athens, Greece, 13th - 17th February 2017
Source:
vivo
Title:
On CSI-RS design for NR
Agenda Item:
8.1.2.4.1
Document for:
Discussion and Decision
1. Introduction
In RAN1 NR Adhoc meeting [1], the following agreements were achieved on CSI-RS design principle:
· The CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of equal or smaller number of ports, [e.g., 2, 4, or 8]

· A CSI-RS RE mapping  pattern is defined within a (sub-)time unit
· FFS: A CSI-RS RE mapping  pattern can span multiple configurable consecutive/non-consecutive OFDM symbols 

· FFS on mapping of ports to the CSI-RS RE mapping pattern

· Density per port in terms of RE per port per PRB is configurable supports for density greater than 1 is not precluded

And the following way forward on CSI-RS or beam management was also agreed:
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:

· Opt1. IFDMA

· Opt2. Larger subcarrier spacing

· Other solutions are not precluded

· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.

· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.

· Note that it does not imply prioritizing different aspects in CSI-RS design

In this contribution, we provide a unified CSI-RS design for both beam management and CSI acquisition.
2. Unified CSI-RS Design and Configuration
There is the probability for a unified CSI-RS design and configuration for both beam management and CSI acquisition. First of all, as CSI-RS design has been agreed to support both functions, the unity is our goal to achieve. Secondly, the decoupling principle of CSI-RS transmission and CSI feedback has been founded, i.e., the feedback manner for beam selection results and CSI can be configured separately from the configuration of a parameter set for CSI-RS transmission. Thirdly, it is good to simplify the specification in CSI-RS with one configurable parameter set rather than separately definitions.
Proposal 1: Strive for a unified CSI-RS design and configuration for both beam management and CSI acquisition.
2.1. Comb-pattern based CSI-RS

The two functions of the CSI-RS may have some common or different design requirements. In the following, the commonality and difference in CSI-RS requirement and design are discussed.
· CSI-RS for beam management

The CSI-RS for beam management, transmitted with multiple repetitions in time scale, is time-consuming and resource consuming to go through all candidate Tx and/or Rx analog beams when the number of analog beams is very large. Therefore, it is desired that the CSI-RS is able to accomplish fast and efficient beam training.
The comb-based resource mapping approach, i.e., IFDMA, is able to keep the numerology of OFDM symbol with CSI-RS same as that of the data OFDM symbols (Figure 1). Consequently mapping the CSI-RS sequence to one RE every K subcarriers generates K repetitions in time domain within one OFDM symbol. Each CSI-RS repetition can be transmitted on different or same Tx analog beams and can be received by different or same Rx analog beams depending on the undergoing beam training procedure. An illustration of CSI-RS repetitions transmitted on different Tx analog beams is depicted in Figure 2. In Figure 3, the received signal of the two CSI-RS repetitions within one OFDM symbol varies due to the different Tx analog beams. Generally, the frequency density of CSI-RS RE, i.e., value of K, depends on the channel delay spread, analog beam switching gap, CSI-RS coverage, etc.
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Figure 1: Comb-pattern based CSI-RS with K=2

Multiple CSI-RS ports can be multiplexed in the IFDMA way as shown in Figure 1, each of which can also be associated with different beams, e.g., transmitted from different panels or from different TRPs. The detection of CSI-RS of each repetition for beam management can be performed in time domain or frequency domain which has been transformed from the signal abstraction of each repetition window. However, the RS sequences of the IFDMA-based multiplexed CSI-RS ports should be different if time domain detection is performed. 
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Figure 2: Illustration of two RS repetitions within one OFDM symbol transmitted on different Tx analog beams
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Figure 3: Illustration of received signal of the two RS repetitions within one OFDM symbol
The number of CSI-RS ports for beam management can be even further extended by adding more OFDM symbols for CSI-RS with or without CDM. An illustration of two consecutive OFDM symbols with OCC 2 is depicted in Figure 4 a). In this case, since two REs of one CSI-RS port in the two consecutive OFDM symbols are covered with an OCC, the corresponding repetitions in the two OFDM symbols should be transmitted on identical Tx analog beam and received on identical Rx beam. It seems hard to perform time-domain CSI-RS detection for this CDM-based extension.
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a) K=2 for beam management                                   b) K=12 for CSI acquisition
Figure 4: Comb-pattern based CSI-RS in two consecutive OFDM symbols with OCC 2
· CSI-RS for CSI acquisition

Similar pattern design can be applied to CSI-RS for CSI acquisition as well but probably with different parameters. As current LTE, the frequency density of CSI-RS ports for CSI acquisition can be equal to or less than one RE/port/PRB. The frequency density can be sparse to save the overhead. And the number of CSI-RS ports is X, where X are at least 1, 2, 4, 8, 12, 16, [24], 32. CSI-RS ports can be multiplexed in FDM and/or CDM ways. An example of CSI-RS pattern by setting K=12 for CSI acquisition is shown in Figure 4 b).

According to the above discussion, the unified CSI-RS design can be achieved by IFDMA-based CSI-RS pattern with configurable parameters without changing numerology. We have the following proposals:

Proposal 2: IFDMA-based CSI-RS pattern can be used for unified CSI-RS design for both beam management and CSI acquisition.
2.2. Configurable parameters for CSI-RS
The UE-specific CSI-RS can be transmitted in the semi-persistent and periodic, or triggered aperiodic way. Whatever the CSI-RS is for beam management or CSI acquisition, the following parameters should be configured for CSI-RS transmission:
· Time instant to transmit the (sub-) time unit with CSI-RS

It is related to the periods of periodic CSI-RS or semi-persistent CSI-RS, triggering signaling and the gap between the triggering signaling and the CSI-RS transmission instant of the (sub-) time unit.

· CSI-RS pattern within the PRB, including

· CSI-RS port number

· CSI-RS RE position in both time domain and frequency domain with a (sub-) time unit

· OCC for each CSI-RS port

· RS sequence

The RS sequence should be chosen considering not only for CSI acquisition, but also easy to identify the beam. The sequence with good auto-correlation and cross-correlation property is desired.

What’s more, for beam management, the number of repeated OFDM symbols with CSI-RS, N, should be signaled if one OFDM symbol is not sufficient to transmit all CSI-RS used for beam training.
Proposal 3: Configurable CSI-RS parameters may consist the following:

· Transmission time instant

· Related to period, triggering signaling and the gap between the triggering signaling and the CSI-RS transmission

· CSI-RS pattern

· May include CSI-RS port number, CSI-RS RE density in both time domain and frequency domain, OCC, etc.

· Number of CSI-RS OFDM symbol repetitions, etc.
2.3. Difference between the two CSI-RS functions
The potential differences between the CSI-RS for beam management and CSI acquisition are summarized in Table 1.

Table 1: Possible differences between the CSI-RS of two functions

	
	For beam management
	For CSI acquisition

	Number of CSI-RS ports
	X≤K, where 1/K is the frequency density
Number of beams pairs can be trained: NK, where N is the number of repeated OFDM symbols with CSI-RS
	X=1, 2, 4, 8, 12, 16, [24], 32 (>32 FFS)

	Frequency density

(12 subcarriers per PRB)
	Possible value: K=1, 2, 3, … , 12 
	Possible value: K=12, or >12 FFS

	Data transmission within the OFDM symbol with CSI-RS
	No
	Yes

	Detection
	Time domain or frequency domain to select the best beam pairs according to e.g., RSRP
	Frequency domain to estimate the CSI

	Tx or Rx beam for CSI-RS symbols
	Same or different for each repetition within one OFDM symbol
	Same within one OFDM symbol

	Configurable parameters
	Transmission time instant

Pattern indication

Number of repeated OFDM symbols with CSI-RS
	Transmission time instant

Pattern indication


3. Conclusion

In this contribution, we discussed the possibility and implementation of a unified CSI-RS design for both beam management and CSI acquisition. We have the following proposals:
Proposal 1: Strive for a unified CSI-RS design and configuration for both beam management and CSI acquisition.

Proposal 2: IFDMA-based CSI-RS pattern can be used for unified CSI-RS design for both beam management and CSI acquisition.

Proposal 3: Configurable CSI-RS parameters may consist the following:

· Transmission time instant

· Related to period, triggering signaling and the gap between the triggering signaling and the CSI-RS transmission

· CSI-RS pattern

· May include CSI-RS port number, CSI-RS RE density in both time domain and frequency domain, OCC, etc.

· Number of CSI-RS OFDM symbol repetitions, etc.
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