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1	Introduction
RAN1 has sent LS [1] to RAN4 related to agreements on LS on CSI-RS patterns and densities. Additionally, RAN1 is asking RAN4:
To sum up, RAN1 has agreed that the support of CSI-RS resource(s) with 2-port with D=1 for beam management in Rel-15 is subject to RAN4 feedback. And, RAN1 is discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taken from {1, 2, 3, 4, 6}, and still waiting for RAN4 input. 
This LS is to ask RAN4 feedback on feasibility of 2-port ECP/NCP CSI-RS with D=1, and, in addition, feasible densities of 1-port ECP/NCP CSI-RS, for beam management purposes. 
ACTION: RAN1 respectfully asks RAN4 to provide input on feasibility of 2-port ECP/NCP CSI-RS with D=1, and feasible densities of 1-port ECP/NCP CSI-RS, for beam management purposes. 
In this paper, we discuss the aspects related to the question and provide a draft reply.

2	Discussion
To facilitate the reply to RAN1 we first evaluate the possible CSI-RS RSRP accuracy in different density options. Additionally, we also have a brief discussion on the different scenarios which leads to different requirements needs.

2.1	CSI-RS RSRP Absolute Accuracy vs. resource configuration
To understand what would be required CSI-RS resource configuration in terms of transmission bandwidth, frequency density, time domain presence and thereby the total number of actually available CSI-RS REs available for measurements, we investigate the achievable absolute CSI-RS RSRP accuracy using different CSI-RS densities with 1-port transmission. 
To do this, we simulate three different measurement bandwidths of 5, 10 and 20MHz with different RS densities. The CSI-RS density together with the number of PRBs defines the actual number of CSI-RS resource elements available to the UE for estimating the CSI-RS RSRP. Therefore, it can be expected that the CSI-RS densities, having different amount of CSI-RS REs, will directly impact the achievable CSI-RS RSRP measurement accuracy.

2.1.1	CSI-RS density (D)
The different CSI-RS densities are defined based on the number of CSI-RS resources configured per PRB and is likely to be configurable with RRC. Additionally, the CSI-RS bandwidth is configurable. Under discussion is also the use of time domain to increase the amount of CSI-RS RE available for measurements.
The exact CSI-RS RE mapping is still under discussion in RAN1. However, it has been agreed that if 2 ports are used for transmitting same CSI-RS these will be mapped to two neighboring REs. As an example, with 5MHz BW (25 PRBs) and with density 1 (Density = 1 RE/Port/PRB) the available number of REs for CSI-RS RSRP measurements is 25. Correspondingly, with 10MHz = 50RE and for 20 MHz = 100REs. 

2.1.2	Simulations
Simulations are run in an AWGN channel with carrier frequency of 4GHz. Both gNB and UE are assumed to have omni directional antenna patterns and RX diversity is used. The results are without CSI-RS resource power boost i.e. PSD of RE’s is not changed as a function of the density. 
First, to check the achievable RSRP absolute accuracy with different number of samples in case of 1 port CSI-RS resource configuration with density D=1 (1 RE/port/PRB). Each L1 sample is one symbol and sample period was set to be 40ms in this evaluation. Number of L1 samples per L1 measurement period depends on the L1 measurement period (e.g. 40ms – 400ms). Measurement bandwidth of 25 PRB bandwidth was used (~5MHz@15KHz). With D=1, one L1 sample would provide 25 REs for measurements.
[image: ]
[bookmark: _Ref494397985]Figure 1. RSRP Absolute accuracy with different number of samples with D=1.
Results are presented in Figure 1. From the figure, we observe that 2 dB RSRP absolute accuracy (+-4,5dB with 2,5 dB RF margin, corresponding to LTE) is achievable with at least 8 samples. Considering the amount required REs to achieve the accuracy, this would translate to 8*25 = 200 resource elements.   
Next, we simulated three different bandwidths with different RE densities ( D={1,2,3,4,6,12} ) per port per PRB. The density together with the number of PRBs defines the number of resource elements that can be used for estimating the CSI-RS RSRP and thereby the accuracy of the CSI-RS RSRP estimate.
The results are summarized in Figure 2. Figure 2 shows the achievable CSI-RS RSRP absolute accuracy using single shot measurements. From the figure, we can observe that to achieve a 2 dB absolute accuracy (+-4,5dB assuming 2,5 dB RF margin, corresponding to LTE) in 5MHz BW, CSI-RS density of 6 is not sufficient and density 12 is needed. For 10MHz a CSI-RS density of at least 3 is needed and for 20MHz a CSI-RS density of at least 2 is needed.
If we consider the accuracy requirement in number of REs needed to achieve for 2 dB absolute accuracy against the Density we can observe that following number of samples per PRB are required with different measurement bandwidths:  
· With 5 MHz BW, UE needs to obtain 12 samples
· With 10 MHz BW, UE needs to obtain 3 samples
· With 20 MHz BW, UE needs to obtain 2 samples 
If wider CSI-RS measurement BW was used it is likely that the accuracy requirements could be achieved with density=1.
Observation 1: Support at least following RE per port per PRB densities (in frequency domain): D={2, 3, 4, 6, 12}
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Figure 1:CSI-RS RSRP single shot absolute accuracy with different bandwidth and RS combinations

2.1.3	Power boosting
To further consider, one potential solution would be to use boosting for CSI-RS resource. In Figure 4 the simulation results show for D=1 (and for one port per PRB) the accuracy improvement due to boosting. I.e. the power of un-used RE’s is used for the allocated RE. The achievable accuracy is comparable to D=12 (12 RE/PRB density) with minor difference due to non-ideal RX processing. Although the results indicate clear improvement in absolute accuracy for D=1, it would require, that all the power in the given symbol is reserved for single CSI-RS resource/port. Hence the gain from the power boosting would be reduced, if higher number of resources/ports per PRB is used. The transmission power for single PRB is divided between the occupied REs and with more occupied REs, less additional power is allocated to REs of an individual port, hence boosting might not provide benefit in case of larger number of resources. 
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Figure 2: CSI-RS RSRP Absolute Accuracy in AWGN channel with D=1 with and without power boost.
Observation 2: Support also 1 RE per port per PRB densities (in frequency domain): D={1}

2.1.4	Time domain
Other alternative to increase the bandwidth or FD density required to achieve a certain measurement performance, could be considered based on the current RAN1 working assumption in beam management track is as follows:
Working assumption:
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

Hence, if working assumption is confirmed the density of CSI-RS resource/port could be substituted with an increased presence of CSI-RS REs in time domain by repeating the symbol (symbols) N -times to provide more resource elements for UE to measure. As a downside, increasing the density in time domain increases the total transmission time length per port which may be problematic when considering e.g. situation to where it would be preferable to confine the CSI-RS resources to limited time window. However, if transmission from different TRPs (all TRP’s transmit one CSI-RS resource at one symbol), the time domain repetition could be used to improve the attainable accuracy beyond the one that could be achieved by increasing FD density.

2.1.5	Feasibility of 2-port transmission
As 2-port transmissions are used for MIMO it seems reasonable also to support 2-port transmission with D=1 for CSI-RS.
Observation 3: It is feasible to support 2-port transmission with D=1 for CSI-RS

3	Conclusion
Based on the results and discussion we see benefits from having flexibility in the CSI-RS configuration such that the CSI-RS resources can be adapted according to the different deployment scenarios.
Related to the questions from RAN1 in the LS we propose:
Proposal 1: RAN4 sees it feasible to use 2-port ECP/NCP CSI-RS with D=1
Proposal 2: RAN4 sees it feasible to support higher densities (in frequency domain) at least for 1 port CSI-RS resource configurations. 
Proposal 3: RAN4 think Density value options should include at least 1, 2, 3, 4, 6 and 12 REs/port/PRB.
In [2] we have provided a draft LS to RAN1.
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