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Introduction
During RAN#93 meeting, the CSI-RS configuration used to define requirements was discussed and the way forward has been agreed in [1]. As cited below, it is still open how many and what sets of CSI-RS configurations shall be considered.  In this contribution, we first review the CSI-RS based measurement configuration framework as agreed in RAN1 and RAN2, and then analyze the performance based on the simulation results and give the proposals in section 2. Finally, we concluded the paper in section 3.  
           · CSI-RS configurations (bandwidth of CSI-RS and density of CSI-RS resource) used to define requirements
· Define requirements at least for 1 set of configurations
· Option 1: 48PRBs and D = 1 
· Option 2: 48PRBs and D = 3 
· FFS whether to define requirements for additional configurations
· 48PRBs and D = 1 
· 48PRBs and D = 3 
· 96PRBs and D = 1 
· 96PRBs and D = 3 

Discussion
The functionality of CSI-RS based RRM measurements has been concluded in RAN1/2. According to [2], for one neighbor cell to be measured, a UE shall measure the CSI-RS resources within the configured bandwidth indicated by csi-rs-MeasurementBW and density, where the measurement bandwidth ranges from 24PRBs to 264PRBs, and the density is set to 1 or 3. In the reply LS to RAN2 [3], RAN1 further confirms that all the CSI-RS configurations are applicable for inter-cell mobility as cited below. It is expected to evaluate the performance for all the measurement configurations below. 
Question#1: What is the CSI-RS pattern and its variability in time when the CSI-RS is transmitted for the purpose of connected mode inter-cell mobility?
Response#1: In Rel-15, CSI-RS transmitted for the purpose of connected mode inter-cell mobility can be configured with a periodicity of 4, 5, 10, 20, 40 ms in time, located on one indicated symbol within the corresponding slots, spanning 24, 48, 96, 192, or 264 contiguous RBs in frequency, occupying 1 or 3 RE(s) per RB, while the exact position within an RB is also configurable. 

The CSI-RS based measurement performance has been evaluated in [4] under different combination sets of measurement bandwidths, density and the number of samples. From last meeting, it was agreed to define requirements at least for 48 PRBs while the CSI-RS density is FFS. As shown in Fig.1, the accuracy performance with density = 3 is better than that with density=1 because more REs are measured achieving better averaging. However, the larger density means more resources are required for CSI-RS transmission, which brings signaling overhead and degrades the system performance. It is proposed to take D = 1 in case 48PRB BW is configured as the worst case for defining the CSI-RS based measurement requirements.  
Proposal1: 48PRB and Density = 1 is applied for defining the CSI-RS based measurement requirements.  
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Figure 1 CSI-RS based measurement performance under 4GHz, 15kHz SCS, 48PRB 
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Figure 2 CSI-RS based measurement performance under 4GHz 15kHz SCS, 96PRB and 192PRB, D=1 
In addition, it was agreed to not define the requirements for CSI-RS with 24 PRBs BW and D=1. As for 24 PRBs BW and D=3, since comparable performance is achieved with 48 PRBs and D=1, the minimum requirements still apply and it is proposed not to define the requirements for 24 PRBs.
Proposal2: Do not define the measurement requirements for 24 PRBs.  
When a larger measurement bandwidth e.g. 96 PRBs is configured, the network is expecting a better performance than configuring a smaller bandwidth as more resources are consumed on transmitting the CSI-RS. Fig.2 shows the accuracy performance given 96 PRBs and 192 PRBs. It is observed that the accuracy is clearly improved when the bandwidth is increased from 48PRBs to 96PRBs and then to 192PRBs. Alternatively, a smaller number of samples can be applied in case of wider measurement bandwidth in order to achieve similar accuracy with 48PRB. In this sense, the network could potentially benefit from either the better accuracy performance or a shorter measurement delay by configuring the CSI-RS measurement over wider bandwidth. This helps the performance especially for the UE applications which require shorter delay and quick reaction. Therefore, it is useful to define the measurement requirements for all the candidate measurement bandwidths starting from 48PRBs, and different options can be considered.
Proposal3: Define additional CSI-RS measurement requirements for 96 PRBs, 192 PRBs and 264 PRBs.   
Proposal4: The measurement requirements for wider bandwidth can be defined with one of the options below: 
· Option1: Define better accuracy assuming same number of samples. 
· Option2: Keep accuracy requirements same assuming measuring in WB and samples.
[bookmark: _GoBack]As indicated in [5], the CSI-RS resources to be measured are allocated by the neighbor cells and informed to the serving cell via Xn procedures. While the UE is operating in the active bandwidth parts (BWPs) configured by the serving cell, the CSI-RS resources may be well contained in the active BWPs where intra-frequency measurements are expected. In this case, the UE shall apply the requirements corresponding to the configured measurement bandwidth as in Proposal3. If the configured measurement bandwidth is partially overlapping with the active BWPs, the UE may only measure the CSI-RS signals within the active BWP if gaps are not configured. As a result, the UE either adopts a degraded accuracy performance or it may apply a higher number of samples or measure more CSI-RSs if available in order to achieve comparable accuracy performance with the measurement over the originally configured bandwidth. How to decide the number of samples is for further discussion.     
Proposal5: The UE may apply the measurement requirement as one of the options, if the configured measurement bandwidth is partially overlapping with the active BWPs:
· Option1: Define reduced accuracy requirements assuming available CSI-RS resources within the active BWP.
· Option2: Keep accuracy requirement assuming longer measurement evaluation time (i.e. increased measurement samples).
· Option3: Keep same accuracy but UE has to measure more often (if possible - hence if RS is available)
Conclusion
This contribution discussed how to define the requirements for different CSI-RS measurement bandwidths. The proposals are summarized as below: 
Proposal1: 48PRB and Density = 1 is applied for defining the CSI-RS based measurement requirements.  
Proposal2: Do not define the measurement requirements for 24 PRBs. 
Proposal3: Define additional CSI-RS measurement requirements for 96 PRBs, 192 PRBs and 264 PRBs.   
Proposal4: The measurement requirements for wider bandwidth can be defined with one of the options below: 
· Option1: Define better accuracy assuming same number of samples. 
· Option2: Keep accuracy requirements same assuming measuring in WB and samples.
Proposal5: The UE may apply the measurement requirement as one of the options, if the configured measurement bandwidth is partially overlapping with the active BWPs:
· Option1: Define reduced accuracy requirements assuming available CSI-RS resources within the active BWP.
· Option2: Keep accuracy requirement assuming longer measurement evaluation time (i.e. increased measurement samples).
· Option3: Keep same accuracy but UE has to measure more often (if possible - hence if RS is available)
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Number of samples SINR 5% 50% 95% abs acc Number of samples SINR 5% 50% 95% abs acc

1 -6 -2.74 1.09 3.36 3.36 1 -6 -1.49 0.67 2.21 2.21

3 -6 -1.56 0.56 2.11 2.11 3 -6 -1.02 0.38 1.4 1.4

5 -6 -1.2 0.42 1.65 1.65 5 -6 -0.72 0.3 1.13 1.13

10 -6 -0.87 0.23 1.19 1.19 10 -6 -0.46 0.2 0.84 0.84
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1 -6 -1.66 0.82 2.64 2.64 1 -6 -1.49 0.56 1.91 1.91

3 -6 -1.05 0.45 1.62 1.62 3 -6 -0.84 0.3 1.16 1.16

5 -6 -0.81 0.35 1.27 1.27 5 -6 -0.67 0.22 0.92 0.92

10 -6 -0.52 0.25 0.91 0.91 10 -6 -0.43 0.12 0.68 0.68
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