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1	Introduction
RAN4 continued the discussing related to CSI-RS requirements in the RAN4 Busan. One part of the discussions was related to CSI-RS based RRM requirements and using CSI-RS in the mobility [1].
In this paper we continue to discuss some of the general parts of CSI-RS for L3 mobility and in particular we look at the CSI-RS based mobility.

2	Discussion
It was decided in plenary, that RAN4 initially (until December 2017) should focus the requirements work on non-stand-alone – EN-DC. RAN4 should then, as the rest of the RAN WGs, start the work also on standalone requirements from January 2018. Plenary once again discussed the RAN4 related priorities related to CSI-RS UE requirements in RAN#79. Following was agreed:
· CSI-RS-based RRM
· RP-180591 endorsed: 
· Priority 1: SSB based RLM/RRM  
· Priority 2: CSI-RS based RLM, CSI-RS based beam management requirements 
· Priority 3: CSI-RS based RSRP, RSRQ, and RS-SINR measurement (RAN4 will first target completion of priority 1 and 2 before June 2008.)
Although CSI-RS based RSRP, RSRQ and RS-SINR measurements for L3 mobility has 3rd priority, and there is still work to be done for the other items, it was agreed in Busan in chairman’s minutes to study some basic scenarios of the feature:
Agreement
Further study the following scenarios:
· Scenario#1: RAN4 at least define CSI-RS based RRM measurement requirements (measurement delay, report delay, measurement accuracy) for the intra-frequency gapless synchronous scenario in FR1 wherein the associated SSB is configured.
· Try to address the concern of chipset vendors on the multiple FFT
· Scenario#2: RAN4 at least define CSI-RS based RRM measurement requirements (measurement delay, report delay, measurement accuracy) for the intra-frequency gapless synchronous scenario in FR1 wherein the associated SSB is not configured.
· Try to address the concern of operators on the deployement limitation, e.g., synchronization.

2.1	General
There will be a number of different CSI-RS configurations in NR. Important for the discussion here will be the CSI-RS configured for beam management and CSI-RS configured for CSI-RS L3 mobility. CSI-RS may be used for:
· time/frequency tracking
· CSI computation
· L1-RSRP computation
· mobility
CSI-RS for L3 mobility will be configured such that the measurements and results can be used for mobility between cells. I.e. these measurements are both intra-cell measurements (serving cell) and inter-cell measurements (neighbor cells). The current scope is limited to intra-frequency synchronous case only.
2.2	CSI-RS for L3 Mobility
When it comes to L3 mobility this can be based on 3 combinations of reference signals:
· SSB based mobility
· SSB + CSI-RS based mobility
· CSI-RS based mobility
Focus is on the SSB+CSI-RS case as well as the CSI-RS based L3 mobility. SSB based mobility is already covered elsewhere.
Assuming synchronized deployment it seems reasonable to assume that the useServingCellTimingForSync indication most likely would be true. I.e. when looking at the conditions under which RAN4 is carrying out the study, it seems reasonable to assume that the CSI-RS L3 requirements would apply assuming useServingCellTimingForSync is enables on carrier.
Proposal 1:
In last meeting in Montreal, RAN4 endorsed [4] concerning UE measurement restriction related to CSI-RS and SSB simultaneous measurements. This aspect was also discussed related to the CSI-RS L3 measurements in Montreal in [5]. The rule as agreed in [4] is generic for CSI-RS measurements and can be applied for CSI-RS measurements for L3 mobility as well if CSI-RS and SSB are transmitted simultaneously. 

2.3	Connected mode Mobility
As discussed in earlier meetings, one drawback of not having CSI-RS based measurements and mobility is a possible increased delay in the handover and prolonged HO interrupt. Additionally, it may lead to inefficient data transmissions after HO until the UE and network has refined possible data beams.

2.3.1	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.
Simulations were 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. 
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 1. The results show the achievable CSI-RS RSRP absolute accuracy using a single shot measurement.
[image: ]
[bookmark: _Ref510722695]Figure 1 CSI-RS RSRP single shot absolute accuracy with different bandwidth and RS combinations.
We can observe that the achievable CSI-RS RSRP absolute accuracy using single shot measurements with density 3 and 5MHz BW is +-2.8dB (plus RF impairment).
Increasing either density  or increase measurements in time domain would help limiting the needed measurement BW.
By increasing the CSI-RS density beyond 3 would help reducing the UE measurement BW.
As can also be observed from the results is that under the conditions of having a wideband CSI-RS configured, it is possible to achieve a reasonable measurement accuracy using e.g. 20MHz BW.
By increasing the CSI-RS measurement BW it is possible to achieve reasonable accuracy using density 1.
Define intra-frequency CSI-RS based measurements accuracies for L3 mobility including all densities.

2.3.2	CSI-RS based RSRP measurement L3 requirements
CSI-RS measurement when used for L3 mobility will have different purpose than if the CSI-RS measurements are used for beam management. When the CSI-RS measurements are used for L3 mobility, the measurements wold have a similar purpose as SSB-based RRM measurement. Therefore, the CSI-RS measurement requirements should be based on similar baseline philosophy as is agreed for SSB-based RRM measurements.
For CSI-RS based L3 measurements a similar time domain filtering as used for SSB based measurements should be applied in order to ensure the measurement accuracy.
Different from the SSB based measurement is that the CSI-RS is UE specifically configured reference signals and not broadcast signals. Additionally, it is assumed that the UE is not expected to measure outside its active BWP. Therefore, it seems reasonable to assume that UE can measure the CSI-RS for L3 mobility at least when the UE is active according to DRX.
Based on this we propose that the CSI-RS measurement period could be agnostic to the DRX and defined could be defined as:
Table 9.5.1.x-1: Measurement period for intra-frequency CSI-RS measurements (Frequency FR1)
	DRX cycle
	T CSI-RS_measurement_period  

	No DRX
	Max[200ms, 5 x CSI-RS period ]Note 1

	DRX
	Max[200ms, 5 x CSI-RS period ]Note 1

	Note 1: CSI-RS period is given by the CSI-RS configuration.


 
In [REF] we have provided a draft CR capturing the proposed requirement.

3	Conclusion
In this paper we continue to discuss some of the general parts of CSI-RS for L3 mobility and in particular we look at the CSI-RS based mobility and we make following observations:
1. Define intra-frequency CSI-RS based measurements accuracies for L3 mobility including all densities.
In [REF] we have provided a draft CR capturing the proposed requirement.
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