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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 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 configuration 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).
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
By not specifying the CSI-RS related RRM requirements L3 mobility will only be based on SSB measurements. By not supporting CSI-RS based RRM requirements and mobility in Rel-15 would essentially mean that the network would need to distinguish devices in field in the future. Network would need to be able to know which devices do support CSI-RS RRM and CSI-RS aided L3 mobility and which devices do not support this. This will increase the network complexity. In [3] we observed:
Not supporting CSI-RS RRM requirements in Rel-15 will create two distinct device types.
Having two different mobility models already in NR baseline will increase the overall system complexity.
Support of CSI-RS RRM for L3 mobility, would mean the if the UE is operating on BWP not including the SSB, the UE would not need gap assisted intra-frequency and serving cell measurements. This has significant benefits on system level as the UE is not expected to receive and transmit during gaps. Continuously gap assisted measurement active will have negative impact the overall system performance.
Continuously gap assisted measurement active will have negative impact the overall system performance.
A similar impact will be seen if network is BWPs without SSB.

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.
One concern that has been raised is the UE complexity, e.g. on a need for multiple FFTs,  and another is UE measurement and the potential large measurement bandwidth. Next, we look at some results presented and discussed also earlier in RAN4 [2]

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.
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[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 (as recommended by RAN4) or increase measurements in time domain could help limiting the needed measurement BW.
By increasing the CSI-RS density beyond 3 would help reducing the UE measurement BW.

2.3.2	CSI-RS based RSRP measurement restrictions
In the Busan agreements it was agreed to study two cases of intra-frequency gap-less CSI-RS RRM measurements in FR1 where:
· Associated SSB is configured
· Associated SSB is not configured
In the former section we outlined the one-shot CSI-RS RSRP measurement accuracy achievable as function of the CSI-RS BW and density.
If focusing only on FR1 and assuming intra-frequency it is safe to assume that omni-directional reception at UE side. I.e. there is no need to consider UE Rx beam forming – and similar assumption is used for SSB based measurements in FR1.
Assuming that the CSI-RS and data (PDCCH and PDSCH) is using same SCS there should not be any reason why the UE would not be able to measure the CSI-RS while receiving data – and neither when not receiving data.
UE can measure CSI-RS for L3 mobility without restrictions if CSI-RS and data have same SCS.
I.e. when the CSI-RS is measured in FR1 in BWP without SSB there are no UE measurement restrictions assuming CSI-RS and PDCCH/PDSCH have same SCS. 
If the CSI-RS is multiplexed with the SSB we assume that RAN4 need to discuss more detailed regarding the UE capability to measure CSI-RS and SSB simultaneously – either in FDM or TDM manner within the SMTC. Looking at the UE scheduling availability when performing intra-frequency SSB-based measurement, we believe following restriction applies for CSI-RS based measurements:
· If CSI-RS and SSB is FDM’ed (same SCS) our view is that there should be no measurement restrictions on UE side.
· If CSI-RS and SSB is TDM’ed (same SCS) our view is that there should be no measurement restrictions on UE side.
· If CSI-RS and SSB is FDM’ed (different SCS) the UE measurement capability would depend on the whether the UE supports simultaneousRxDataSSB-DiffNumerology.
· If the UE supports simultaneousRxDataSSB-DiffNumerology there should be no measurement restrictions on UE side assuming useServingCellTimingForSync is enabled.
· If the UE does not support simultaneousRxDataSSB-DiffNumerology The UE would not support FDM’ed SSB and CSI-RS measurements, 
· If TDM’ed SSB and CSI-RS measurements would be supported (potentially with similar restrictions in the TDM pattern as assumed for scheduling availability and SSB based measurements) assuming useServingCellTimingForSync is enabled.

The UE can measure FDM’ed and TDM’ed CSI-RS and SSB based measurements, depending on the UE support of simultaneousRxDataSSB-DiffNumerology.
Above applies dependent on the measurement capability on the UE side. It is assumed that UE will not be required to measure outside its active BWP. However, as the CSI-RS configuration is BWP dependent, all CSI-RS resource element is always within the active BWP.
Define intra-frequency CSI-RS based measurements for L3 mobility including CSI-RS measurement restrictions depending on UE capability.
For FR2 further analysis would be needed.

3	Conclusion
In this paper we continued the discussion on some of the CSI-RS based mobility, and why this feature adds system benefits. Additionally, we present simulation results related to the potential measurement accuracy vs CSI-RS density. Based on the discussion we make following observations:
1. Not supporting CSI-RS RRM requirements in Rel-15 will create two distinct device types.
Having two different mobility models already in NR baseline will increase the overall system complexity.
Continuously gap assisted measurement active will have negative impact the overall system performance.
By increasing the CSI-RS density beyond 3 would help reducing the UE measurement BW.
UE can measure CSI-RS for L3 mobility without restrictions if CSI-RS and data have same SCS.
The UE can measure FDM’ed and TDM’ed CSI-RS and SSB based measurements, depending on the UE support of simultaneousRxDataSSB-DiffNumerology.
And we propose:
Define intra-frequency CSI-RS based measurements for L3 mobility including CSI-RS measurement restrictions depending on UE capability.
For FR2 further analysis would be needed.
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