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1	Introduction
RAN4 AH meeting in San Diego was the first meeting discussing CSI-RS requirements in RAN4. One part of the discussions was related to CSI-RS based RRM requirements and the gain by using CSI-RS in the mobility [1].
In this paper we discuss some of the general parts of CSI-RS and in particular we look at the CSI-RS based mobility, why this feature is needed and why we need CSI-RS RRM requirements in Rel-15. 

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. This obviously meant that the January AH in San Diego was the first opportunity for RAN4 to CSI-RS related requirements – including CSI-RS RRM based requirements.

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 configuration for beam management will be configured for intra-cell beam management, and is essential for basic NR operations. I.e. these are intra-cell measurements. This is the case both in FR1 and FR2.
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 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 will effectively lead to the fact that only SSB based L3 mobility will be supported.
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.
Additionally, for a longer period there will be 2 distinct classes of devices in the field, which will need different handling concerning mobility – this could mean network may need to optimize the mobility and parameters accordingly (i.e. having multiple set of mobility settings for each device type).
Having two types of different devices some of which only support restricted mobility (i.e. only SSB based mobility without CSI-RS support) may have multiple unwanted side-effects. E.g. it could be very difficult to tune the mobility settings for the devices types such that optimal mobility can be achieved for both types. This could lead to non-optimized HO’s, increased interference, connection drop to mention some.
Observation 1: Not supporting CSI-RS RRM requirements in Rel-15 will create two distinct device types.
Observation 2: Network will need to cope with 2 distinct mobility capable type of devices for a long period.
Observation 3: Network will need to know each device types support or not of CSI-RS RRM which increases network complexity.
Observation 4: Having two different mobility models already in NR baseline will increase the overall system complexity.
Observation 5: It will likely be very difficult to optimize mobility for both types of devices.
Additionally, if Rel-15 does not support CSI-RS RRM for L3 mobility, this could mean the if the UE is operating on BWP not including the SSB, the UE will need gap assisted intra-frequency and serving cell SSB measurements. As serving cell has to be measured continuously (which is preferred also to be the case for intra-frequency measurements) being mandated to use gap assisted measurement continuously will likely impact the overall system performance. 
Observation 6: Continuously having serving cell gap assisted measurements active will have negative system impact.
Alternative to having BWP without SSB is to always use wide enough BW and BWP such that the BWP always will include the SSB. However, this may come at a cost of high UE power consumption due to always working in WB mode and this also reduces one of the reasons to introduce BWPs.
When discussing neighbor CSI-RS RRM for L3 mobility once concern raised in the Sa Diego AH was that it can be very complex and expensive on UE side to perform WB CSI-RS measurements from neighbors. Such concern would of course need further discussions during the requirements work. E.g. RAN4 could discuss using only limited BW for measuring CSI-RS from neighbors. 
Observation 7: UE measurement complexity would need to be accounted when defining the requirements for CSI-RS RRM.
It should also be mentioned that usually 3GPP has prioritized intra-frequency mobility over inter-frequency mobility. This is the case simply because in legacy it has been simpler to perform intra-frequency measurement on UE side when anyway having the receiver active for other receptions and transmission. One could think same priority applied in NR when it comes to CSI-RS. 
Observation 8: One option is to define CSI-RS RRM for intra-frequency only to lower the UE complexity.
[bookmark: _GoBack]Finally, it may be necessary to discuss the current RAN4 definition related to intra-frequency or inter-frequency measurements. The definition would have to account for the UE operating BWP and not the CSI-RS of the serving cell. 
Observation 9: RAN4 will need to discuss the intra-frequency/inter-frequency CSI-RS measurement definition to account for UE operating BWP.

2.2 Connected state Mobility
Mobility in connected mode between cells, is done by use of HO. As mentioned above there will be 3 different combinations of metrics which have been defined for L3 mobility. Removing CSI-RS RRM requirements and not supporting this in Rel-15 will essentially lead to that NR only support SSB based L3 mobility.
One example where such limitation will have negative impact will be in a multi-TRP environment.
In such environment the SSB beam covers the wider area while the narrower ‘data’ beam each covers a smaller area in order to optimize the data transmissions. If we consider a target cell as has wider SSB beam with more narrower data beam detected using CSI-RS, the difference between the two types of mobility (SSB-based only mobility and SSB-based + CSI-RS-based mobility) is best illustrated by an example:
1) SSB-based mobility without CSI-RS support:
Based on the continuous cell search and measurements, the UE will identify the new neighbor cell and start measuring SSBs of the cell. UE will measure and report e.g. RSRP of the cell. Such reporting could be event triggered e.g. once the neighbor cell SSB based RSRP gets better than the serving cell SSB based RSRP a measurement report is sent. Once the network receives the report it may handover the UE to the target cell. HO command can only include a given SSB based beam as target. It is not possible to include more refined data beam information in HO as UE has not measured nor reported such information to the network.
2) SSB-based with CSI-RS-based support:
Based on the continuous cell search and measurements, the UE will identify the new neighbor cell and start measuring the cell - initially only SSB based measurements. At some point the UE will measure CSI-RS in addition to the SSB. UE will measure and report e.g. SSB-RSRP and CSI-RS RSRP from the cell. Such reporting could be event triggered e.g. once the neighbor cell SSB or CSI-RS based RSRP gets better than the serving cell SSB or CSI-RS based RSRP. Once the network receives the report it may handover the UE to the target cell. HO command can include a given refined data beam (e.g. RACH association with CSI-RS based on reported CSI-RS results) as target. I.e. because the UE has reported CSI-RS measurement results in the report, network can HO the UE to a more refined data beam.
In option 1 the network is forced to either start the data transmission early based on the SSB beam which is not efficient and will increase the interference in the system, while in option 2 – where the HO is CSI-RS assisted – the network can HO the UE directly to the correct refined data beam. Such direct HO means that UE can be scheduled immediately after entering the target cell on the correct data beam which will lead to lowered interference.
Observation 10: Without support of CSI-RS RRM mobility in a multi-TRP environment will be compromised.
Observation 11: Not supporting CSI-RS RRM mobility will likely increase the interference in the system at least in a multi-TRP environment.
 
3	Conclusion
In this paper we discussed some of the general parts of CSI-RS and in particular we look at the CSI-RS based mobility. Based on the discussion we observe:
Observation 1: Not supporting CSI-RS RRM requirements in Rel-15 will create two distinct device types.
Observation 2: Network will need to cope with 2 distinct mobility capable type of devices for a long period.
Observation 3: Network will need to know each device types support or not of CSI-RS RRM which increases network complexity.
Observation 4: Having two different mobility models already in NR baseline will increase the overall system complexity.
Observation 5: It will likely be very difficult to optimize mobility for both types of devices.
Observation 6: Continuously having serving cell gap assisted measurements active will have negative system impact.
Observation 7: UE measurement complexity would need to be accounted when defining the requirements for CSI-RS RRM.
Observation 8: One option is to define CSI-RS RRM for intra-frequency only to lower the UE complexity.
Observation 9: RAN4 will need to discuss the intra-frequency/inter-frequency CSI-RS measurement definition to account for UE operating BWP.
Observation 10: Without support of CSI-RS RRM mobility in a multi-TRP environment will be compromised.
Observation 11: Not supporting CSI-RS RRM mobility will likely increase the interference in the system at least in a multi-TRP environment.
Based on the observation and the potential significant impact from not supporting CSI-RS RRM requirements in Rel-15 we propose:
Proposal: CSI-RS RRM requirements are defined in Rel-15.
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