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1. Introduction

According to RAN plenary decision in RP#77 [1], RAN4 should complete CSI-RS based RRM/RLM requirement aiming Jun 2018:
	RRM/RLM

· Aiming December 2017 completion:

· SS Block based RRM/RLMGap pattern design should be forwared compabible to CSI-RS based measurement


· Aiming June 2018 completion:

· CSI-RS based RRM/RLM




In last RAN4 AH-1801 companies had different views on the scope of CSI-RS based RRM/RLM requirement. Considering the limited timeline, it is necessary to have clear idea on the scope of CSI-RS RRM/RLM in Rel-15 before we go to the detailed requirement.
Although the justification work on CSI-RS functionality has been and shall be done in other groups, e.g. RAN1/2 and even RP, it seems we still need to elaborate a bit more on the necessity from RRM perspective. In this contribution we provide analysis on the necessity of CSI-RS based RRM measurement and RLM requirements. After discussion, a scope of CSI-RS based RRM requirements in Rel-15 is provided.
2. Discussion
For information, it has been determined in RAN plenary #78 [2] that the following aspects should be considered in determining the optional or mandatory of a feature:
	“The “Initial access-related” and “Forwards compatibility” related issues seem to be clear reasons to make functionality or parameter configurations mandatory in 3GPP specifications.”
1) Initial Access-related: If X is not supported, then initial access may have interoperability issues on day 1

2) Forward compatibility-related: If X is not supported then, even though it is not a problem on day 1, it may not be feasible to operate X later on due to legacy devices not supporting X, causing:


a) lack of compatibility between initial and later deployment configurations, or 


b) severe system level performance degradation or restriction in later deployment configurations 
(i.e. the gains expected from X cannot be achieved due to lack of legacy device support)


In the rest of this section, we list several scenarios to demonstrate the necessity of CSI-RS based RRM functionalities and corresponding requirements, to avoid aforementioned “Initial Access-related” and “Forward compatibility-related” issues.
· Bandwidth part without SSB
According to RAN1 design, BWP without SSB can be configured by network to UE. In this case, CSI-RS must be configured for RRM measurement and RLM. One may argue that network can also transmit SSB in this BWP. Actually it would be very inefficient for network to broadcast cell specific SSB on every BWP in wideband system. RE overhead would be heavy and BS would has to perform SSB beam sweeping on every BWP which might potentially degrade the system throughput. 
· SCC without SSB

In carrier aggregation scenario it is possible that SSB is not transmitted in SCC considering the RE overhead and less flexibility. In this case, CSI-RS would be the only choice for RLM and RRM measurement, e.g. SCell addition/release, activation/deactivation and measurement on deactivated SCell. Otherwise “initial access may have interoperability issues on day 1”.
Observation 1: it is possible that UE is configured with BWP or SCC without SSB. In these scenarios, CSI-RS is the only choice for RRM measurement and RLM.
Even when there is SSB transmitted, CSI-RS still can be more flexible than SSB for UE in connected mode, in terms of e.g.
1) Bandwidth and density
BW of CSI-RS is per-UE configured by network. Larger BW CSI-RS can bring faster and more accurate measurement if UE is now working in large BW. While small BW CSI-RS measurement can save power. NR supports BW size of {24, 48, 96, 192, 268} PRBs in CSI-RS numerology. Frequency domain density for the 1-port CSI-RS with density {1, 3} can be used for mobility purpose CSI-RS measurement. Network can flexibly configure CSI-RS measurement BW and density according to different situations.
2) Periodicity and offset
Multiple CSI-RS periodicities and offsets are supported. One may argue that SSB also supports multiple periodicities and offsets. However, CSI-RS is per UE configured while SSB is cell specific configured. Network can configured CSI-RS with different periodicities and offsets for different UEs. This, in turns, can balance the traffic in time domain compared with SSB based measurement.
3) numerology
Numerology for CSI-RS was agreed in RAN1: {15, 30, 60} for sub6GHz and {60, 120, 240} for over6GHz. As was widely discussed in previous RAN4 meetings, quite a lot of UEs cannot support simultaneous reception of data and SSB with different numerologies. These UEs require gap to perform SSB based measurement. However, CSI-RS can be configured with the same numerology as data, especially for 60KHz SCS which cannot supported by SSB. Thus measurement gap can be avoid and higher throughput can be expected.
4) RLM

RAN1 had agreement that UE is not expected to perform RLM outside the active BWP. Thus CSI-RS would be the only choice for RLM if there is no SSB transmitted in active BWP.
5) Beam differentiation in NR cell deployments with SFN transmission of SSBs
Considering SFN scenario, where different TRPs share the same physical cell ID, UE cannot be able to differentiate SSBs transmitted from different TRPs. Network may have problem in determining the TRP and resource for data transmission to the UE in SSB based handover. However, if CSI-RS based handover is supported, network can immediately configure UE-specific TRP for data transmission based on CSI-RS based RRM measurement results that triggered handover, since such a configured CSI-RS can be associated with dedicated PRACH preambles.
6) Coverage
Cell-specific SSB beams are intrinsically quite wide to cover the whole NR Cell. Measurement based on SSB may not always be able to reflect the channel quality of the narrow beam carrying user data. Thus relying on detected SSB direction to transmit Msg2 in contention-free HO RACH procedure can be quite inefficient and may cause HO failure and trigger RACH procedure repetition. This, in turns, can result in a severe system level performance degradation especially in large NR Cells supporting potentially thousands of UEs. To avoid this problem in contention-free RACH procedure for HO, Msg2 should be sent based on a narrow UE-specific CSI-RS beam direction. One may argue that the association between Msg2 in contention-free HO RACH and UE-specific CSI-RS may not be an essential feature in an early stage deployment of NR. However, we believe that such an association should be supported from Rel. 15 to avoid lack of compatibility between initial and later deployment configurations. Besides, it is possible that UE can directly perform CSI-RS RRM measurement for mobility purpose without measuring target SSB as agreed in RAN1 2018 ad-hoc #1:
	Agreement from RAN1 2018 Ad-hoc #1:

· If associated SSB is configured:

· UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the Cell_ID of the CSI-RS resource configuration.

· Additionally, if the associated SS/PBCH block is configured, the higher layer parameter qcled-SSB further indicates whether or not the associated SS/PBCH block and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].

· If associated SSB is not configured:

· UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected.

· UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.


Thus it could be possible for network to achieve different coverage via narrow CSI-RS beam.
Observation 2: Even when there is SSB transmitted, CSI-RS could still be more flexible than SSB for UE in connected mode for the purposes of RRM measurement and RLM.
With these advantages, we do see the necessity to support CSI-RS based RRM and RLM functionalities. To support these functionalities, corresponding RRM requirements need to be defined. For example, RLM, without Qin/Qout evaluation period and thresholds, the functionality goes nowhere. Also for RRM measurement, measurement period and accuracy need to be defined not only for beam management, but also for SCell management. Even for beam management, the measurement period and reporting timeline might be defined in RAN1, we believe related RAN4 evaluation is still needed otherwise the accuracy of reported measurement result cannot be guaranteed.
Observation 3: CSI-RS based RRM measurement and RLM requirements are necessary.
According to above discussion, functionalities of CSI-RS based RRM measurement and RLM are critical. And corresponding RRM requirements need to be defined. Regarding the detailed scope, first we’d like to highlight some high level principles:
· Keep the reasonable RAN4 workload to make sure timely completion of the whole RRM requirements
· Take into account the acceptable UE complexity
· Focus on the most useful scenarios first:
· BWP w/o SSB, SCC w/o SSB and etc.
With these principles, we propose to define the following requirements:

1) UE measurement capability regarding CSI-RS based RRM measurement

RAN4 agreed to define UE measurement capability for SSB based measurement, in terms of number of carriers, cells and beams to monitor. As for CSI-RS based RRM measurement, it also has impact on UE implementation and performance such as e.g. measurement period, reporting and cell search delay. For instance, UE is configured with NSSB inter-frequency SSB based measurements and NCSI inter-frequency CSI-RS based measurement with both in FR1. According to current gap design, measurements gaps need to be shared for SSB based and CSI-RS based measurement. The total number N = NSSB + NCSI shall be used as the scaling factor in cell search delay and measurement period requirements. In order to avoid further increased UE complexity, CSI-RS based RRM measurement should also be covered by the existing measurement capability requirement of total number of carriers and cells to monitor, e.g 7 carriers and 8 intra frequency cells agreed in previous RAN4 meeting shall cover both SSB based and CSI-RS based measurement.
2) Radio link monitoring
Same framework as SSB can be expected, e.g. Qin/Qout evaluation period, TX parameters and etc.
3) CSI-RS based RRM measurement 
Requirement may consist of measurement period, reporting delay and measurement accuracy. In Rel-15 RAN4 shall at least focus on CSI-RS based RRM measurement to support CSI-RS based beam management, CA management and mobility at least for intra-frequency scenario.
Proposal 1: At least the following requirement should be defined in Rel-15

· UE measurement capability regarding CSI-RS based RRM measurement

· Radio link monitoring (including beam failure recovery) 

· CSI-RS based RRM measurement to support CSI-RS based beam management, mobility, CA management
3. Conclusions
In this contribution we provide discussion on necessity of CSI-RS based RRM measurement and RLM functionalities and corresponding RRM requirement. After discussion the following observations and a scope of CSI-RS RRM requirement are provided:
Observation 1: it is possible that UE is configured with BWP or SCC without SSB. In these scenarios, CSI-RS is the only choice for RRM measurement and RLM.
Observation 2: Even when there is SSB transmitted, CSI-RS could still be more flexible than SSB for UE in connected mode for the purposes of RRM measurement and RLM.
Observation 3: CSI-RS based RRM measurement and RLM requirements are necessary.
Proposal 1: At least the following requirement should be defined in Rel-15
· UE measurement capability regarding CSI-RS based RRM measurement

· Radio link monitoring (including beam failure recovery) 

· CSI-RS based RRM measurement to support CSI-RS based beam management, mobility, CA management
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