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Introduction
During RAN1 NR AdHoc, the following agreements were made for DL based mobility procedure.
Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded
Agreement:
· RSRP(s) can be measured from the IDLE mode RS. 
· One RSRP value is measured from the IDLE mode RS per SS block.
· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set
· The measured values are referred to “SS-block-RSRP”
· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS
· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility
Agreement: 
· The additional RS for mobility if defined can be transmitted on multiple beams.

In this contribution, we further provide our view on this area.

Mobility Measurements per RRC State
Mobility measurements (regardless of RRC state) need to be based on synchronization signals, measurement signals (can be same as synchronization signals as well) and broadcast channel to provide the campable cell info. As discussed in [2], we assume the use of SS block design as shown in Figure 1. It should be noted that the number of tones are twice the LTE (four time bandwidth compared to LTE for sub-6GHz, i.e. 4.32MHz but it is still relatively narrowband compared to the entire NR carrier. In order to provide reasonable latency for initial access compared to LTE as shown in [3], the sync periodicity cannot be worse than LTE. Considering that the required sync periodicity should be the similar order as for LTE, we expect the same signals can be used for Idle, RRC Connected inactive and active states at least for cell detection/measurements perspective.



[bookmark: _Ref471398764]Figure 1: Unified NR synchronization signal block design

One major difference compared to LTE is the absence of always-ON CRS in NR. Therefore, there should be corresponding measurement signals in NR to provide RSRP/RSRQ type of information. Our proposal is to use SSS as demod phase reference for PBCH decoding, therefore, we propose that cell-specific RRM measurements can be also based on SSS instead of introducing additional signals. This should be common for both serving and neighboring cells. In this way, the UE searcher only needs to monitor the narrowband SS block signals regardless of RRC states.
Proposal 1: In Idle/RRC connected inactive/RRC connected active states, cell detection and measurements are based on cell-specific PSS and SSS for both the serving cell and neighboring cells.
For multi-beam deployment in NR, beam detection and measurements in Idle and RRC connected inactive states are based on NR-synchronization signals. For RRC connected active state, however, beam detection and measurements may require measurement reference signals especially when the periodicity of NR-SS is low. This may be the case in certain mobility scenarios (user speed). As proposed in [2], beam-specific measurement reference signals (MRS) can be transmitted and is still FFS whether MRS is needed in RRC connected active state in addition to NR-SS.
[bookmark: _GoBack]Proposal 2: In Idle/RRC connected inactive/RRC connected active states, beam detection and measurements are based on NR synchronization signals. RRC connected active state, however, may require measurement reference signal in addition to NR-SS especially when the periodicity of NR-SS is low.  
It is our view that there is no need to introduce additional RS for RRC connected active state unless we need to support beam detection and measurements. In LTE the current measurement accuracy has been derived assuming 5 subframes over 200 ms. How to sample 5 subframes during 200 ms measurement period is up to UE implementation. LTE has 48 REs of CRS over 6RB (1.08MHz) in 1 subframe. In NR, based on the proposed SS block proposal (12 RB) as shown in Figure 1, there are 128 REs (excluding the synchronization signal guard band) of SSS in 1 SS block. If we assume a single port SSS, there are 2.67x REs compared to LTE, or if we assume 2 ports SSS, there are 1.45x REs compared to LTE. Therefore, it is expected that the measurement accuracy in NR based on SSS will be better than the existing LTE measurement accuracy. Therefore, we do not foresee the need to introduce additional RS for measurements in RRC connected active state in NR for cell detection and measurements purpose. Therefore, in single beam deployment, all the RRM procedure can be defined based on SS block.
Proposal 3: For single beam deployment, DL based mobility procedure is defined based on SS block regardless of RRC states.
Conclusions
This contribution has provided our view on DL based mobility measurements based on our companion contributions [1-4]. The following proposals have been made:
Proposal 1: In Idle/RRC connected inactive/RRC connected active states, cell detection and measurements are based on cell-specific PSS and SSS for both the serving cell and neighboring cells. This is common for both single beam and multi-beam deployment scenarios.
Proposal 2: In Idle/RRC connected inactive/RRC connected active states, beam detection and measurements are based on NR synchronization signals. RRC connected active state, however, may require measurement reference signal in addition to NR-SS especially when the periodicity of NR-SS is low.
Proposal 3: For single beam deployment, DL based mobility procedure is defined based on SS block regardless of RRC states.
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