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1. Introduction
At Spokane RAN1 NR Ad-Hoc meeting, NR Mobility procedure achieved good progress. For IDLE mode measurement, always-on signals are concentrated on NR-SS and / or DM-RS for PBCH if DM-RS is supported for PBCH. 
In this document, we focus on CONNECTED mode measurement.
2. Discussion
2.1. CONNECTED mode RRM measurement
The following agreements were made at last RAN1 NR Ad-Hoc meeting [1]: 
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.

Summary of next steps: 

· At least the following aspects need to be further studied for the additional RS for L3 mobility in CONNECTED mode

· To acquire synchronization for RSRP measurement, consider the following options until RAN1#88:

· Option 1: UE uses NR-SS

· Option 2: UE uses the additional RS

· Option 3: UE uses NR-SS and the additional RS

· Maximum number of antenna ports

· Configuration/derivation of mapping/configuration parameters (e.g., number of antenna ports, RE mapping, time locations (periodicity and offset), number of antenna ports, BW, scrambling, etc.)

· Option 1: Cell-specific

· Option 2: Non-UE-specific, e.g., beam-specific, or UE-group-specific 

· Option 3: UE-specific

· Option 4: Combinations of above

· Use of the RS for fine time/frequency tracking and estimation of QCL parameters

· The RS can be turned off.

· Association of time frequency resources with beam(s) if needed

· The RS can be used for PBCH demodulation

· Down-selection from MRS-1, MRS-2, MRS-3 and CSI-RS

Aim for downselection at RAN1#88. 

Some key issues related to CONNECTED mode are listed below:
1) Whether additional RS is needed for CONNECTED mobility?

2) If yes, what is the characteristic of additional RS, e.g. cell-specific, or beam specific, or UE specific, or combination? 
3) In addition, how to design and configure additional RS, using e.g. MRS-1, or MRS-2, or MRS-3, or CSI-RS?
The following part of this section is strived to answer question 1) and 2), which is similar to our last meeting contribution [2]. 
For RRM measurement in CONNECTED mode, LTE uses the same measurement quantities as in IDLE mode. This design principle comes from the beginning of LTE design. As LTE Release 8 adopts a single wide analog beam operation using CRS tied with Cell-ID
 information for data & control channel demodulation, it is reasonable for UE to perform measurement with the same CRS in IDLE and CONNECTED mode, and expect the similar receive power on data channel. 
However, NR is a beam operation system, which is quite different from LTE. One of the most attractive features of NR is to support multi-beam based operation to improve data rate and spectrum efficiency. While different NR cells may possess different beam capabilities (with different analog beam-formed or hybrid beam-formed configuration and TRP configuration), also considering wider component carrier bandwidth will be supported for a NR cell, only relaying on RS for IDLE mode cannot correctly reflect the actual channel characteristic and quality of data signals which are transmitted by narrow beam. The following examples further elaborate this mismatch.
Assumptions: 

1. Using cell-specific wide beam for both IDLE and CONNECTED mode RRM measurement
2. Using report quantity similar to LTE RSRP for RRM reporting
3. Cell coverage planning is based on cell-specific signals, e.g. NR-PBCH, NR-PSS, NR-SSS.
Case 1: illustrated in Figure1 below
Assuming CONNECTED mode UE anchored in serving cell A is moving at the edge of cell A, which is the region overlapped between cell A and cell B. UE is served by narrow beam (NB1) with data transmission at MCS1 in cell A.

Handover is triggered by wide beam RSRP. After UE performs access to cell B, cell B selects the best narrow beam (NB2) to serve UE; according to NB2 channel quality and power, cell B schedules MCS2 for UE data transmission by NB2.

UE performs handover successfully from cell A to cell B; however, data transmission efficiency is degraded as MCS2 is lower than the original MCS1, as narrow beam in cell B is weaker than narrow beam in cell A. In addition, the similar situation will be expected in DC scenario and LTE assist NR access scenario.
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Case 2: illustrated in Figure2 below
Another worse situation is that when UE performs handover from cell A to cell B, UE cannot get ideal narrow beam service because of blockage; and UE has to be served by wide beam in cell B. The reason is that, wide beam is usually less sensitive to blockage, as UE can possibly receive multiple reflection paths with enough energy. This phenomenon is highly dependent on the size and the geographical position of the blockage, as well as the moving direction and speed of the blockage.  At high frequency, blockage becomes serious and may happen more often. Data transmission efficiency is also degraded in this case.
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Case 3: illustrated in Figure3 below
As we discussed in section 2.1, gNB supports different analog beamforming or hybrid beamforming capabilities with one or multiple TRPs; and NR should be able to develop all possible beam operations to increase cell-edge throughput, improve capacity, and meet other KPIs. So, if cell A uses multiple beams from different TRPs as joint transmission to serve UE, the similar situation in Case 1 may also happen in Case 3. 
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From the above analysis, we have the following observation and proposals: 
Observation: Only relying on Cell-specific DL signals (RS for IDLE) may not be enough for CONNECTED mode measurement; CONNECTED mode measurement should be optimized for data transmission. 
Proposal 1: Introduce additional RSs for CONNECTED mode RRM measurement.

Proposal 2: Additional RSs are UE-specific or UE-group-specific DL signals (denoted as Mobility RS, MRS)

Proposal 3: Both RS for IDLE and MRS can be used for CONNECTED mode RRM measurement. 
· Using either signal or both depends on network deployment scenarios, data transmission requirement cases, etc., which could be regarded as an implementation issue and NR gNB has the maximum scheduler flexibility to handle.
Another aspect related to multi-beam operation is using multiple beams from different TRPs as joint transmission to serve UE. In case 3 above, some initial analysis is provided. Joint multi-beam transmission should be supported in NR in one cell as well as handover between cells; and complexity vs. benefit should be balanced when designing multi-beam handover mechanism; in addition, joint multi-beam training procedure needs to be investigated to reduce beam training overhead. However, multi-beams from different cells simultaneously serving one UE should be avoided, at least for NR Phase 1 stage. Transparent to UE perspective is the preferred design principle for joint multi-beam transmission. 

Proposal 4: Joint multi-beam transmission should be supported in NR; and joint multi-beam training mechanism needs to be investigated to reduce beam training overhead.
2.2. Design for MRS
This section answers question 3): “In addition, how to design and configure additional RS, using e.g. MRS-1, or MRS-2, or MRS-3, or CSI-RS?”
For mobility RS, from RAN1#87 agreements and discussions, MRS-1, MRS-2, MRS-3 and CSI-RS could be potential candidates. Generally speaking, cell-specific signals are used for broadcast purpose and IDLE mode measurement, while UE-specific or UE-group-specific RSs are used for CONNECTED mode measurement and data related transmission. As these two signal sets have different periodicities and beamforming properties, multiplexing them together in one block will complex the system design and “always on block” will also restrict operator’s deployment flexibility as well as the introduction of future service or future features. So, we propose to decouple the design of MRS and SS block; but it does not mean MRS cannot use the resource from which SS block is not used, especially in a wideband carrier at high frequency band, as only a partial frequency band is needed for SS block.  
Proposal 5: MRS is not multiplexed with SS block. 

When using MRS for CONNECTED mode measurement, UE needs to be able to decode MRS beam IDs and cell/TRP IDs, so that UE can exactly determine a MRS beam coming from which cell/TRP. It is RAN1’s task to design the mechanism for UE to decode MRS beam IDs and cell/TRP IDs. 
In LTE FD-MIMO, CSI-RS can be transmitted in the semi-persistent and periodic, or triggered aperiodic way. For NR, CSI-RS can be possibly used for CSI acquisition, and beam management as well, which is referred to our MIMO contribution [3].  Unified CSI-RS design and configuration are attractive solutions for MRS design, while TRP ID is unable to be derived from LTE CSI-RS design. And further study is needed.
To efficiently support network controlled inter-gNB mobility based on beamformed MRS, inter-gNB coordination is needed, while it is RAN2’s task to design the related mechanism. For joint multi-beam transmission case, the similar procedures and mechanisms are required as above.  
Proposal 6: To support network controlled mobility based on MRS, RAN1’s task is to design the mechanism for UE to decode MRS beam IDs and cell/TRP IDs, and RAN2’s task is to design the related inter-gNB coordination mechanism.
Proposal 7: Whether using CSI-RS or separately designed RS from CSI-RS for MRS needs further evaluation and comparison in terms of overhead and complexity.
3. Conclusion

In this contribution, we discuss CONNECTED mode measurement with the following observation and proposals:
Observation: Only relying on Cell-specific DL signals (RS for IDLE) may not be enough for CONNECTED mode measurement; CONNECTED mode measurement should be optimized for data transmission. 
Proposal 1: Introduce additional RSs for CONNECTED mode RRM measurement.

Proposal 2: Additional RSs are UE-specific or UE-group-specific DL signals (denoted as Mobility RS, MRS)

Proposal 3: Both RS for IDLE and MRS can be used for CONNECTED mode RRM measurement. 

· Using either signal or both depends on network deployment scenarios, data transmission requirement cases, etc., which could be regarded as an implementation issue and NR gNB has the maximum scheduler flexibility to handle.
Proposal 4: Joint multi-beam transmission should be supported in NR; and joint multi-beam training mechanism needs to be investigated to reduce beam training overhead.
Proposal 5: MRS is not multiplexed with SS block. 

Proposal 6: To support network controlled mobility based on MRS, RAN1’s task is to design the mechanism for UE to decode MRS beam IDs and cell/TRP IDs, and RAN2’s task is to design the related inter-gNB coordination mechanism.
Proposal 7: Whether using CSI-RS or separately designed RS from CSI-RS for MRS needs further evaluation and comparison in terms of overhead and complexity.
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