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1. Introduction
In this document, we mainly discuss some aspects related to NR mobility procedure design, especially focused on beam operation. We also submit one companion contribution in RAN1 [1].
2. Discussion 
2.1. Mobility discussion
In this section we discuss about NR mobility design. Regarding the reference signals (RS) to be used for RRM measurements in RRC_IDLE and/or RRC_CONENCTED, an email thread on this topic is intensely discussed on RAN2 email reflector “[96#26] [LTE/NR] LS to RAN1 on mobility (Ericsson)”. 
In RAN2#96, RAN1 had provided the following answer consisting of different alternatives (or groups of alternatives A or B) still being evaluated by RAN1:
Option A): If the same signal(s) are used for idle and connected, the signal(s) supporting idle mode RRM measurement for cell selection/reselection operation and the signal(s) supporting connected mode RRM measurement for inter-cell mobility are transmitted in the same manner, in terms of beamforming configuration (e.g. single beam, multi-beam).

Option B) If different signal(s) are used for idle and connected, the signal(s) supporting idle mode RRM measurement for cell selection/reselection operation and the signal(s) supporting connected mode RRM measurement for inter-cell mobility can be transmitted in same or different manners by gNB implementations (FFS: may or may not be transparent to UE), in terms of beamforming configuration (e.g. single beam, multi-beam).

RAN1#87 meeting made the following agreements related to mobility procedure with RRM measurement.
Agreements:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:

· Option 1: Same RS

· Option 1-1: NR-SSS and/or NR-PSS

· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)

· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)

· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)

· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH

· Option 2: Not same RS

· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED

· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED

· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED

· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}

· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:

· Cell coverage in CONNECTED and IDLE

· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)

· Accuracy of the RS measurement quantity

· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:

· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 

One of key issues on NR mobility design is whether using the common RRM measurement for both RRC_IDLE and RRC_CONNECTED state.
2.1.1. RRM measurement in RRC_IDLE state 
For RRC_IDLE state RRM, it is nature to use common signals which are available during UE initial access procedure; more specifically, cell-specific wide broadcasting beam signals are ideal for this purpose as NR RRM should support both single-beam and multi-beam operation. So, NR-SSS and/or NR-PSS and/or DM-RS for PBCH (if supported) in SS block are the most suitable candidates for RRM measurement in RRC_IDLE. From the experience of LTE , considering network energy saving and future compatibility design philosophy, less always on signals and less predefined signals for RRM measurement in RRC_IDLE state are preferred, and MRS-1/2/3 and additional RSs are excluded from RRC_IDLE RRM measurement. In addition, to reduce UE burden on measurement during RRC_IDLE state, further down selection on candidates for RRC_IDLE RRM measurement is needed based on the performance evaluation and RRM requirements defined by RAN4. 

Proposal 1: Adopt NR-SSS and/or NR-PSS and/or DM-RS for PBCH (if supported) in SS block as the candidates for inter-cell RRM measurement in RRC_IDLE state. 
· Further down selection on candidates for RRM measurement in RRC_IDLE state is needed based on the performance evaluation by RAN1 and RRM requirements defined by RAN4. 
2.1.2. RRM measurement in RRC_CONNECTED state
For RRM measurement in RRC_CONNECTED state, LTE uses the same measurement quantities as in RRC_IDLE state. 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, it is reasonable for UE to perform measurement with the same CRS in RRC_IDLE and RRC_CONNECTED states, and expect the similar receive power on data channel.
However, NR system will face a lot challenges 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 capability (with different analog beam-forming or hybrid beam-forming configuration and TRP configuration), also considering wider component carrier bandwidth will be supported for a NR cell, cell-specific wide broadcasting beam signals for RRM measurement in RRC_IDLE state cannot correctly reflect the actual channel characteristic and quality of data signals transmitted by narrow beam. The following examples further elaborate this mismatch.
Assumptions: 

1. Using cell-specific wide beam for both RRC_IDLE and RRC_CONNECTED 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 RRC_CONNECTED state 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 reflect paths with enough energy. This phenomenon is highly dependent on the size and the geographical position of blockage, as well as moving direction and speed of 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 capability 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 to 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 non-UE-specific DL signals may not be enough for RRM measurement in RRC_CONNECTED state; RRM measurement in RRC_CONNECTED states should be optimized for data transmission.
Proposal 2: UE-specific DL signals (Mobility RS) for RRM measurement in RRC_CONNECTED state is needed; how to design this mobility RS is RAN1 task. 
Proposal 3: Both non-UE-specific DL signals for RRC_IDLE and UE-specific DL signals (Mobility RS) can be used for RRM measurement in RRC_CONNECTED state.

· Using either signal or both is depended on network deployment scenarios, data transmission requirement cases, etc., which could be regarded as an implementation issue and NR gNB has the maximum scheduling flexibility to handle.

2.1.3. MRS for RRM measurement in RRC_CONNECTED state 
When using UE-specific DL signals (Mobility RS) for RRM measurement in RRC_CONNECTED state, 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, whatever by explicit or implicit manner, via dedicated signaling or system information. To efficiently support inter-gNB network controlled mobility based on beamforming MRS, inter-gNB coordination is needed, while it is RAN2’s task to design the related mechanism. 

Proposal 4: 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.
3. Conclusion

In this contribution, we focus on NR mobility procedure design with the following observation and proposals:
Proposal 1: Adopt NR-SSS and/or NR-PSS and/or DM-RS for PBCH (if supported) in SS block as the candidates for inter-cell RRM measurement in RRC_IDLE state. 
· Further down selection on candidates for RRM measurement in RRC_IDLE state is needed based on the performance evaluation by RAN1 and RRM requirements defined by RAN4. 

Observation: Only relying on non-UE-specific DL signals may not be enough for RRM measurement in RRC_CONNECTED state; RRM measurement in RRC_CONNECTED states should be optimized for data transmission.
Proposal 2: UE-specific DL signals (Mobility RS) for RRM measurement in RRC_CONNECTED state is needed; how to design this mobility RS is RAN1 task.
Proposal 3: Both non-UE-specific DL signals for RRC_IDLE and UE-specific DL signals (Mobility RS) can be used for RRM measurement in RRC_CONNECTED state.

· Using either signal or both is depended on network deployment scenarios, data transmission requirement cases, etc., which could be regarded as an implementation issue and NR gNB has the maximum scheduling flexibility to handle.

Proposal 4: 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.
References

[1] R1-1700273, “Support beam operation for NR mobility”, vivo, RAN WG1 AH_NR Meeting, Spokane, USA, 16th - 20th January 2017[image: image4.png]



WB-RSRP1<WB-RSRP2


Serving
Cell A
Target
Cell B
WB1
WB-RSRP1
WB2
WB-RSRP2
NB1
NB2
Blockage
Figure 2



TRP1(WB-RSRP1)+TRP2(WB-RSRP2)<Cell B(WB-RSRP)

Cell A
Cell B
WB1
WB
BBU
NB


TRP1
TRP2
WB2
NB1
NB2
Figure 3





Serving
Cell A
Target
Cell B
WB1
WB-RSRP1
WB2
WB-RSRP2
NB1
NB-RSRP1
MCS1
NB2
NB-RSRP2
MCS2
NB-RSRP1>NB-RSRP2
MCS1>MCS2
WB-RSRP1<WB-RSRP2
Figure 1



