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Introduction
During RAN1 NR #88, the following agreements were made for mobility procedure.
Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 

Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS

In RAN 2 #97 meeting [5], the following agreements were reached for Intra-NR-RAT Mobility with RRC involvement – measurement related aspects:
Agreement
1	Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)

And as a baseline, Events A-A6 defined in LTE are considered:
Agreements
1: Measurement events can be configured for xSS and for additional RS for RRM measurement. 
2:	At least event A1-A6 can be configured for xSS
FSS which events that can be configured for additional RS

In this contribution, we further provide our view regarding the mobility procedures 

Deployment scenario consideration
One deployment scenario we consider is illustrated in Figure 1. A cell can be deployed to cover a relatively larger area, while within the cell, multiple TRPs can be deployed to improve both the coverage and capacity by finer cell splitting. One example of the TRP deployment could be that each TRP is a RRH. While this deployment offers many benefits, RRM related design needs to be carefully considered. 
From the mobility measurement, it is desirable to have both the cell level measurement reference signal (RS) and the TRP level RS. It is also desirable to have both cell level id, which we call it Cell ID, and TRP level id which we call it TRP ID. For the RS, there could be many different designs, at high level, it can be categorized as self-dissolvable or non self-dissolvable. Synchronization signal can be used as the measurement RS which is also self-dissolvable, while CSI-RS is typically non self-dissolvable. 
Overall, there could be two deployment schemes
· Deployment scheme 1
· Cell specific RS is SYNC signal which is self-discoverable
· TRP specific is  CSI-RS which needs NW configuration
· Deployment scheme 2
· Cell specific RS is CSI-RS which needs NW configuration
· TRP specific is SYNC signal which is self-discoverable



Figure 1 NR deployment scenarios
Mobility measurements (regardless of RRC state) need to be based on synchronization signals and RS. For deployment scheme 1: UE needs to detect the cell based on the SYNC signal. Once UE has access to the NW, then UE can be configured with TRP specific CSI-RS for measurement. The CSI-RS configuration can be done for multiple cells and, ideally, as UE moves, the configuration needs to be updated to ensure that UE has a clear knowledge of the neighbour TRP/Cells. For deployment scheme 2, UE detects the TRP based on the SYNC signal (TRP specific RS). Once UE has access to the NW, then UE can be configured with cell specific CSI-RS. The cell specific CSI-RS can be used for RLM or for the mobility performance enhancement. 
Mobility measurements for IDLE or RRC CONNECTED INACTIVE 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 2. 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.



Figure 2: 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 SSS can be used for RRM measurement. 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.
The measurement RS needs to provide enough accuracy for RRM. Due to the lack of always on CRS, we needs to ensure that RS is sufficient.  It is our view that there is no need to introduce additional RS simply for the measurement accuracy reason. In LTE, the current measurement accuracy has been derived assuming 5 subframes over 200ms. 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 127 REs (excluding the synchronization signal guard band) of SSS in 1 SS block. If we assume a single port SSS, there are 2.7x 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 accuracy purpose.
Observation 1: NR PSS and SSS should provide similar, or better, measurement accuracy compared to LTE. Simulation is needed for further confirmation 
Mobility measurements for RRC CONNECTED ACTIVE state
For the RRC CONNECTED ACTIVE state UE, even though from the measurement accuracy perspective, PSS/SSS can be enough, CSI-RS can be used to further improve mobility performance.
DL based mobility 
Below we listed the high level procedure that can be used for enhancing DL based mobility with CSI-RS. Note that regardless of the whether deployment scheme 1 or deployment scheme 2 is considered, we assume that UE has already been configured with cell specific RS and TRP specific RS for measurement. 
· For CONNETEC ACTIVE state UE, for each measurement period
· UE measures the TRP specific RS 
· For scheme 1, the TRP specific RS is CSI-RS which needs to be pre-configure, similar as neighboring list concept in the previous generation of cellular communications. As UE handover to the new TRP, the CSI-RS list for measurement also needs to be updated via configurations.
· For scheme 2, TRP specific RS is synchronization signals which is self-discoverable
· When handover condition was met
· UE sends MR (measurement report) to NW indicating that neighboring TRP being better than the current TRP. Not that the MR can be sent via RRC massage, as MAC CE or via L1 message. Generally, terminating the message at lower layer provide better latency and lower overhead, at the expense of less reliability
· NW determines if handover is required or not. In case NW decides to handover UE to the new TRP, NW needs to send the handover command to the UE. Similar as MR, handover command can be transmitted at different layers, i.e. RRC, MAC or L1. There are a few options for sending handover command 
· Hand over command can be sent from source TRP, PDCCH at L1 will be scrambled with source TRP ID
· Hand over command can be sent from target , PDCCH at L1 will be scrambled with target TRP ID
· Hand over command can be sent in SFN from a group of TRPs, PDCCH at L1 will be scrambled with Cell  ID
· UE can monitor one or multiple or all of the following PDCCH
· PDCCH scrambled with source TRP ID 
· PDCCH scrambled with target TRP ID  
· PDCCH scrambled with Cell ID 

UL based mobility 
As we discussed in our previous contribution [4], UL based mobility can improve both the UE power consumption and mobility reliability in challenging mobility scenarios. Here we list the high level procedure that can using the CSI-RS to allow UL based mobility for performance enhancement.
· For CONNETEC ACTIVE state UE, for each measurement period
· UE measures the cell specific RS for RLM (Radio Link Monitoring), FTL/TTL if needed and or open loop power control
· UE transmits the UL reference signal (SRS)
· NW measures the UL reference signal and determines the need for UE to handover to new TRP
· If NW needs UE to handover to new TRP
· NW signals to the UE the new TRP ID using PDCCH scrambled/identified by both the UE ID (CRNTI) and Cell ID.
· Signal can be transmitted in SFN mode over a subset of the TRPs in the cell
· UE acquires the new TRP ID and then for the data communications. UE starts to monitor the UE specific control by monitoring the PDCCH scrambled/identified by new TRP ID and CRNTI.
Proposal 1: RAN1 further discuss and evaluation the usage of CSI-RS in CONNECTED mode for mobility performance enhancement
DL Mobility above 6 GHz
User movement, angular rotation and blocking cause variations in signal quality of beams transmitted from serving and neighboring gNBs. A UE may measure multiple beams of a gNB whose signal quality may vary over time Therefore, RRM is required to perform the following functions using measurement of multiple beams of a gNB,:
· Derive cell level quality that reflects overall signal quality of a gNB (serving and neighbors); and
· Trigger measurement events and reporting.
In this contribution we focus on deriving cell level quality in multi-beam scenario. Based on the RAN2 agreement, the cell quality metric can be derived from N best beams where the value of N can be configured by the network. Further, the cell quality metric derived from N best beams will be used to trigger handover events such as for example A1-A6. 
In multi-beam systems a UE may detect and measure multiple beams that may have a wide range of received signal strengths. For e.g., a UE on the serving cell may be located in regions where the quality of reference signal associated with active beam(s) may be significantly better than other beams. In such scenarios, if cell quality metric is derived by taking an average over N best beams then the cell quality metric may not represent the quality of active beam(s) that are used for data/control channels. This may impact system performances.  
Observation 2: If cell quality metric is derived by taking an average over N best beams then the cell quality metric may not represent the quality of active beam(s).
Figure 3 illustrates the mismatch between cell quality metric derived from best beam vs. by averaging N best beams (that are detected) in an urban macro deployment. Results are shown for N=2, 4, and 8. Notice that the mismatch can be significant and may cause unnecessary event triggers.
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Figure 3: CDF of RSRP difference between best beam and the average of top N beams 
To alleviate this issue we propose an absolute and relative beam quality thresholds to derive cell quality metric. 
Absolute threshold: cell quality metric is derived using beams with signal quality is above a threshold.  

Relative threshold: cell quality metric is derived using beams with signal quality is within X dB of the best beam. 
Figure 4 illustrates the mismatch between cell quality metric derived from best beam vs. by averaging N best beams whose signal quality is above absolute threshold in an urban macro deployment. Results are shown for N=2, 4, and 8.
Notice that the mismatch issue can be alleviated using an absolute threshold.
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Figure 4: CDF of RSRP difference between best beam and the average of top N beams that are above a threshold. (Left figure threshold = -81 dBm; Right figure threshold=-71 dBm)
Figure 5 illustrates the mismatch between cell quality metric derived from best beam vs. by averaging beams with signal quality within X dB of best beam. Notice that the mismatch issue is alleviated using a relative threshold.
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Figure 5: CDF of RSRP difference between best beam and the average of beams that are within a threshold of (3, 6) dB of the best beam.
In order to derive cell quality using beam level measurements we propose the following: 
Proposal 2: NR shall support absolute and relative beam quality thresholds for identifying beams used for deriving cell quality metric. 
Proposal 3: Cell quality is derived using a function of beam level measurements of a gNB. Parameters such as handover rate and throughput can be considered towards the definition of the function.
Simulation Assumptions
	Parameters
	Value

	Layout
	Single Layer (Macro)

	Inter-BS Distance
	500m for UMa

	Carrier Frequency
	28 GHz

	Simulation BW
	100 MHz

	Tx Power (BS)
	43 dBm for UMa

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,1,1,1); 
(dV, dH) = (0.5, 0.5)λ

	BS Antenna Height
	25m for Uma

	UE Receiver Noise Figure
	13 dB

	UE Antenna Configuration
	(M, N, P, Mg, Ng) = (2, 4, 1, 1, 1);
 (dV,dH) = (0.5, 0.5)λ; (dg,V,dg,H) = (0, 0)λ.

	UE Distribution
	80% indoor and 20% outdoor for UMa
Uniform UE dropping: 5 UEs/TRP

	BS beamforming weights
	Number of beams: 16
scanning [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain

	UE beamforming weights
	Number of beams: 8
scanning [-60, 60] degrees in azimuth domain and [10, 80] degrees in zenith domain

	UE antenna panel bearing
	4 panels with 90 degree antenna bearing increase



Conclusions
This contribution has provided our view on mobility measurements based on our companion contributions [1-4]. The following observation/proposal have been made:
Observation 1: NR PSS and SSS should provide similar, or better, measurement accuracy compared to LTE. Simulation is needed for further confirmation 
Observation 2: If cell quality metric is derived by taking an average over N best beams then the cell quality metric may not represent the quality of active beam(s). 

Proposal 1: RAN1 further discuss and evaluation the usage of CSI-RS in CONNECTED mode for mobility performance enhancement
Proposal 2: NR shall support absolute and relative beam quality thresholds for identifying beams used for deriving cell quality metric. 

Proposal 3: Cell quality is derived using a function of beam level measurements of a gNB. Parameters such as handover rate and throughput can be considered towards the definition of the function.
 References
[1]. [bookmark: _Ref462859139][bookmark: _Ref471479747][bookmark: _Ref462921140][bookmark: _Ref471480026][bookmark: _Ref446333722][bookmark: _Ref458067121][bookmark: _Ref458093355][bookmark: _Ref462751848][bookmark: _Ref462859211][bookmark: _Ref470450042]R1-1705566, “Synchronization signal frequency raster consideration” Qualcomm Incorporated
[2]. [bookmark: _Ref471550013]R1-1705564, “Synchronization signal bandwidth and sequence design” Qualcomm Incorporated
[3]. [bookmark: _Ref471547521]R1-1705567, “ Synchronization signal periodicity consideration,” Qualcomm Incorporated
[4]. R1-1702595, “UL based mobility design and performance summary”, Qualcomm Incorporated



6/8
image2.emf
TRP 1

TRP 2

TRP 3

TRP 4

TRP 5

TRP 6


oleObject1.bin

image3.emf
PBCH

PSS SSS PBCH


oleObject2.bin
PBCH


PSS


SSS


PBCH



image4.jpeg
CDF

09

08

07

06

05

04

03

02

01

0 2 4 6 8
RSRP difference between best beam and the average of top N beams (dB)




image5.jpeg
CDF

Threshold=0dB

09

o8-

07

0

o5

04

0sr

0z

o1r

0

1 2 3 a 5 6 7
RSRP difference between best bearn and the average of top N beams (dB)





image6.jpeg
03

08

07

0

03

02

o

Threshold=10dB

N-z |

—Nea

' i L i i
2 3 4 5 6 7 8
RSRP difference between best beam and the average of top N beams (dB)




image7.jpg
CDF

09

07r

08

04r

031

01r

Threshold = 3dB

Threshold = 6dB
T T

1 2 3 4 5 3] 7
RSRP difference between best beam and the average of top N beams (dB)

8





