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During RAN2#95bis meeting, there were some offline discussions on NR Cell definition and relation to beams in connected mode [1] and following agreements were made. 
Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
–	FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
–	FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
–	FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
-	FFS how the cell in connected relates to the cell in idle

3. 	Study how to derive a cell quality based on measurements from individual beams

4. 	In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
-     FFS whether there may be cases that do require RRC involvement.

5	UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)


Agreements for IDLE
1	In IDLE mode, UE performs cell selection and reselection on NR Cells.
2	Study how to derive a cell quality based on measurements.

In RAN1# 86 meeting, RAN1 discussed DL measurement for L3 mobility for both IDLE and CONNECTED [2]. Following agreements made [3]:
	Agreements:
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement
· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)
· Option 2: RS for demodulating broadcast channel
· Option 3: RS for mobility
· FFS if and how to associate the cell ID with this RS
· FFS this RS is for multi-beam and/or single-beam
· Option 4: Any combinations of above
· Other options are not precluded
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode
Agreements:
· For L3 mobility based on DL measurement in CONNECTED mode UE:
· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement
· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement
· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
· Option 2: RS for mobility
· FFS how to associate it with beam-ID and/or Cell-ID
· Option 3: RS for demodulating broadcast channel
· Option 4: A combination of option 1 and 2
· Other options are not precluded


With the consideration of previous RAN2 and RAN1 works, this contribution discuss the relationship between NR cell in IDLE and CONNECTED.   
[bookmark: OLE_LINK110][bookmark: OLE_LINK109][bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Discussion
NR cell in CONNECTED
2.1.1 DL signals for RRM measurement in CONNECTED
DL signals for CONNECTED mode RRM measurement is being in discussion in RAN1. Four options are proposed. Although the RS design/usage for CONNECTED mode RRM measurement can have different options, there are mainly two approaches for network to provide RS to each UE. One is that the RS is provided by network through dedicated RRC signals (e.g. option 2 with RS for mobility); the other one is that the RS is provided by network through broadcasting (e.g. option 1 and option 3). One common requirement from different options is that the association between beams and cells should be distinguished by UE to check whether the measurement reporting event is met and trigger the measurement reports properly. 
Observation 1: In CONNECTED mode, each beam is identified and visible to UE. The association between beams and cells can be distinguished by UE.
2.1.2 Serving/non-serving set of beam
Considering the different assumptions on single/multiple TRP and single/multiple beam, there are potentially four scenarios for network deployment. If is FFS whether other terminologies, i.e. 'serving/non serving set of beam’ is needed. First of all, the term of serving beam is confusing and need to be clarified. 
Generally, serving beam means the beams on which data transmission/reception is performed. However, in order to support fast beam sweeping, multiple beams are measured. So the intention of serving set of beam includes not only the beam with data transmission but also the beams with measurement and CSI/BMI report in the serving cell. Non-serving beams in the serving cell are not considered since they are not detectable. So the non-serving set of beam means the non-serving beam in the neighbouring cells. 
For single TRP deployment (a&b), the serving/non-serving beams are equivalent to serving cell and non-serving cell, because the cell quality is derived based on measurements from those individual beams. For multiple TRP deployment (c&d), only the beams near the cell edge needs to be considered for cell quality evaluation, because other non-serving beams no matter they are belonging to serving cell or non-serving cell are not detectable and measurable. From UE aspect, the serving/non-serving beams are equivalent to serving cell and non-serving cell. 
Observation 2: The serving/non-serving cell is equivalent to serving/non-serving set of beams for cell quality evaluation. 
Proposal 1: There is no need to define different terminologies e.g. serving/non-serving set of beams for DL RRM measurement.   


                        
a) Singe TRP & Single Beam                                                  b)     Single TRP & Multiple Beam


 
c) Multiple TRP & Single beam                                             d)      Multiple TRP & Multiple beam             
Figure 1 Cell-level mobility in CONNECTED
NR cell in IDLE
For IDLE mode operation, different companies have different assumptions on cell coverage provision.
There are two options to provide the broadcasting signalling and RS for cell selection/reselection measurement. 
· Option1-single beam operation: 
· Single (omi-directional or sector) beam to provide coverage;
· Time domain repetition to guarantee the cell coverage;
· SFN can be utilized.
· Beam is invisible to UE in IDLE.
· Option 2-multiple beam operation:
· Beam sweeping to provide coverage;
· Each beam has its own reference signal broadcast by the network;
· Beam is visible to UE in IDLE.

The two options are compared in the following aspects:
Hardware constrains
Due to the hardware constrains on HF, it has dramatic challenge to generate beams with very wide beam-width through hybrid beamforming architecture. However, narrow beams can be easily generated. 
Link budget
The link budget is calculated for Urban Macro deployment scenarios in our Tdoc [4] and the analysis is cited in the Appendix. Referring to LTE PBCH design, the lowest SNR for supporting PBCH demodulation with specified performance requirement is -6.4dB. DL SNR without beamforming is -11.3 dB and -18.29 dB for 200 MHz and 1 GHz bandwidth, respectively. Apparently, such SNR value is not enough to support reliable PBCH demodulation. On the other hand, with moderate beamforming gain, DL SNR can be improved to sustain reliable PBCH demodulation. In our analysis, DL SNR can reach 3.75 dB and -3.24 dB for 200 MHz and 1 GHz bandwidth, respectively, conditioned on an aggregated array gain of 15 dB from BS and UE.
RRM measurement in IDLE
For single beam operation, since beam is invisible to UE, UE only needs to perform RRM measurement on the cell-specific signals. So current RRM measurement and cell (re)selection procedure can be largely reused. For multiple beam operation, UE needs to perform RRM measurement on individual beams and derives the overall cell quality based on the measurement results of those beams. However, the measurement on each individual beam can help to optimize the subsequent procedures. 
Paging 
For single beam operation, UE needs to repeat paging reception many times to conquer the path loss, similar as the operation for coverage enhancement. So longer latency for paging reception is expected. For multiple beam operation, UE can select the best TRP Tx beams for paging reception without time domain accumulation, which has shorter latency. 
RS for CONNECTED mobility
In single beam operation, RS for RRM measurement in CONNECTED mode and IDLE mode are different, e.g. dedicated RS for CONNECTED mobility is assigned after RRC connection is established. From network aspect, proper RS configuration is difficult considering the RS-set may be shared by multiple UEs and targets for different beams belonging to different cells in the proximity of the UE. When HO is needed, RS configuration for cell-level mobility is needed, which may involves more signalling and latency. This also violates the agreed requirement to minimise the required measurement configuration to be provided to the UE to configure measurements. 
In multiple beam operation with beam-specific RS broadcast, the RS for RRM measurement in CONNECTED mode and IDLE mode are the same. So RS and the corresponding beam can be detected by the UE without much configuration.
Cell coverage in IDLE and CONNECTED
For single beam operation, cell coverage in IDLE and CONNECTED are different. So different criteria for cell quality evaluation will be applied in IDLE and CONNECTED. Due to the different criteria, it is very likely that HO after state transition occurs, which results in more signaling overhead.
For multiple beam operation, cell coverage in IDLE and CONNECTED are the same. The unnecessary HO operation after UE state transition can be avoided. 
Random access
In single beam operation, due to the lack of beam-specific measurement and UL power limitation, UL beam sweeping is always required for Msg1 transmission. Furthermore, it’s also not clear how to perform RAR transmission/reception. If beamforming for RAR is required, UE needs to take the opportunity to perform DL beam alignment to find a proper Rx beam for DL reception, e.g. Msg4. So Transmission repetition for Msg2 needed. 
In the best case when channel reciprocity is hold by both network and UE, multiple-beam operation can avoid beam sweeping for both preamble and RAR.  Since UE can perform initial beam alignment according to the beam-specific reference signals broadcast, UE can determine the best TRP Tx beam and best UE Rx beam. So UE can utilize the best UE Tx beam for preamble transmission and the best UE Rx beam for RAR reception assuming the best TRP Rx/Tx beam are used at the network side.  In single beam operation, beam sweeping for Msg1 and transmission repetition for Msg2 are required even channel reciprocity is hold. 



Figure 2 Random access procedure with Option 1 and Option2 (if channel reciprocity is hold)

Additional UE behaviour after transferred to CONNECTED
For single beam operation, only after beam-specific RS is configured, finer sync and initial beam alignment are performed, then data transmission is performed. 
For multiple beam operation, since initial beam alignment is acquired before UE performs random access procedure in option 2, data transmission can start immediately after RA procedure. 


Figure 3 Initial beam alignment in Option 1 and Option2
Network Energy Efficiency
Single beam operation has relatively higher energy efficiency at the network side due to the long periodicity of broadcast signal and single beam operation. For multiple beam operation, the periodicity of the broadcasting signal with beam sweeping can also be prolonged, e.g. to 40ms.  The power consumption is not much higher than single beam operation.
UE Energy Efficiency
The effort of initial beam alignment is always required when UE is about to perform data transmission. The difference is when it is performed, e.g. before paging reception in IDLE (multiple beam operation) or after random access in CONNECTED (single beam operation).
For single beam operation, reception repetition for system information and paging is always required in IDLE, similar operation as coverage enhancement. For multiple beam operation, after initial beam alignment, UE knows the best Tx-Rx pair, which can be used for paging, RA procedure and subsequent data transmission.
It’s hard right now to predict which one is more power efficient from UE aspect. 
The impact of option 1 and option 2 are compared in table 1.

	
	Option 1
	Option 2

	Hardware constraints.
	· Very Challenging to generate wide beam. 
	−
	+
	· Feasible to generate narrow beam.

	Link budget
(200M)
	· Link budget with single beam operation is strongly concerned. 

	−
	+
	· Path loss can be compensated by beamforming at both the transmitter and receiver side. 


	RRM measurement in IDLE
	· Cell-specific signal and measurement in IDLE. 
	+
	−
	· Beam-specific signal and measurement in IDLE. 

	Paging
	· Longer latency for paging reception due to time domain repetition.
	−
	+
	· Shorter latency for paging reception on the best TRP Tx beam.

	RS for CONNECTED mobility
	· Proper RS configuration to support cell-level mobility is required. 

	−
	+
	· RS configuration for UE measurement can be minimized.  

	Cell coverage in IDLE and CONNECTED

	· Different criteria for cell quality evaluation in IDLE and CONNECTED.
· HO after state transition occurs, which results in more signaling overhead.

	−
	+
	· Same criteria for cell quality evaluation for both IDLE and CONNECTED.
· Avoids HO after state transition

	Random access
	· Long RACH latency

	−
	+
	· Short RACH latency 

	Additional UE behaviour after transferred to CONNECTED
	· Finer synchronization and initial beam alignment is performed after the RS for RRM measurement is configured. 
	−
	+
	· Additional synchronization and initial beam alignment is not needed. 

	Network Energy Efficiency
	· Relatively High energy efficiency at the network
 
	+
	−
	· Relatively low energy efficiency at the network 

	UE power consumption
	· High power consumption due to reception repetition
	−
	−
	· High power consumption due to beam-specific measurement


Table 1 Comparison between Option 1 and Option2

Observation 3: Option 1 simplifies IDLE mode operation with relatively high power efficiency, but at the cost of complicated procedures and longer latency in the subsequent steps. 
Observation 4: Option 2 simplifies random access procedure and CONNECTED mode operation with shorter latency, but at the cost of additional measurement on each detected beam in IDLE mode. 
Although DL signals design for IDLE mode/CONNECTED RRM measurement are RAN1 task, from RAN2 aspect, the unnecessary HO operation after UE state transition should be avoided. So the same cell coverage and criteria for cell quality evaluation in IDLE and CONNECTED is preferred. 
Latency (both CP and UP latency) is one important KPI in NR. Although option 1 can help to improve the energy efficiency at the network side, CP latency for connection setup, UP latency for data transmission, as well as HO latency due to proper RS configuration beforehand are concerned. 
Proposal 2: The cell coverage should have same beam property in IDLE and CONNECTED.
Proposal 3: The same criteria for cell quality evaluation should be applied for UE in IDLE and CONNECTED. 
Proposal 4: HF NR cell is covered by beam sweeping (option 2), and UE is able to distinguish different beams in IDLE.
Conclusion
In this contribution, NR cell in IDLE mode and CONNECTED mode 
We make following observations on beam visibility to UE:
Observation 1: In CONNECTED mode, each beam is identified and visible to UE. The association between beams and cells can be distinguished by UE.
Observation 2: The serving/non-serving cell is equivalent to serving/non-serving set of beams for cell quality evaluation. 
Observation 3: Option 1 simplifies IDLE mode operation with relatively high power efficiency, but at the cost of complicated procedures and longer latency in the subsequent steps. 
Observation 4: Option 2 simplifies random access procedure and CONNECTED mode operation with shorter latency, but at the cost of additional measurement on each detected beam in IDLE mode. 
We propose:
Proposal 1: There is no need to define different terminologies e.g. serving/non-serving set of beams for DL RRM measurement.   
Proposal 2: The cell coverage should have same beam property in IDLE and CONNECTED.
Proposal 3: The same criteria for cell quality evaluation should be applied for UE in IDLE and CONNECTED. 
Proposal 4: HF NR cell is covered by beam sweeping (option 2), and UE is able to distinguish different beams in IDLE.
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Appendix
The parameters used in the analysis are based on the assumptions in [5]. The propagation model is based on 3GPP above 6GHz channel model [6], where Non-Line-of-Sight (NLoS) outdoor condition is assumed.
[bookmark: _Ref450657937]Table 1: Link budget analysis
	
	Urban Macro

	ISD [m]
	500

	Cell size [m], d_2D
	288.68

	Frequency [GHz]
	30

	BW [MHz]
	200
	1000

	PL loss model
	UMa NLoS

	PL loss [dB]
	139.29

	Fade margin [dB]
	6

	TRP Tx power [dBm]
	43

	TRP element gain [dBi]
	8

	TRP array gain
	8
	8

	UE noise figure [dB]
	13

	UE element gain [dBi]
	5

	UE array gain
	4
	4

	DL SNR (before beamforming)
	-11.30
	-18.29

	DL SNR (after beamforming)
	3.75
	-3.24



[bookmark: _Ref465969302][image: ]
[bookmark: _Ref465969460]Figure 1 SINR distribution for UMa 30GHz
The simulation is mainly based on Urban Macro evaluation assumptions with a few differences. In this simulation, both TX and RX side has only 1 panel, and the total array gain is about 20dB. All UEs in this simulation are outdoor UEs. For UEs without beamforming, about 34% UEs cannot fulfil the requirement for PBCH demodulation, i.e. -6.4dB. On the other hand, with beamforming capability, only about 3% of UEs are not able to reach the requirement of PBCH demodulation.
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