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Introduction
Follwing agreements were made in RAN1#86bis related to 
Agreements:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.

· Detailed definition of NR cell FFS

· 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: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode

Agreements:

· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz
In this contribution we provide an example initial access procedure to discuss potential DL signals for measurements. Furthermore, we discuss on the use of different signals in different RRC states and finally provide some consideration on the synchronization signal requirements.  

2
Initial Access and Downlink Measurements in NR 

2.1 Initial Access Procedure

To consider potential DL signals for measurements an exemplary initial access procedure is provided here and discussed briefly:

[image: image1.emf] 

1 .  SYNC

2.  NR PBCH-DMRS

3.  NR PBCH 

(MIB)

4.  SIB 

6.  RACH  (UL)

Beam Agnostic

Single/Multi beam

5.  BRS

3.  BRS


Figure 1. Exemplary initial access procedure.

1. Synchronization Signal (SYNC). Indicates a presence of a cell and encodes an identity (e.g. part of cell idendity PSS+SSS).

2. NR PBCH DM-RS. The NR PBCH-DMRS signals are determined by the UE based on PCI. Used to decode cell specific physical broadcast channel (PBCH).  

3. NR PBCH (MIB). To obtain minimum system information for further cell access and to the determin how to decode further information from cell e.g. SIB. Also the BRS configuration (number of BRS ports) for the corresponding SS-block could be provided by MIB.
4. SIB. To obtain other system information and to the determine whether to access the cell is allowed and how to access. SIB provisioning may done either by additional downlink sweep or scheduled on shared channel.

5. BRS (Beam Reference Signals). Based on the beam configuration information in system information UE could be able to determine the operation mode of the cell (single beam/multi beam) in addition to other configuration information such as associated random access resources. Once UE has obtained information on cell beam configuration such as number of BRS ports and the discovery signal periodicity it is able detect different beams of a cell.

6. RACH. Random access procedure to access the cell on configured resources 

Until step 4 in the figure 1, ideally from UE perspective the reception of SYNC, NR-PBCH (MIB) and possibly SIB would be beam agnostic; UE would not need to know anything about the beam configuration (e.g. number of antenna ports, discovery signal periods etc.) before it has decided to access the cell using random access procedure. This approach would allow similar cell search and initial access procedure until UE decides to access the cell.

Observation 1: Cell search and obtaining minimum system information for initial access should be agnostic to beam configuration

2.2 DL Signals for Mobility Measurements

The illustrated initial acces procedure in Figure 1 provided following downlink signal options for mobility measurements:

· SYNC signal

· PBCH DM-RS
· BRS (Beam Reference Signals)

In NR there is an active discussion on going to define a state with IDLE mode characteristic (as in LTE Idle mode) but the UE context would be maintained at the network. Thus, the UE would be consired as in RRC connected mode but ‘inactive’. Currently this is referred as ‘new state’. In one view the IDLE mode would still be defined in NR but could be seen as intermediate state when UE has no RRC connection  and also during a failure recovery procedure e.g. when reconnecting to network after radio link failure.

In the following chapters we discuss the above signals and their potential use in different RRC states, in Connected and idle/inactive modes.

2.2.3 IDLE/INACTIVE Mode

SYNC Signal

In idle/inactive state, from mobility measurements perspective the detection of synchronization signal and a cell identity is needed:

1. When UE performs initial cell selection when it has no RRC connection (it searches for the strongest cell  to obtain more information such as PLMN ID, Cell ID

2. In UE based mobility when UE performs cell re-selection: detecting neighbouring cells and determining cell quality in inactive/IDLE (RRC connected but inactive, the ‘new state’ in NR) 

As the synchronization signal is the first signal detected by the UE in all above cases it could be beneficial to consider if it could be used for measurements to determine cell quality. As sync signal level is known prior to the detection of NR PBCH-DMRS it could be used to rule out weak candidate cells. Additionally the SYNC signal could be used to determine whether UE initiates (neighbouring) cell search and measurements for cell re-selection. Furthermore SYNC signal reception could be made to be single/multi-beam agnostic [2]. The potential requirements that would be then imposed for the SYNC signal design are discussed in chapter 2.3.

Observation 2: Using NR Synchronization signal for cell measurements could simplify and streamline mobility procedures.

NR-PBCH DM-RS 
Alternatively, considering the LTE principle for cell measurements, UE would first detect synchronization signal, determine the cell specific reference signals based on physical cell ID and perform RSRP/RSRQ measurements. 

Similar approach could also be applied for NR cell measurements. UE detects synchronization signal, determines necessary cell identity and derives the cell specific NR-PBCH DM-RS signals for cell quality measurements. This leads to further options where the cell measurements could be done from SYNC signal only, PBCH DM-RS only or use both: SYNC + PBCH DM-RS.

In either option, assuming that PBCH transmission mode is beam configuration agnostic, UE would not need to know the beam configuration of a cell so the measurement would be beam agnostic.

Observation 3: NR Cell measurements could be done in beam agnostic manner based on SYNC signal, PBCH DM-RS, or SYNC+PBCH DM-RS
Proposal 1: Consider the use of NR synchronization signal for NR cell measurements in IDLE/inactive mode.

2.2.4 CONNECTED Mode

SYNC Signal / NR PBCH-DMRS 
In connected mode, SYNC signal is used when searching and detecting neighbour cells. As these signals would be transmitted in beam agnostic manner UE is not able to measure individual beam qualities of its serving cell and neighbour cells. 

For neighbour cell measurements it would be beneficial for UE in connected mode to avoid need for reading system information of neighbour cells to be able to obtain more information about the cell. To be able to perform connected mode neighbour cell measurements quickly and efficiently the SYNC signal quality metrics could be used determine whether to obtain further information from candidate cell. Neighbour cell system information could be provided e.g. via serving cell.

Observation 4: SYNC signal could be used in connected mode mobility measurements
Proposal 2: Consider the use of SYNC signal for mobility measurements in connected mode
Beam Reference Signals
In NR the cell can be covered by multiple TRPs and each TRP may have one or multiple beams. Once the UE has selected a cell for initial access the network needs to have knowledge which beam or beams can be used for communication with UE. Also as UE may move from the coverage of a TRP to another in a cell the communication beams may change. To facilitate the intra-cell mobility, beam specific Beam Reference Signals should be transmitted periodically in a cell. As the signals are beam specific UE is able to measure and detect different beams and feedback this information to network (serving cell).  

Similar mobility procedures should apply for both single beam and multi beam based deployments as on both cases the mobility is based on BRS signals. 

Observation 5: BRS signals can be used for intra-cell mobility measurements in connected mode

BRS signals should be cell specific and could be determined using cell identity. Cell specific and periodical BRS signals could then be used also for inter-cell mobility measurements. When UE detects a cell and identifies it, it may obtain neighbour cell’s beam configuration to perform beam level measurements on BRS signals and report those to serving cell, if configured to do so.   

For inter-cell mobility it would be beneficial to avoid obtaining SIB level system information from the neighbour cell by decoding the broadcast channel. As discussed above the serving cell could potentially provide neighbour cell information based on PCI.

Observation 6: BRS signals can used for inter-cell mobility measurements in connected mode

Proposal 3: Consider the use of BRS signals for intra-cell and inter-cell mobility measurements in connected mode.
2.3 Measurements on Syncronization Signal

LTE Baseline / RSRP measurements
In this chapter we provide example calculations to understand the potential requirements for NR-SS if it can be considered for measurements. The LTE reference symbol structure (illustrated in the Figure 1) and following measurement assumptions are used to calculate a baseline for NR measurements. RAN4 has used following assumptions when evalautiong RSRP minimum performance requirements:

· 200 ms L1 measurement period

· Five (5) L1 measurement samples are obtained on RS measurements and one value is reported to higher layer as L1 measurement per measurement period

· One measurement sample corresponds to measurements on reference symbols in 1ms period on 6 PRBs, each PRB has 8 reference symbols
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Figure 1. LTE RS structure
NR-SS Periodicity

For NR measurements on synchronization signal, we need to assume some NR-SS periodicity. Periodicity of synchronization singal is directly affecting the cell detection time and thus to the initial access latency so it is a fair assumption to assume at least the LTE periodicity of 5 ms and we assume one sample is provided per measured NR-SS period.  
Number of resource elements in NR-SS 
Currently NR-SS has been agreed to consist of NR-PSS and NR-SSS and should provide at least 504 NR cell IDs . When considering the use of SS signal for RRM measurements, it would be neccesrily to understand what level of accuracy could be obtained through use of SS. As the details of the NR-SS have not yet been agreed, we use LTE PSS/SSS sequence size in terms of RE’s as a starting point. Hence to be able to approximate the accuracy (in AWGN) we calculate the potential available resource elements per SS measurements, assuming SS have length of 62 resource elements (on 72 subcarries). Only one sequence (e.g. SSS) is assumed per measurement sample occasion (due to possible collisions in PSS depending on the assumptions). 

Referring to the LTE section, with a simple calculation with those assumptions one L1 measurement consists of 8 RS x 6 PRB x 5 samples = 240 RE’s per L1 measurement period. To obtain similar accuracy for NR-SS measurements similar amount of RE’s should be provided per L1 measurement sample. If the provided number of RE’s is smalled, the number of L1 measurement samples could be increased (e..g more time) or the NR-SS bandwidth should be sufficiently wide. In case of NR, where different beam architectures should be supported, it migh be challenging to increase the number of L1 measurement samples (e.g. time) hence it would appear to be preferable to increase the bandiwdith. . In table 1 we have calculated the number of RE’s  (assuming 62 RE steps) that can be obtained at different assumptions of the banwdith (or sampling) and compared that to the number of RE’s available in LTE L1 measurement period. 
It can be seen that with the used assumptions we would need to either accumulate the NR-SS samples over 4 occassions or have 4 times wider BW (than with LTE SSS).
Table 1. Bandwidth requirement for comparable measurement accuracy based on the amount of samples:
	Resource Elements 
(REtot)
	Bandwidth extension

(REtot *15kHz)
	Factor vs. LTE (REtot/240)

	310 (62*5)
	4,65MHz
	1,3

	248 (62*4)
	3,72MHz
	1,03

	124 (62*2)
	1,86MHz
	0,5

	62 (62*1)
	0,93MNz
	0.3


Observation 7: Similar accuracy as with LTE could be achieved by using 3.72Mhz wide bandwith for by only one NR-SS 
3
Conclusions

Following observation were made in this contribution:

Observation 1: Cell search and obtaining minimum system information for initial access should be agnostic to beam configuration

Observation 2: Using NR Synchronization signal for cell measurements could simplify and streamline mobility procedures.

Observation 3: NR Cell measurements can be done in beam agnostic manner on SYNC signal, PBCH DM-RS, or SYNC+PBCH DM-RS
Observation 4: SYNC signal could be used in connected mode mobility measurements
Observation 5: BRS signals can be used for intra-cell mobility measurements in connected mode
Observation 6: Cell specific BRS signals can used for inter-cell mobility measurements in connected mode

Observation 7: Similar accuracy as with LTE could be achieved by using 3.72Mhz wide bandwith for by only one NR-SS
Proposals: 
Proposal 1: Consider the use of NR synchronization signal for NR cell measurements in IDLE/inactive mode.
Proposal 2: Consider the use of SYNC signal for mobility measurements in connected mode
Proposal 3: Consider the use of BRS signals for intra-cell and inter-cell mobility measurements in connected mode.
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