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1 Introduction
In RAN2#94, the Mobility aspect was discussed and the following was agreed:
Agreements:


1 NR eNB corresponds to 1 or many TRPs

Agreed requirements


2: 
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.


3: 
For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.


4
Minimise context move as a consequence of UE based mobility.

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

2: Zero/Minimum RRC involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cell

In RAN1#85, the following agreement was made in relation to initial access:
	· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal

· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible



With the consideration of previous RAN2 and RAN1 works, this contribution discusses several aspects of initial access and mobility in RAN1 perspective.
2 Cell Definition for Initial Access and Mobility
The Cell Search for NR is the first step to acquire time/frequency synchronization and system information before data communication occurs. Typically, initial access procedure may comprise Cell Search and RACH procedures. Thus, as the Cell Search refers to the unit for finding ‘cell’, it is deemed necessary to discuss the definition of the ‘cell’ while considering various NR deployment scenarios.

In LTE, on the given carrier frequency, a cell has been assumed as an individual entity for Tx/Rx although there has been no clear definition. For instance, an eNB may comprise multiple sectors and/or multiple TPs. The individual entity for each sector and/or TP is called a cell and a PCID (Physical Cell ID) is assigned for the individual entity (i.e. sector and/or TP). In consequence, the specification only describes ‘cell’ although the study assumed many practical deployment scenarios such as sectorization, small cell scenario (with the same/different PCIDs among the TPs within a macro cell area which are often referred by CoMP Scenario 3/4) and so on. In addition to the existing PCID, a further ID for CSI-RS has been configured to distinguish the different TPs in Rel-12 small cell enhancement WI and recently configurable ID for PRS has been agreed in Rel-14 indoor positioning WI. Both were mainly motivated by the same PCID scenarios within a macro cell area.
In NR, the same assumption can hold – on the given carrier frequency, a cell is defined as an individual entity such as a sector, a TRP (Transmission and Reception Point), and so on. Each sector/TRP ID can be tied with a PCID. In this case, we might face the similar issue in the future to what we experienced in LTE – e.g. there could be some cases later that we might need to decouple TRP ID from PCID. One example for a ‘Cell’ would be based on the same assumption as LTE – i.e. a ‘Cell’ is defined for individual TRP. The other example would be based on the assumption that a ‘Cell’ comprises one or multiple TRPs. Additional domain of ‘beam’ (identified by BID (Beam ID), for instance) considering beam operation can be further considered on top of such Cell ID and TRPID.
At any case, as long as the principles are commonly understood among the people, the terminology itself may not be so important and we can update the terms any time. For the time being, at least in this contribution, we will assume the same definition of ‘cell’ in order not to be confused with the conventional cell definition in LTE.

Note:  A Cell for NR is assumed an individual TRP as similar to LTE, for further discussion in this contribution.

We discuss two options for initial access and mobility in conjunction with the Cell definition discussed above – (1) TRP/Cell based approach and (2) Overlaid-Cell (which comprises one or multiple TRPs) based approach.
Figure 1 illustrates Option 1 (TRP/Cell level approach) for initial access and mobility. During the ‘Cell Search’ procedure, UE tries to find a Cell/TRP carrying individual Cell/TRP ID. The different NR PSS/SSS/PBCH/SIB1 (note: we simply shorten the other SI after the system information SIB1 for easier discussion) are carried from each TRP. The RRM measurement and handover can be based on each TRP. In high speed UE, the more frequent handover is expected and thus the higher layer signalling will be involved at every handover event. The overhead resulting from handover may be increased as such and in LTE Hetnet mobility study it shows that handover failure can more frequently happen when the target cell is a small cell. The beam sweeping can be considered during initial access on synchronization signals especially for >6GHz frequency – though, an independent RS needs to be supported for fine granularity of the beam sweeping (e.g. by TRP-specific RS). The UE specific or TRP specific data transmission can be based on Cell/TRP potentially by using beamforming operation. It is observed that with TRP/Cell level approach:
· All channels/signals rely on TRP/Cell specific transmission.

· Cell Search implies that UE tries to find individual TRP/Cell ID.

· The RRM measurement for handover is based on TRP/Cell level and the handover is performed across TRPs.

· In high speed UE, more handover event may happen and the corresponding signalling overhead may be increased.

· TRP/Cell specific beamforming/sweeping operation can be applied during initial access procedure.

· Due to independent signal/channel from different TRPs/Cells, SFN (Single Frequency Network) gain from multiple cells may not be expected.

· RSRP/RSRQ measurements for handover are based on TRP-specific RS possibly with beam sweeping operation (i.e. RSRP/RSRQ per beam).

· As TRP ID is tied with PCID, the flexibility of reconfiguration for TRP/Cell ID is limited.
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Figure 1 Option 1 – TRP/Cell level approach for initial access and mobility
Figure 2 illustrates Option 2 (Overlaid-Cell level approach) for initial access and mobility. An Overlaid-Cell comprises one or multiple TRPs. During the ‘Cell Search’ procedure, UE tries to find an Overlaid-Cell carrying Overlaid-Cell ID. As one example, a common NR PSS/SSS/PBCH/SIB1 are carried from all TRPs and UE would receive the signal/channel in a composite manner within the Overlaid-Cell which can exploit SFN gain from different TRPs. The system information can be minimized as the very essential system information. The RRM measurement and handover can be based on each Overlaid-Cell, which could potentially minimize the handover event in high speed UE with heavy signalling overhead since the handover will only happen across the different Overlaid-Cells. In general, in order to leverage SFN gain due to the same data/signal transmission from the different TPs within the Overlaid-Cell, a relatively larger beamwidth might need to be used during initial access procedure. Likewise in Option 1, an independent RS needs to be supported for beam acquisition (e.g. by TRP-specific RS). The UE specific or TRP specific data transmission can be based on Cell/TRP potentially by using beamforming operation. It is observed that with Overlaid-Cell level approach:
· NR PSS/SSS/PBCH/SIB1 are based on Overlaid-Cell specific transmission while the other channels/signals can be TRP/Cell specific.

· Cell Search implies that UE tries to find the Overlaid Cell.

· The RRM measurement for handover is based on Overlaid-Cell level and the handover is performed across Overlaid-Cells.

· In high speed UE, less handover event with corresponding less signalling overhead is expected.

· In order to exploit SFN gain within an Overlaid-Cell, a relatively larger beamwidth might need to be used during initial access procedure.
· Such robust channel using SFN without beam operation can be used potentially for fall-back operation of beam based data transmission.

· Potentially more flexibility is expected by reconfiguring TRP ID per TRP.

[image: image2.emf]TRP1

TRP2

TRP3

UE#1

UE#2

UE#3

•

TRP!=Cell (Decouple Cell ID from TRP ID)

•

Cell Search (NR PSS/SSS/PBCH/SIB1) and mobility based on overlaid cell

•

Basic system information acquisition and data communication are based 

on overlaid cell and TRP, respectively.

TRP: Transmission and Reception Point

Cell: Unit for mobility

Overlaid Cell #1


Figure 2 Option 2 – Overlaid-Cell level approach for initial access and mobility
Table 1 summarizes the comparison between Option 1 (TRP/Cell level approach) and Option 2 (Overlaid-Cell level approach).
Table 1 Comparison between Option 1 (TRP/Cell level approach) and Option 2 (Overlaid-Cell level approach)

	
	Option 1: TRP/Cell level approach
	Option 2: Overlaid-Cell level approach

	TRP based Tx
	All channels/signals
	All others than PSS/SSS/MIB/SIBx

	Overlaid Cell based Tx
	N/A
	PSS/SSS/MIB/SIBx, (potential) fall-back mode/schemes

	Handover
	TRP based
	Overlaid Cell based

	Signaling overhead for measurement/HO in high speed
	Potentially larger
	Potentially smaller

	HO frequencies in small cell
	Potentially more often
	Potentially less often

	SFN gain
	Not applicable
	Applicable

	TRP ID acquisition
	Via NR PSS/SSS
	Via TRP specific RS possibly with assistant information from PBCH/SIBx

	RSRP/RSRQ for mobility
	On PSS/SSS/TRP specific RS
	On PSS/SSS/Overlaid-Cell specific RS

	TRP ID reconfiguration
	Fixed
	Flexible


Proposal 1: RAN1 to further study at least the following two options for initial access and mobility: Option 1 (TRP/Cell level approach) and Option 2 (Overlaid-Cell level approach)
3 RACH Procedure
There may be some different options for RACH procedure depending on the assumptions. For instance, assuming UE Rx beam detection is available at UE during Cell Search, if UE supports reciprocity, the detected beam can be used for Msg1 transmission (PRACH preamble transmission) with UE Tx beamforming in TDD. If UE Rx beam sweeping/detection is not supported during the Search, Msg1 transmission may rely on UE Tx beam sweeping instead if UE wants to apply Tx beamforming. There are many other aspects we can consider, and thus in this contribution as initial step we try to identify some aspects we have to consider rather than the detailed design options for RACH procedure.
UE reciprocity

If UE has a capability to support reciprocity and if UE is able to detect UE Rx beam in Cell Search, the detected beam can be used for UE Tx beamformig for UL transmission (e.g. Msg1 transmission). If UE does not have a capability to support reciprocity, the UL transmission needs to potentially consider UE Tx beam sweeping to identify best UE Tx beam. Therefore, the detailed designs will be dependent on the assumption of the capability of reciprocity at UE.
Proposal 2: RAN1 to agree the assumption on UE reciprocity in determining RACH procedure.

eNB reciprocity

If eNB has a capability to support reciprocity, the eNB may be able to apply Tx beamforming based on received signal/channel from UL reception. For instance, eNB may be able to find the preferred Rx beam based on UL channel/signal (e.g. Msg1) and such detected Rx beam at eNB can be used for eNB Tx beam (e.g. for Msg2). Since whether or not to support eNB Rx beam sweeping will affect the design of Msg1, the assumption of eNB reciprocity needs to be agreed.

Proposal 3: RAN1 to agree the assumption of eNB reciprocity in determining RACH procedure.

UE reporting for the detected eNB Tx beam
When/where UE reports the detected eNB Tx beam may be dependent on the exact initial access procedure. For instance, as discussed in Section 2, if Option 1 (TRP/Cell level approach) with eNB Tx beam sweeping is assumed, the reporting on the detected eNB Tx beam can be reported by Msg1 or Msg3. If Option 2 (Overlaid-Cell level approach) is assumed, the reporting on the detected eNB Tx beam can be reported in the later stage by measuring beam specific reference signal. The potential duplication of such reporting procedure also needs to be further studied. Therefore, this issue also needs to be discussed once the overall frame work for initial access is decided.
Proposal 4: RAN1 to further discuss the option how to report the detected eNB Tx beam depending on the agreements in other aspects such as Cell definition.

Mobility support during initial access and handover

In general scenarios for designing initial access and handover, UE speed needs to be considered. For instance in LTE, there was the requirements in [1] that the system shall support mobility across the cellular network for various mobile speeds up to 350km/h. Initial access is the earliest step before real data service, it is important to ensure the supportability in such high speed case. For instance, when PRACH was designed in LTE, a cyclic shift restriction (high speed flag) was introduced considering the high speed case covering up to 1.25kHz dopper frequency – later in Rel-14, the WI of performance enhancement of high speed scenario is being worked in [2] in order to support up to 750km/h, which may require to update the PRACH preamble sequence generation accordingly further. Therefore, it is deemed necessary to clarify up to how much UE speed needs to be supported in designing initial access (also handover) in general.

For NR [3], the requirement for mobility is stated that the target for mobility target should be 500km/h. Therefore, the supportability to fulfil the NR requirement needs to be considered in initial access and handover. In addition to potential design impact as discussed in LTE example, beam tracking operation in initial access and handover (if supported) also needs to be discussed together. For instance, when UE is close to eNB and UE is moving towards the direction perpendicularly to the eNB, the beam tracking may not be always available. Once again, initial access needs to be at least supportable since it is the earliest step before any data communication.
Figure 3 shows the high speed analysis according to the different UE speed assumption. We look at the elapsed time from peak main lobe of beamforming to 3dB loss. UE is assumed to move towards the direction perpendicularly to the eNB. X-axis represents the distance between eNB and UE, and Y-axis represents elapsed time to lose the signal by 3dB. NTX is the number Tx antennas for evaluating beamforming. It is noted that the starting point of the evaluation is quite optimistic by assuming the best beam selection at the time for eNB Tx beam detection, but in general the detected beam may not be corresponding to the peak lobe.
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(a) UE speed = 30km/h                                                                 (b) UE speed = 120km/h
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(c) UE speed 300km/h
Figure 3 High speed analysis – elapsed time from peak main lobe to 3dB loss of link budget according to different UE speed
Proposal 5: RAN1 to agree how much UE speed needs to be assumed in designing initial access and handover.

4 Conclusions
This contribution discussed the several aspects on NR initial access and mobility. Based on the discussions, our views are summarized:
Note:  A Cell for NR is assumed an individual TRP as similar to LTE, for further discussion in this contribution.

Proposal 1: RAN1 to further study at least the following two options for initial access and mobility: Option 1 (TRP/Cell level approach) and Option 2 (Overlaid-Cell level approach)
Proposal 2: RAN1 to agree the assumption on UE reciprocity in determining RACH procedure.

Proposal 3: RAN1 to agree the assumption of eNB reciprocity in determining RACH procedure.

Proposal 4: RAN1 to further discuss the option how to report the detected eNB Tx beam depending on the agreements in other aspects such as Cell definition.

Proposal 5: RAN1 to agree how much UE speed needs to be assumed in designing initial access and handover.
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