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1 Introduction

During RAN2#94, RAN2 discussed a two level mobility approach and made the following agreements:

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 cel
I.e. although RAN2 agreed on having the concept of a cell in NR, definition/usage is still unclear. 

In this contribution we want to try to progress the understanding of the NR cell concept e.g. in relation to contents of xSS (PSS/SSS/…).
2 LTE mobility in CONNECTED
As discussed during RAN2#94, in LTE we have two basic levels of mobility handling which in this contribution we will call “xSS based” and “RS-set based” mobility:

xSS based:
With xSS based mobility we mean mobility based on UE detecting some neighbouring DL transmissions (possibly from other eNB) based on xSS reception, measuring some common signals (e.g. separate RS or xSS itself), and reporting some identity (e.g. from xSS) and the quality (from the common signal) to the network. 
RS-set based:
With RS-set based mobility we mean mobility based on UE reporting on configured reference signals. I.e. UE just measures/reports the quality on RE’s on which it is configured to measure.

In LTE, xSS based mobility is used for inter-cell mobility. The xSS contains the cell-id (PCI), and the UE reports the PCI together with the cell quality determined based on CRS.

RS-set based mobility is used in COMP scenario 4 (intra-cell). The UE measures on the configured RE’s, which could contain UE dedicated or common RS, and reports the measured quality.

3 NR CONN-ACTIVE: Remove xSS based mobility ?
One could wonder if we can remove one of the two above mechanisms for NR for handling UE’s in CONN-ACTIVE ?  Especially, could we remove the xSS-based mobility mechanism for NR ? I.e. at first glance it would seem possible to always have the network configure the relevant RS-set’s to measure/report on for a UE, regardless of whether the DL transmissions come from the same or different eNB. UE would report the measurement DL quality, which could then trigger intra- or inter-eNB mobility. With this approach we would only need one mobility mechanism i.e. RS-set based mobility.
To answer this question we need to examine the RS-set based mobility in more detail and look at its characteristics, which are described in table 1.

	
	Characteristic
	Strength or Weakness
	Rationale

	1
	Do not need the any identity transmitted over the radio to identify the target eNB/cell/TRP/beam.
	+


	Since the UE reports the quality on RE’s it was configured to measure, and network knows what eNB/cell/TRP/beam was transmitting on that RE (during that time), there is no need for any additional identity to be broadcast on the radio to identify the eNB/cell/TRP/beam. This will reduce “identity overhead” on the radio interface.

	2
	If an optimal RS-set is configured, UE can immediately report quality of quite narrow beams, allowing the UE to immediately be handled by quite optimal beams.
	+


	xSS based measurements may be based on signals transmitted on quite wide beams (e.g. no UE specific analog/digital beam forming) and thus based on UE xSS quality reporting, it would not be possible to configure quite narrow beams to the UE. This problem can be avoided with the RS-set mobility approach if the network succeeds in configuring the UE with optimal reference signals to measure on in the RS-set.

	3
	Network needs to have “perfect knowledge” of what are the relevant DL transmissions (cells, TRP,s beams) that could be observed by the UE in order to configure the relevant RS-set.
	-

	Always configuring an appropriate RS-set will be complicated by:

· Uncertainty in UE location

· Uncertainty on coverage of different DL cells/TRP/beams transmissions
E.g. when new eNBs/cells/TRPs/beams are deployed, or DL coverage from eNBs/cells/beams is different from what network thought, erroneous RS-sets may be configured. Suboptimal mobility/RLF may be the result.

	4
	For inter-eNB mobility, source eNB may have to contact potential target eNBs to know what are relevant RE’s to measure on, or even to activate specific RS’s for this UE to measure on.
	- 
	Will require inter-eNB signalling before potential handover measurements (delay handover).

Due to issue 3, especially in case of small size eNB deployments, a large size source eNB might have contact potentially many small size target eNB’s to enable UE measurements/reporting (i.e. w.r.t. RS to transmit), whereas only one of the contacted eNB’s will actually become the target eNB.  


Table 1: RS-set mobility characteristics
Characteristics 1 and 2 are nice properties of the RS-set mobility approach, however characteristics 3 and 4 are quite severe drawbacks. Especially in case of inter-eNB mobility we consider drawbacks 3 and 4 unacceptable. Furthermore it is currently unclear to us whether the RS-set mobility approach could work in case of unsynchronised DL deployments. So although RS-set mobility may be nice to be used in certain cases (e.g. synchronised, intra-eNB), its drawbacks seem too limiting to remove xSS based mobility for CONN-ACTIVE state. 

As a result we assume that NR will have to support xSS based mobility in CONN-ACTIVE state which leads to the following proposals:
Proposal 1:
NR will support both “xSS based” and RS-set based” mobility in CONNECTED-ACTIVE state.
RS-set based mobility will be mainly handled by lower layers and we expect that details will thus largely be determined/ specified by RAN1. 
For xSS based mobility we make the following proposal:
Proposal 2:
W.r.t. “xSS based” mobility:

a) There will be an identity on xSS that when reported by the UE, can be used by the network to identify an eNB. 

· Identity could e.g. be a PCI. Inclusion of other identities on xSS (e.g. TRP-Id, beam-ID) is FFS.

b) A UE only configured with a carrier frequency to measure on, can find the xSS of neighbouring DL transmissions, obtain the contained identity, determine a related signal quality based on some common signal measurement and report identity + signal quality to the network in RRC.

As listed in table 1, one of the strengths of RS-set based mobility is that (potentially even at inter-eNB mobility), the UE can provide feedback w.r.t. signal quality of quite dedicated beams. This may be an advantage in high frequency systems. I.e. if at inter-eNB handover the UE would only report feedback on quite wide beams, this might mean that we would always have a rate drop after handover. We could further study how to address this situation, e.g. by allowing the UE to also provide RS-set measurement results when providing xSS-based measurement results. However the configuration of the RS-set would not be mandatory to be used by the network, but only to be used in these cases where the network is able, without the drawbacks 3 and 4 listed in table 1, to configure a relevant RS-set.

4 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposals for NR mobility in CONNECT-ACTIVE:
Proposal 1:
NR will support both “xSS based” and RS-set based” mobility in CONNECTED-ACTIVE state.
Proposal 2:
W.r.t. “xSS based” mobility:

a) There will be an identity on xSS that when reported by the UE, can be used by the network to identify an eNB. 

· Identity could e.g. be a PCI. Inclusion of other identities on xSS (e.g. TRP-Id, beam-ID) is FFS.

b) A UE only configured with a carrier frequency to measure on, can find the xSS of neighbouring DL transmissions, obtain the contained identity, determine a related signal quality based on some common signal measurement and report identity + signal quality to the network in RRC.

