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Introduction
In RAN2#NRAdHoc, in Spokane, an LS was sent from RAN1 to RAN2 stating current assumptions on RS for IDLE and CONNECTED mobility [1]. After discussions, RAN2 stated its understanding that there will be some form of additional RS to be used by the RRC_CONNECTED UEs for RRM measurements in addition to the IDLE RS. One of the major potential issues of relying on an additional RS for RRM measurements in RRC_CONNECTED raised by some companies was be possibly high amount of RRC re-configurations and the frequent inter-gNB signalling that could be generated.

To address these concerns, RAN2 has agreed to study the implications of this agreement as follows:
1 Study the inter-gNB coordination required for UE-specific and/or cell-specific additional RSs for RRC_CONNECTED UEs and their usage (e.g. turning on/off BRS/MRSs, scheduling of CSI-RSs, exchange of RS resource allocation, etc.)
2 Study the required RRC configuration and inter-gNB coordination necessary required to map cell ID and the additional RSs if additional RS does not encode cell ID





This paper addresses 2) and is a continuation of [2], where mainly detection aspects were addressed.
[bookmark: _Ref178064866]Discussion
Association between cells and additional RS
In LTE, Cell-Specific Reference Signals (CRSs) are used for RRM measurements in RRC_CONNECTED. The UE first detects a cell ID and based on that derives a 1-to-1 mapping between physical cell ID (PCI) and the CRS sequence. In other words, the UE is required to be provided with minimum configuration in LTE to detect the RS used for RRM measurements. That is possible thanks to the fact that the UE can blindly detect PSS/SSS encoding the cell ID only knowing the carrier frequency, autonomously derive a CRS sequence based on a blindly detected cell ID and assume that CRSs are transmitted all over the band and in all subframes (i.e. UE does not need to be informed about the resources where these RSs are transmitted for the serving and neighbour cells). In LTE, inter-eNB coordination is not required so a UE connected to one eNB can detect and measure on CRSs from other eNB.
In LTE a connected UE can detect cells and measure CRS without the need of RRC configuration or inter-eNB coordination






In NR, different from LTE, RRC_CONNECTED UEs shall rely on RS that are beamformed in different directions. In RRC_CONNECTED these beams or directions shall also be distinguishable by the UEs. In RAN2#95bis, it has been discussed how to derive the quality of a cell that is a handover candidate and the following has been agreed:
1	For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)
FFS how to combine beam measurements to a cell level single quality

Assuming that an RRC_CONNECTED UE can either be configured with the IDLE RS or an additional RS, there could be different ways to enable the UE to perform cell based measurements.
If an RRC_CONNECTED UE is configured to perform RRM measurements on the IDLE RS, the UE would automatically associate the IDLE RS to the cell ID. RAN1 agreements indicate that regardless of the final choice for IDLE RS, it will contain at least the NR synchronization signal(s) that encodes the cell ID. Hence, even if that is transmitted in periodic beam sweeping manner the automatic association would potentially not require any extra configuration to the UE. Filtering aspects of that i.e. how these are average in L1 or L3 are further discussed in [3].
If an RRC_CONNECTED UE is configured to perform RRM measurements on the IDLE RS, the UE would automatically associate the IDLE RS to the cell ID
Notice that in that scenario there is no need for additional RRC signalling and/or inter-gNodeB coordination to enable the UE to derive the cell ID and perform cell based measurements.

However, if an RRC_CONNECTED UE is configured to perform RRM measurements on additional RS, different alternatives should be further discussed. One possibility could be to assume that the additional RS is designed like the CRS in LTE i.e. the UE can derive a unique (at least locally) 1-to-N mapping between the PCI and multiple beamformed RS sequences that are hard coded in the NR standard. Such a solution would likely introduce a hard limit in the number of sequences / beam identifiers per cell ID and/or the overhead could become unreasonable. In that case such a solution would clearly lack future proofness. This is very much into the RAN1 scope, although the following requirement should be considered:
The association between additional RS and NR cells shall not limit the number of distinguishable beams defined per cell ID

One way to avoid that limiting hard coded association could be to define a configurable mapping between the sequences encoded by additional RS and the NR cells. In that case, implicit or explicit beam identifiers (e.g. resource indication or explicit beam ID) could simply be reused across cells using different cell IDs.
NR should support a flexible allocation of identifiers of additional RS per cell ID

To enable this flexible allocation, the UE would need additional steps compared to LTE. One possible way to convey to the UE the association between additional RS and cells is via dedicated signalling. In that case the UE could be configured at least with a set of beamformed additional RSs associated to the serving cell. The connected UE would automatically know that all other detected RSs belong to non-serving cells. In RAN2#95bis, many companies expressed the wish to enable the UE to group beams from neighbour cells too. It is our understanding that this might be useful in some cases so the UE should be able to identify that mapping via dedicated signalling too. 
In RAN2#94, companies have also agreed that measurement configuration should be minimized, as stated below:
	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.

However, although this mapping between cell identifiers and implicit or explicit beam identifiers is flexible, it is not required to be dynamic. In other words, a UE connected to a cell could receive only one configuration once it enters that cell. Hence, the flexible association between cell and additional RS does not require additional RRC signalling. Inter-gNodeB coordination, in principle, may also always be kept to a minimum, if the mapping does not change or changes in an OAM or deployment time scale. In the ultimate case, it could be a network choice depending on aspects such as backhaul quality. 
A flexible association between cell and additional RS does not require additional RRC signalling compared to LTE
A flexible association between cell and additional RS does not require complex inter-gNodeB coordination
Dedicated signalling should enable an RRC_CONNECTED UE to associate sets or groups of additional RS identifiers (implicit or explicit) to its serving cell and neighbour cells. FFS how the detailed signalling is defined

While in the case of the serving set the serving cell could simply inform the UE the sequences and resources that are transmitted, in the case of neighbour mappings, additional issues should be further discussed since that might require that each gNodeB would need to inform each other which set of RS sequences are being used and/or network planning for groups of sequences per cell could also be necessary. Different alternatives have been earlier presented in RAN1 such as the following:
· Option a/ Transmitting the RS sequences in cell-specific time/frequency resource and configure the UE only with cell ID and the T/F mapping
· Option b/ Allocate ranges of identifiers per cell ID and configure the UE only with cell to T/F resource mapping
· Option c/ Mapping encoding the cell ID for every RS sequence that is transmitted 

Another aspect that should be further discussed is whether the UE should be able to assist the network to define neighbour relations based on these additional RS, otherwise the applicability of additional RS would be limited to only known neighbours.
Further study whether the UE should be able to assist the network to build neighbour relations on additional RS or not

Way forward 
Although we propose to transmit the mapping between cells and additional RS via dedicated signalling, it should be further discussed what the detailed configuration looks like is. In our understanding that depends on the way the additional RS is designed in RAN1. For example, one could envision this RS to be extremely flexible so that the UE is configured with time, frequency resources and/or the exact set of sequences to search and the association to each neighbour cells. In another possible design the UE is informed with group of IDs that could be blindly detected and cells association so that the detection of a given ID indicates to which cell that beam belongs to. All these options are still being discussed in RAN1.
A follow up paper continue the discussions on triggering of measurement reports and mobility events for IDLE RS and additional RS. 

Conclusion
In section 2 we made the following observations:
Observation 1	In LTE a connected UE can detect cells and measure CRS without the need of RRC configuration or inter-eNB coordination.
Observation 2	If an RRC_CONNECTED UE is configured to perform RRM measurements on the IDLE RS, the UE would automatically associate the IDLE RS to the cell ID.
Observation 3	A flexible association between cell and additional RS does not require additional RRC signalling compared to LTE.
[bookmark: _GoBack]Observation 4	A flexible association between cell and additional RS does not require complex inter-gNodeB coordination.

Based on the discussion in section 2 we propose the following:
Proposal 1	The association between additional RS and NR cells shall not limit the number of distinguishable beams defined per cell ID.
Proposal 2	NR should support a flexible allocation of identifiers of additional RS per cell ID.
Proposal 3	Dedicated signalling should enable an RRC_CONNECTED UE to associate sets or groups of additional RS identifiers (implicit or explicit) to its serving cell and neighbour cells. FFS how the detailed signalling is defined.
Proposal 4	Further study whether the UE should be able to assist the network to build neighbour relations on additional RS or not.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref473805190][bookmark: _Ref174151459][bookmark: _Ref189809556]R2-1700648 LS on NR Mobility, RAN1, 3GPP TSG-RAN WG2 NR AdHoc, Spokane, USA, 17th – 19th January 2017.
[bookmark: _Ref473896053]R2-1700857	Configuration and inter-gNodeB coordination in CONNECTED for IDLE RS and additional RS, Ericsson, 3GPP TSG-RAN WG2 N#97, Athens, Greece, 13th – 17th February 2017.
[bookmark: _Ref473895013]R2-1700861	Filtering of RRM measurements in CONNECTED, Ericsson, 3GPP TSG-RAN WG2 N#97, Athens, Greece, 13th – 17th February 2017.
R2-1700859 RRC measurement report triggering, Ericsson, 3GPP TSG-RAN WG2 N#97, Athens, Greece, 13th – 17th February 2017.
	2/4	
