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1 Introduction
In RAN2#NRAdHoc, an LS was sent from RAN1 to RAN2 stating that an “always on” RS would be used for RRM measurements by RRC_IDLE UEs. For RRC_CONNECTED UEs, RAN1 has stated that either CSI-RS and/or an RS separately designed would be used if needed [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 over the radio interface 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 1) and is a continuation of [2], where the initial implications of this agreement have been discussed. The discussion is followed up with another paper focusing on 2) [3].
2 [bookmark: _Ref178064866]Discussion
Turning on/off additional RS
In LTE, Cell-Specific Reference Signals (CRSs) are used for RRM measurements by RRC_CONNECTED UEs. Before performing these measurements, the UE first should detect the CRS associated to its own serving cell and potential target candidates. In LTE, the detection process of the CRS requires a minimum amount of RRC configuration from the serving cell, basically the carrier frequency that the UE should search. 
That minimum configuration is possible thanks to the following properties:
· UE knows the position the PSS/SSS is transmitted within the configured frequency carrier
· UE can blindly detect the PSS/SSS 
· UE can autonomously derive the CRS from the PCI 
· UE can easily find the CRS within the frequency carrier since it is transmitted all over the band and in all subframes
Because of these properties, from the network side, there is also no need for inter-gNodeB coordination to enable a UE to detect potential target cells, which could either be neighbor or neighbor candidates.
Observation 1 In LTE, to detect neighbor cells a UE only requires to be configured by its serving cell with the carrier frequency
Observation 2 In LTE, to enable a UE to detect neighbor cells the serving gNodeB does not need to coordination with potential target gNodeB candidates

To enable this minimum level of configurability and inter-gNodeB coordination in LTE, PSS/SSS and CRS needed to be transmitted in known resources by the UE (e.g. hard coded in some fixed resources in the specifications) and UE needed to autonomously derive the CRS from the PCI. However, despite these benefits especially appreciated in RAN2, RAN1 has quite early identified some drawbacks of that design approach of LTE and very early agreements were made in another direction for the physical layer design of NR, as follows:· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

Observation 3 In NR, current RAN1 assumptions leads to more self-contained signals, maximum resource allocation flexibility and minimization of always-on signals

In our view, these NR design principles would likely be difficult to be applicable for the IDLE RS, since the UE should be able to autonomously find cells to camp and perform cell reselection. That has been acknowledged by RAN1 in the current agreements for IDLE RS which be always-on signals and blindly detectable [1].  
Meanwhile, assuming the additional RS for CONNECTED mobility will be designed following at least some of these properties, additional UE configuration and inter-gNodeB coordination compared to LTE will likely be required to enable a flexible resource allocation and minimize the transmission of the RS. At the same time, RAN2 has already expressed some preferences in RAN2#95 in Gothenburg about the design of RS for CONNECTED mobility, where it says that the UE should be able to find it without much configuration.
Observation 4 In NR, additional RS will require more configuration and inter-gNodeB signalling compared to LTE. However, RAN2 has agreed that UE should be able to detect additional RS without much configuration 
In our view, the first step in the direction of minimum configurability that should be easily agreeable is that the additional RS could be turned on and off. That step enables the network to minimize the amount of always on signals and, at the same time, does not necessarily require additional RRC configuration at the UE. Additional inter-gNodeB coordination may be required compared to LTE however, in our view, that can always be kept minimum depending on the network choice.
Observation 5 Switch additional RS on/off does not require additional RRC signalling and inter-gNodeB coordination can always be kept to minimum
Proposal 1 Additional RS should at least be possibly turned on and off 
Notice that the proposal does not address the aspect related to resource allocation i.e. includes either a dynamically configurable RS, possibly UE-specific, or some static RS that could be turned on/off to minimize always on transmission. The next section addresses the aspect related to resource allocation.

Flexible resource allocation 
In our view the RAN1 design principles imply that a flexible resource allocation would be required for the additional RS for L3 mobility. Hence, the UE should not assume that the resources of the additional RS are hard coded in the specifications. In that case, the UE would benefit from the fact that there is an active RRC connection and receive some configuration from the network to know at least in which time/frequency resources the UE should search within a given frequency band.
Proposal 2 RAN2 understanding is that additional RS will not have hard coded resource allocation in the specifications (to be confirmed by RAN1)

A first step to enable this flexibility and keeping the amount of UE configuration and inter-gNodeB coordination possibly to a minimum would be assume that the UE is instructed by the network with the time domain information that it should search the RS (assuming the frequency domain is still known and hard coded). That is already the case in LTE with the Discovery Reference Signal (DRS), introduced in Rel-12 and re-used in Rel-13 for LAA. While the solution was developed in 3GPP it became clear that DRSs would not have to be transmitted in all subframes i.e. they could be sparse in time and confined in frequency and still support properly RRM measurements. It is then fair to say that the flexibility in the time domain would not introduce additional UE configuration compared to LTE.
Observation 6 Transmitting the additional RS in flexible time-domain resources does not require additional RRC signalling compared to LTE and additional inter-gNodeB coordination can always be kept to minimum
Proposal 3 As in LTE, UE should be possibly configured with the DMTC window of additional RS

A second step would be to configure the UE with the frequency resources it should search the additional RS once it gets goes to RRC_CONNECTED and/or performs a handover. In that case, the amount of RRC re-configurations could always be limited by the network to the same level as in LTE if the resource allocation does only change in a deployment and/or in an OAM time scale. Hence, one can also say that the inter-gNodeB coordination can, in principle, always be kept to a minimum value depending on how dynamic neighbors change their frequency resource allocation. In principle, such a configuration is not something new, since in LTE the UE can be configured to perform RRM measurements based on CSI-RS (events C1 and C2). 
Observation 7 Transmitting the additional RS in flexible frequency-domain resources does not require additional RRC signalling compared to LTE and inter-gNodeB coordination can be kept to a minimum
Proposal 4 As in LTE, UE should be possibly configured with the frequency resources to search additional RS 
[image: ]
Figure 1 Example transmission time-frequency location of additional RS.
In summary, the flexibility to allocate the additional RS in time and frequency does not necessarily increase the amount of RRC signalling and inter-gNodeB required coordination, which will always be a network choice depending on how dynamic the resource allocation should be. Since these aspects are primarily RAN2 issues, we propose to notify RAN1 with the observations and proposals stated in the paper.
Proposal 5 Send an LS to RAN1 about the RAN2 implications in terms of RRC signalling and inter-gNodeB coordination concerning additional RS

Way forward
This contribution has discussed the UE being configured with time and frequency resources the additional RS is transmitted. In addition to that, another aspect to be further discussed is how aware the UE should be about the RS sequence to be searched. There could be two different approaches with different pros and cons that should be further studied. A first approach is to only configure time/frequency and let the UE blindly detect the sequences, similarly to how in LTE a UE detect cells. Another approach would be to provide the UE with the exact RS sequence to be searched. In our view, that should be further discussed once RAN1 has progressed a bit further in their initial discussions on additional RS.
Another aspect is the relation between the additional RS and cells in NR, and how the UE can derive cell-based measurements based on the additional RS and/or IDLE RS. That will be discussed in a follow up contribution [3].
Conclusions
In this contribution the following observations have been made:
1. [bookmark: _In-sequence_SDU_delivery]In LTE a connected UE is able to detect cells and measure CRS without the need of RRC configuration or inter-eNB coordination
1. Conveying the association between beams and cell ID (e.g. via dedicated signalling) does not necessarily increase the number of RRC configurations compared to LTE
1. Conveying the association between beams and cell ID (e.g. via dedicated signalling) does not necessarily require complex and/or frequent inter-gNB coordination
1. Current RAN1 agreements indicate that RSs used for RRC_CONNECTED should be transmitted sparse in time, confined in frequency and more configurable
1. Conveying the time and frequency resources for the UE to detect and measure beam-specific RSs does not necessarily increase the number of RRC configurations compared to LTE 

Based on these observations the following has been proposed: 
1. The association between cells and beam-specific / additional RSs used for RRC_CONNECED shall not limit the number of distinguishable beams defined per cell ID
1. NR should support a flexible allocation of beam-specific / additional RSs per cell identifiers i.e. beam IDs could be reused across cells with different IDs
1. NR should not require more RRC signalling (e.g. RRC re-/configuration) than LTE to enable the UE to detect beam-specific additional RSs for the serving and neighbour cells
1. It should be evaluated whether the mapping between beam-specific / additional RSs and the cell identifiers should be conveyed via system information or via dedicated signaling
1. The additional RS should be detectable also when transmitted from a node previously unknown to the serving node.
1. It should be evaluated whether the time and frequency resources of beam-specific / additional RSs should be conveyed via system information or via dedicated signalling
1. The network should have the flexibility to choose between i) reduce the inter-gNB signalling by using a default configuration for additional RSs or ii) increase the resource allocation flexibility of RSs by providing the UE with specific configuration
1. The network should be able to configure the UE with at least T/F resources to search additional RSs otherwise a default configuration should be assumed by the UE (FFS how a default configuration should be defined)
1. The same measurement object should be used for configuration of IDLE RS measurements and additional RS measurements.

3 Conclusions
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