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Introduction
In RAN2#95, companies have agreed that NR needs a synchronization signals (like PSS/SSS in LTE) for idle mode operation. It is a common understanding that this “xSS” signal encodes an NR Cell identifier (ID). Concerning the reference signal (RS) to support RRC driven mobility in connected mode, companies have also agreed that there is a need for a non-UE specific RS for measurements that can also be found by the UE without much configuration.
In RAN2#95, the following open issues have also been identified:
FFS1	Is RS in connected the same as "xSS"

FFS2 	What does the non-UE specific RS identify? e.g. Cell, beam, TRP, zone, or something else.
FFS3	Does the UE have to be able to somehow identify a grouping from this identity

In R2-166924 [1], we have described in details the potential differences of ‘xSS’ and the ‘RS’ in terms of periodicity and beamforming configurations. In this contribution, we address the particular issue related to the identifiers that xSS and RS encode and their potential functionalities for the Idle and connected mode operations (especially in the case of RRC driven mobility). Starting from the agreement that the xSS encodes the cell ID, we discuss the different alternatives for the RS identifier type and its possible relation to the cell ID.
Discussion
Configurations of ‘xSS’ (idle) and ‘RS’ (connected)
In R2-166924 [1], we have discussed the benefits in terms of energy efficiency and reduced overhead in using single beam transmissions of the xSS and minimum system information that needs to be broadcasted (i.e. avoidance/minimization of beam sweeping the system information and the xSS). One of the benefits is the possible usage of SFN transmissions of system information. We have also clarified that this single beam transmission of xSS and RS should be possible both in lower frequencies (e.g. below 6 GHz) and higher frequencies, where deployments for high data rates will likely not require the beamforming of the xSS and the minimum system information. Agreements from RAN2#95 concerning the system information distribution also point to the direction of sparse transmissions to enable long DTX cycles (for network energy efficiency).
At the same time, the same TRP transmitting the xSS should also be able to serve active UEs (either as a serving TRP or as a potential neighbour) and therefore transmit RSs so an active UE can perform measurements. In that case, we have explained the benefits in having different periodicity and beamforming properties for the xSS and the RS.
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Figure 1 Example showing the transmission of xSS in two beams (e.g. to improve UL coverage) while RS are transmitted with a different beam configuration
Identifiers for the xSS and the RS
RAN1 has agreed that NR should support both single beam and multi beam deployments. Assuming that the ‘xSS’ encodes an NR cell ID there are multiple alternatives for the connected mode RS identifier.
RAN2 has agreed to study the following solutions for the identifiers encoded by the RS used in connected mode to support RRC based mobility
a. Solution1: RS encodes a cell ID
b. Solution 2: RS encode beam ID without the notion of group 
c. Solution 3: RS encode beam ID with a notion of group
For each of these alternatives one needs to evaluate scenarios with Single beam ‘xSS’ and Single beam ‘RS’, Single beam ‘xSS’ and Multi beam ‘RS’ and Multi beam ‘xSS’ and Multi beam ‘RS’.
In order to define the identifiers for the non-UE specific RS the following scenarios need to be taken into account:
1. Single beam ‘xSS’ and Single beam ‘RS’
2. Single beam ‘xSS’ and Multi beam ‘RS’
3. Multi beam ‘xSS’ and Multi beam ‘RS’
Solution 1: RS encodes a cell ID
In solution 1, both xSS and RS encode a cell ID. In single beam scenarios, cell IDs are assigned as the PCIs in LTE and the UE behaviour in connected and idle would be quite similar compared to LTE. An idle UE camps on a cell, perform cell reselection, access the cell and connect to it. Once in connected mode the UE can detect neighbour cells, using the RS, perform measurements (possibly using the same PSS/SSS or some reference signal derived from it, like the CRS), trigger mobility events and report measurements. Based on these measurements, the network can send an RRC Connection Reconfiguration with a mobility Command so the UE can synchronize and access the neighbour candidates indicated in the message using the PSSS/SSS, which in the current terminology would be the RS.
In the multi-beam scenario, xSS (used in idle) and RS (used in connected) encode the same ID, although they may possibly have different beamforming configurations. In general, as explained in R2-166924 [1], the UE in Idle and/or Connected would detect the same cell IDs. However, fewer beams would be defined to support Idle mode operation. One potential drawback of that solution is the fact that the UE would not be able to distinguish beams in connected mode i.e. it would not be possible to perform measurements and reports per beam. One alternative could be to define a new set of cell ID values for the RS. However, that alternative may introduce a planning problem where a single TRP would need to allocate a cell ID to be used in Idle and possibly a set of additional Cell IDs to serve connected UEs, which could be a problem in terms of the number of identifiers that would need to be allocated.
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Figure 2 Different beamforming configurations for the xSS and the RS(s) transmitting the same cell ID in the multiple beams
For single beam scenarios, RS encoding the cell ID would work as in LTE.
For multi beam scenarios, RS encoding the cell ID has the following limitations:
i. The UE is not able to distinguish multiple beams in a sweeping interval or
ii. Two distinct sets of cell IDs would need to be planned, one set for the Idle mode operation and one set for connected mobility (likely larger).  

Solution 2: RS encodes a beam ID without the notion of grouping
In LTE, a UE detects cells based on the PSS/SSS. An important property of these signals is that a neighbour cell does not need to be in-sync with the serving cell’s signals. Secondly, the UE autonomously detects the neighbour cell IDs (PCI) from an acquired PSS/SSS, i.e., the network does not need to provide a neighbour cell list. UEs typically detect and measure neighbour cells by sampling a short time window (e.g. 5 ms) on the target frequency (which may be the same or different from serving) and search (possibly offline) for PSS/SSS occurrences within that sample. For each detected PSS/SSS, the UE can also perform a measurement using the CRS corresponding to the PCI. The result of that action is a list of neighbour cell IDs and corresponding measurement sample.
In solution 2, each RS used in connected mode encodes a beam ID. In multi-beam scenarios, the UE should be able to detect, measure, report and perform handovers. In order to enable the UE to detect neighbour beam IDs without detailed information, the gNB serving the UE configures the UE with one serving mobility RS (MRS) when entering connected mode. The UE can use the serving MRS to distinguish any other neighbour beam IDs so it can be configured with mobility events and trigger measurement reports based on relative quality between beams.
Since the UE treats each beam individually, it is likely that the UE will be triggered to send measurement reports for beams originating from the same gNB. This is in most cases unnecessary, since the L1/L2 beam management functionality will handle that type of beam updates. However, since the serving gNB understands which MRSs it has transmitted, it can typically avoid RRC reconfigurations.
RS encoding a beam ID enables a similar neighbour detection operation as in LTE, in a single step (i.e. no need of intermediate step).
The network can configure a connected UE with a serving RS to enable the UE to distinguish neighbour beam IDs and perform relative measurements that can trigger measurement reports.
In order to keep the UE complexity for detecting beams equally simple as detecting neighbour cells in LTE, we propose these signals should have similar properties as the PSS/SSS with the primary difference that their time/frequency allocation is not hard-coded in the standard. 
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Solution 3: RSs encode beam IDs with the notion of grouping
In LTE, a connected UE only needs to distinguish individual cells and report their quality (absolute and/or relative) so that the network can send a handover command to the UE. Each cell has its own independent identifier (encoded by PSS/SSS) and, despite the fact that multiple of these cells are associated to the same eNB, the UE does not need to be aware of that. We believe that the same principles should apply to NR i.e., it is sufficient that the RS used for RRC driven mobility only encodes a single identifier i.e. a beam ID without necessarily encoding a notion of group.
In LTE, the UE does not need to be aware that multiple cells belong to group in order to perform measurements and access after a handover command is received.
In NR, the UE does not need to be aware that multiple beams belong to a group order to perform measurements and access after a handover command is received.
What is actually required is that at the network side a serving eNB is aware that a given neighbour cell whose measurements have been reported by the UE belongs to a given neighbour eNB. 
Despite the fact that in order to support RRC driven mobility a connected UE shall not be required to know that beams belong together to some kind of group, we acknowledged that optimizations based on some notion of group could be useful. For example, the notion of group could enable the UE to report measurements associated to best beam from a group or trigger events based on some kind of average in order to reduce the amount of reports. On the other hand, despite potential benefits this is not obvious since the UE should always be connected to the best beam and, in order to avoid ping-pongs, the network knowledge of groups of beams is sufficient (the serving gNB can always average beam quality or prevent a handover to a neighbour beam with spotty coverage before taking handover decisions). A separated question, assuming that some notion of grouping from a UE perspective could potentially be beneficial, is how the UE could be made aware that neighbour beams belong to a group, as noted in RAN2#95. However, before we discuss how the group is encoded RAN2 should first study the use cases from which grouping is necessary from the UE perspective.

In NR, optimizations based on the notion of beam group should be discussed before deciding how/whether grouping could be encoded (e.g. using a cell ID).
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Conclusion
In this paper, the following observations were made:
1. RAN2 has agreed to study the following solutions for the identifiers encoded by the RS used in connected mode to support RRC based mobility
a. Solution1: RS encodes a cell ID
b. Solution 2: RS encode beam ID without the notion of group 
c. Solution 3: RS encode beam ID with a notion of group
For single beam scenarios, RS encoding the cell ID would work as in LTE.
For multi beam scenarios, RS encoding the cell ID has the following limitations:
i. The UE is not able to distinguish multiple beams in a sweeping interval or
ii. Two distinct sets of cell IDs would need to be planned, one set for the Idle mode operation and one set for connected mobility (likely larger).  
RS encoding a beam ID enables a similar neighbour detection operation as in LTE, in a single step (i.e. no need of intermediate step).
The network can configure a connected UE with a serving RS to enable the UE to distinguish neighbour beam IDs and perform relative measurements that can trigger measurement reports.
In LTE, the UE does not need to be aware that multiple cells belong to group in order to perform measurements and access after a handover command is received.

Based on these observation, the following has been proposed: 
1. In order to define the identifiers for the non-UE specific RS the following scenarios need to be taken into account:
1. Single beam ‘xSS’ and Single beam ‘RS’
2. Single beam ‘xSS’ and Multi beam ‘RS’
3. Multi beam ‘xSS’ and Multi beam ‘RS’
NR UEs in connected state should be able to distinguish beam-specific mobility reference signals encoding a beam ID for RRM measurements.
In NR, the UE does not need to be aware that multiple beams belong to a group order to perform measurements and access after a handover command is received.
In NR, optimizations based on the notion of beam group should be discussed before deciding how/whether grouping could be encoded (e.g. using a cell ID).
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