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Introduction
In RAN2#95, concerning the usage of synchronization signals (like PSS/SSS in LTE) at least used by Idle UEs, companies have agreed that:
· There is an "xSS" (similar as LTE cell specific RS).
· On the "xSS”, there is at least a NR Cell Id.
Concerning the synchronization signal(s) to support RRC-based mobility (to obtain sync and perform RRM measurements) used by connected mode UEs companies agreed that:
…
1	In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)

2	The non-UE specific RS can be found by the UE without much configuration

3	The non-UE specific RS encodes an identity

FFS1	Is RS in connected the same as "xSS"
…

In this contribution, we discuss the characteristics of the “xSS” signal to support Idle mode operation (e.g. for initial access, system information acquisition, UE-based mobility, etc.). We explain that in order to achieve energy efficiency mechanisms (e.g. long DTX) and reduce the system information overhead (e.g. by enabling SFN transmissions) the “xSS” should be defined in such a way that additional transmissions(s) are needed to support RRC driven mobility in connected mode i.e. via the Reference Signal (“RS”) mentioned in the RAN2 agreements.
[bookmark: _Ref178064866]Discussion
Idle mode operation and ‘xSS’ transmission
In LTE, an Idle UE camps on the best cell, defined by its synchronization signals, PSS/SSS. Upon detecting and synchronizing with the PSS/SSS, the UE knows the cell ID (PCI) and is able to acquire system information and access the cell.
The PSS/SSS in LTE is transmitted every 5 milliseconds (ms). That ensures, for example, that a UE may detect and measure a neighbour cell by searching for PSS/SSSs within an arbitrarily placed time window of 5 ms. However, in case of unlicensed spectrum operation in the 5GHz band, such frequent transmissions are not allowable at times when the base station does not have any user data to transmit. Similarly, the Small-Cell-On/Off feature introduced in Rel-12 defines so-called Discovery-Reference-Signals (DRS), recurring every 40, 80 or 160 ms that UEs use to detect and measure the cell. Intermediate PSS/SSS occasions are suppressed when UEs are not actively transmitting or receiving data from the cell. 
In LTE, means have been introduced to make periodic transmissions (in an otherwise idle system) sparse. While sparse transmissions may not be usable in all scenarios and deployments, it was found to be feasible in particular when operating in unlicensed spectrum and for cell discovery.
In addition to the reduced interference, sparse transmissions may allow the network to apply long DTX cycles for energy efficiency. That is particularly important in situations with low traffic activity - which happens to be the case 90% of the time in 90% of all cells as explained in R2-164003 [1]. In NR, some steps have been taking in the direction of sparse transmission of signals to support idle mode procedures. The TR 38.913 (Study on Scenarios and Requirements for Next Generation Access Technologies) contains requirements and design targets related to network energy efficiency for NR [2]. RAN2, in particular, has also taken steps in that direction has agreed on the following concerning system information distribution in NR:
2	System information broadcast should allow configurations that enable network energy efficiency (e.g. by long DTX durations)

RAN2 has agreed that system information broadcast should allow configurations that enable network energy efficiency (e.g. by long DTX durations)
A direct consequence of that agreement is that the periodicity of signals transmitted primarily to support Idle mode procedures should be configurable to allow long DTX durations e.g. 100ms. As described in the RAN2 agreements, the idle mode synchronization signal ‘xSS’ is one of these signals (as well as the minimum broadcasted system information). At the same time, idle mode procedures such as cell selection, cell reselection, system information acquisition and initial access shall still be able to fulfil NR requirements.
Therefore, it is crucial that RAN2 procedures are designed under the assumption that signals supporting idle mode operation (such as the ‘xSS’ described in the RAN2 agreements) allow configurations with long DTX cycles e.g. 100ms. 
To support long DTX cycles in NR, idle mode synchronization signals such as the ‘xSS’ should be configurable to operate with long DTX cycles (e.g. 100ms).
As in LTE, to fulfil the requirements on idle mode procedures with sparsely transmitted synchronization signals, additional functionality may have to be introduced on the network side. For instance, the network may provide a measurement window, similar to the DMTC window in LAA, to aid the UE during cell reselection by ensuring that all relevant idle mode reference signals are transmitted in that configured measurement window.
Idle mode (and/or inactive) procedures in NR should natively support operation with sparsely transmitted reference signals (e.g. ‘xSS’) and system information. The necessary periodicity may depend on the deployment scenario but periodicities of up to at least 100ms should be supported.
Connected mode mobility and ‘RS’ transmissions
In connected mode, some handover scenarios require frequent transmissions of signal(s) among other things to ensure good handover performance to both enable the UE to synchronize with a neighbour cell (unless tightly synchronized with the serving cell), perform RRM measurements and trigger timely measurement reports. In LTE this is achieved by the transmission of the PSS/SSS with a 5ms periodicity and cell-specific reference signals (CRSs) transmitted in all subframes.
An NR UE in connected mode, as in LTE, also needs to synchronize with a neighbour TRP, perform RRM measurements and trigger timely measurement reports to support RRC driven mobility. In connected mode, the concern of network energy efficiency is not the same as in the previously described case since the presence of active UEs will anyway enforce the network to disable the long DTX cycles. Therefore, transmission of the RS to support RRC driven mobility can be more frequent than the xSS, assuming these could be different signals.
Connected mode synchronization signals (‘RS’) may need to be more frequently transmitted.
Another property in LTE is that a connected UE is able to detect neighbour cells in the same carrier frequency as the serving cell if the SINR of PSS/SSS/CRSs of the serving and neighbour cells are in the UE’s receiver’s dynamic range. An additional requirement is that also the data transmissions of the serving and neighbour cells must be within the dynamic range in order not to hide the reference signals that the UE intends to measure. In LTE this is the case since data channels are not subject to massive beamforming and hence their SINR is similar as that of the of PSS/SSS/CRSs
In LTE, a UE is able to detect and perform measurements of neighbour cells at the same time it can decode data/control channels.
According to agreements from RAN1#85, NR should enable full use of advanced antennas supporting both analog and digital beamforming (to provide extended coverage, increased cell-edge throughput, and improved capacity). Therefore, it is straightforward to assume that data channels of UEs in active mode will always be transmitted with high gain beamforming, especially in the high frequency deployments. To enable simultaneous reception of the data signal and the synchronization signal, they must be received at the UE with similar powers. To be more precise, the received power of both signals must fall inside the dynamic range of the UE receiver. This situation is depicted in Figure 1.
In NR, when data/control channels are beamformed, the RS used to support RRC driven mobility (i.e. to provide synch and enable RRM measurements) shall also be beamformed.
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Figure 1 Received power of the data/sync signal must fall in the dynamic range of the UE receiver.
Deployment flexibility in NR
In the previous sections, we have observed that the
· Network energy efficiency requires the sparse transmission of the xSS (for Idle operation)
· Neighbour detection requires the beamforming of the RS (for RRC driven mobility)
Here we describe some potential solutions to address these two challenges and start to respond to the question “Is RS (connected) the same as the ‘xSS’?”.
Configurable periodicities
One possible solution to enable long DTX cycles when low traffic could be the sparse transmission of idle synchronization signal(s) “xSS” in areas and/or periods of the day and/or groups of radio frames without active UEs and more frequent transmissions as soon as any connected UE needs to be served. Steps in that direction have already been taken in LTE for the small cell enhancements work, where the PSS/SSS was sparsely transmitted on a carrier, which had not been activated by any UE. Additional PSS/SSS are transmitted when the carrier is activated in at least one UE.
When high gain beamforming needs be supported, one would always need to beam sweep in the same way the RS (connected), the xSS and the system information to actually solve the problem of RRC driven mobility. By doing that we increase the system information overhead and disable further enhancements in terms of energy efficiency e.g. via SFN transmissions of system information for the sake of enabling a proper RRC driven mobility solution. In order words, one cannot separate concerns. If more beams need to be configured for mobility, we are forced to configure the same beams for initial access, even though the requirements can be completely different. In idle, signals could be sweep in much longer intervals and wider beams to improve PRACH coverage while in connected mode, more granular beams would be needed. Another limitation of that type of solution is the standards may never support deployments with single-beam transmissions of xSS and multi-beam transmission of the RS.
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Figure 2 Longer DTX in scenarios with no active UEs and short DTX when active UEs.
A solution based on xSS=RS with configurable periodicities would enforce beam sweeps of xSS/RS and system information to be always on and with the same beam configuration (e.g. number of beams per interval, etc.)
A solution based on xSS=RS with configurable periodicities does not allow deployments with single-beam transmissions of xSS and multi-beam transmission of the RS
A solution based on xSS=RS with configurable periodicities does not allow different multi-beam configurations for the xSS (for Idle, when fewer beams are required) and the RS (for connected, where more beams are required).
Configuring RS for RRC driven mobility and xSS for initial access
An alternative solution for that problem would be to define the RS as an additional signal to the xSS, only transmitted when active UEs need to be served. By doing that, the network is able to achieve the following:
· Adjust the xSS periodicity independently of the RS periodicity
· Exploit the benefits of different beam configuration of the xSS and the RS. For example, it enables single-beam transmissions of the ‘xSS’ (used in Idle) while multi-beam for the RS (used in connected to support RRC based mobility)
That would enable the possibility to address the dynamic range issue by transmitting RS in a multi-beam manner while transmitting the xSS in a single-beam manner (so one can further exploit the possibility to do SFN transmissions and reduce system information overhead).
[image: ]
Figure 3 Possible to have single beam transmission of the Separated signals
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Figure 4 Possible to have different beamforming configuration for xSS and RS(s)
NR should support different beamforming configurations of the xSS (used for idle mode operation) and the RS (used for RRC driven mobility).
NR should support single-beam transmissions of xSS (idle) and multi-beam transmission of the RS.
[bookmark: _GoBack]This paper has focused on the beamforming and periodicity properties of the ‘xSS’ used for idle mode operation and the ‘RS’ used for RRC driven mobility. A separated issue relates to the “content” ID carried in xSS and RS. It has been agreed that xSS encodes a Cell ID, while it is FFS whether the RS also encodes a cell ID, a beam ID or both. In R2-166925 [3], we discuss the identifiers for idle mode signals ‘xSS’ and connected mode signals ‘RS'.
Conclusion
Concerning the ‘xSS’ used for idle mode operation and the ‘RS’ used for RRC mobility in connected mode, we made the following observations:
Observation 1	In LTE, means have been introduced to make periodic transmissions (in an otherwise idle system) sparse. While sparse transmissions may not be usable in all scenarios and deployments, it was found to be feasible in particular when operating in unlicensed spectrum and for cell discovery.
Observation 2	RAN2 has agreed that system information broadcast should allow configurations that enable network energy efficiency (e.g. by long DTX durations).
Observation 3	To support long DTX cycles in NR, idle mode synchronization signals such as the ‘xSS’ should be configurable to operate with long DTX cycles (e.g. 100ms).
Observation 4	Connected mode synchronization signals (‘RS’) may need to be more frequently transmitted.
Observation 5	In LTE, a UE is able to detect and perform measurements of neighbour cells at the same time it can decode data/control channels.
Observation 6	A solution based on xSS=RS with configurable periodicities would enforce beam sweeps of xSS/RS and system information to be always on and with the same beam configuration (e.g. number of beams per interval, etc.)
Observation 7	A solution based on xSS=RS with configurable periodicities does not allow deployments with single-beam transmissions of xSS and multi-beam transmission of the RS
Observation 8	A solution based on xSS=RS with configurable periodicities does not allow different multi-beam configurations for the xSS (for Idle, when fewer beams are required) and the RS (for connected, where more beams are required).

Based on these observations the following has been proposed: 
Proposal 1	Idle mode (and/or inactive) procedures in NR should be designed to operate with signals (e.g. ‘xSS’) sparsely transmitted signal (e.g. 100ms).
Proposal 2	In NR, when data/control channels are beamformed, the RS used to support RRC driven mobility (i.e. to provide synch and enable RRM measurements) shall also be beamformed.

Proposal 3	NR should support different beamforming configurations of the xSS (used for idle mode operation) and the RS (used for RRC driven mobility).
Proposal 4	NR should support single-beam transmissions of xSS (idle) and multi-beam transmission of the RS.
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