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1 Introduction
In RAN4#80 is was agreed [1] to evaluate decisions made in RAN1/2/3 on bandwith, subcarrier spacing and multiple numerologies and to investigate the impacts to future RAN4 RRM requirements and testing.
	· Progress in other WG

· Evaluate decisions made in RAN1/2/3 August meeting round and investigate likely impacts to future RAN4 RRM requirements and testing. Topics may include:

· …

· Impact on RRM requirements from:

· Flexible bandwidth
· Flexibility of subcarrier spacing and multiple numerologies
· …

· … 


2 Discussion

Some relevant agreements from RAN1 include
	· Whether wideband and narrowband UEs can decode either all or partially the same NR broadcasted signals and channels, should be considered
· This doesn’t mean the broadcasted signals/channels need to be narrowband
…
· In-band frequency multiplexing of different numerologies is supported in NR for both DL and UL, at least from the network perspective 

…

· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied

· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range

· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz

· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS

· FFS: Details on the set of possible numerologies

· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded
…

· NR numerology scalability should allow at least from [3.75 kHz] to480 kHz subcarrier spacing 
· Necessity of support for less than 15 kHz subcarrier spacing  (e.g., 3.75 kHz) should be studied
· Note that scalability does not mean everything should be scalable (e.g., RS density, UE/gNB processing time, signalling overhead)
…

· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID

· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility

· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)
…

· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of  each synchronization signal and at least some essential system information.




One aspect which we think is worthy of further discussion in RAN4 is the schemes for supporting UEs with different bandwidth capabilities. These are referred to as wideband and narrowband UEs in the RAN1 agreements. 
In LTE, the PSS, SSS, MIB and sufficient CRS to make measurements (meeting minimum requirements for accuracy) of a target cell are provided on the central 6 RBs in frequency. LTE was initially designed with wideband UEs in mind (supporting at least 20MHz bandwidth), and such UEs are always able to make intrafrequency measurements without gaps, e.g. if the UE is connected to a cell with 1.4MHz system bandwidth it could still measure a 20MHz neighbour, or vice versa. When the centre frequencies of the serving and neighbour cells are different, the neighbours are considered as interfrequency, regardless if the bandwidth is overlapping.

With the introduction of cat M1 UEs in release 13, there are now LTE UEs that could be considered as narrowband UEs. They operate with 6RB bandwidth, even when the serving cell has a system BW of >6RB and moreover, the cat M1 UE can be configured to operate on 6RB which are not in the centre of the BW. This means that measurement gaps need to be provided to allow intrafrequency neighbour cells to be detected and measured, since the UE needs to be able to retune to the central 6RB to detect neighbour PSS and SSS. 
NB-IOT introduces even narrower bandwidth UEs, however they introduce new N-PSS and N-SSS signals. Considering, for instance, an in band deployment of NB-IOT, the situation from the narrowband UE’s perspective is that necessary sync signals are provided within the bandwidth it receives.

In NR, the design of the initial access signals needs to be finalised. RAN1 agreements mention a PSS and SSS and essential system information. Such signals are either not beamformed, or need to be transmitted with a relatively wide beam, for example using beam sweeping, since there is no spatial information available for UEs that are initially accessing the system. This means that the initial access signals should be transmitted with power boosting (compared to beamformed signals) to ensure proper coverage. To allow for power boosting, the initial access signals are ideally transmitted over a limited bandwidth and other resource blocks are not transmitted at the same time. This also has the benefit that the initial access signal could be received by either a narrowband or a wideband UE.
Once the UE decodes the initial access signals and selects a suitable cell to camp on, it will perform an initial access procedure and initiate communications with the chosen cell. When it comes to the handling of narrowband UEs on a cell which has wider system bandwidth, there are a number of alternatives (which are not necessarily mutually exclusive) including: 
Alt-1 Initial access signals are transmitted in the centre of the BW. The narrowband UE is directed to a certain portion of the system BW, and measurement gaps are provided to allow xSS signals of neighbour cells to be detected

Alt-2: Initial access signals are duplicated in the frequency domain. The narrowband UE is directed to a certain portion of the system BW, and the duplication allows it to detect and measure neighbour cells without gaps.
Alt-3: The narrowband UE is directed to a certain portion of the system BW, and is able to perform measurements without use of initial access signals e.g. using a self-contained reference signal.

Alt-1 is very similar to the concept for LTE and has the benefit of simplicity and flexibility. The network may deploy cells of different bandwidth. It is straightforward for wideband UEs to detect and measure neighbour cells since they can always (at least) make use of initial access signals in the central part of the bandwidth. The drawback is that narrowband UEs need to be directed to non-central parts of the bandwidth (to avoid congestion on the central resources) so they need gaps to measure neighbour cells. Alt-1 is similar to the scheme used for cat-M1 UEs. 

Alt-2 avoids the need for measurement gaps for narrowband UEs, since there should be a duplication of the signals available regardless of which frequency they have been configured to receive. The main drawback of alt-2 is overhead. Especially as the initial signals are likely to be power boosted and cannot be transmitted at the same time as other signals, the cost of transmitting even a single initial signal is high. This means that the number of duplications should be small. Alt 2 is similar to the scheme used for NB-IOT UEs.
Alt-3 implies that mobility (after initial access) can be performed on a beam based signal which contains sufficient information for the UE to synchronise with the beam, identify the beam ID and make a measurement of the beam. As the signal is beamformed, it has much less overhead than an initial access signal and may be duplicated in the frequency domain to allow it to be received by narrowband UEs, or provided in a UE specific manner. The main consideration is whether it is always possible to provide beamformed mobility signals, or whether there are some cases where devices need to detect and report neighbour cells without dependency on beamforming. A swept beam may be used to allow reporting by UEs arriving from an arbitrary direction, and if the UE is already known to the node (e.g. if it has already detected uplink mobility signals) then it may provide beamformed signals in the expected direction. As the signals under this alternative are beamformed, there is less concern on transmitting them over a wide bandwidth so that they can be measured by UE of different BW categories, although this is naturally still more consuming of resources than transmitting narrowband beamformed signals e.g. if they are directed to a particular UE. Since measurements for RRM are not performed on beamformed resources in LTE, there is no use of such a scheme in current specifications.
All of the alternatives have advantages and disadvantages. In the end it is rather likely that the chosen solution for NR will be a hybrid one. For example, it is extremely likely that in NR there is a need to make measurements on beamformed resources, for example to indicate a new best beam. Since it would be natural to provide signals to facilitate these measurements within the received bandwidth of the UE, it seems highly likely that narrowband UEs will use alt-3 in these cases. However, it is also highly likely that there is cell, rather than beam based mobility procedures as well, and it is necessary to discover neighbours at the cell level. This implies that either alt-1 or alt-2 would also be needed and again they are not mutually exclusive – as with LTE where cat M1 UEs perform measurements with gaps, and NB-IOT UEs use a different synchronisation signal.
The purpose of this contribution is to indicate some of the implications for RAN4 of different UE bandwidth capabilities, rather than to select an alternative from the framework above.
Some of the implications for RAN4 are

Observation 1: Gaps may be needed for intrafrequency measurements performed by narrowband UEs so that they can retune to receive measurement resources

Observation 2: It may be necessary to consider multiple synchronisation signals, or multiple requirements where sync signals are arranged in different ways in the frequency domain for UEs that support different bandwidths. For example, if synchronisation signals are duplicated in the frequency domain a wideband UE may make use of multiple duplications of the sync signal, whereas a narrowband UE might use one instance. Alternatively, there may be different signals provided for different types of UEs
Observation 3: Beamformed reference signals may be defined in such a way that they are self-contained, e.g. the UE can perform time and frequency synchronisation, identify the beam and make a measurement. 

Observation 4: Beamformed reference signals may be either wideband, narrowband (meaning that narrowband UEs may need gaps to measure them) or narrowband and configured to be measured by individual UEs.

Observation 5: In some respects, UL mobility may be more straightforward, since the UE transmission bandwidth will be a subset of the system BW. So in principle the gNB should be able to detect an UL transmission from a narrowband UE within the UE’s operating bandwidth, although there may be complexity issues to consider.

Overall, the observations mean that we can anticipate significantly more work for RAN4 in the requirements phase than for LTE release 8 (the situation could perhaps be thought of as comparable to specifying mobility for LTE release 8, LTE CAT M1 and LTE NB-IOT in the same release, and considering beamformed requirements at the same time). Further details of the NR initial access signals (e.g. PSS, SSS), mobility reference signals (e.g. beamformed) and NR UE categories (and which bandwidth options they can be assumed to support) are needed before the full scope of the work could be estimated.
3 Conclusions

In this contribution we discuss scenarios where narrowband and wideband capable UEs are served by an NR network. We identify 3 alternatives (not mutually exclusive) in a measurement framework
Alt1: xSS signals are provided in the central part of the BW and narrowband UEs use gaps when necessary to retune to the receiver to receive xSS

Alt2: xSS signals are duplicated or provided in different parts of the frequency domain. 

Alt 3: Beamformed signals are provided either on a per UE basis, or similarly to alt-1 or alt 2

Although presented as alternatives, it is rather likely that multiple approaches will be needed in NR.

Based on the framework we observe

Observation 1: Gaps may be needed for intrafrequency measurements performed by narrowband UEs so that they can retune to receive measurement resources

Observation 2: It may be necessary to consider multiple synchronisation signals, or multiple requirements where sync signals are arranged in different ways in the frequency domain for UEs that support different bandwidths. For example, if synchronisation signals are duplicated in the frequency domain a wideband UE may make use of multiple duplications of the sync signal, whereas a narrowband UE might use one instance. Alternatively, there may be different signals provided for different types of UEs

Observation 3: Beamformed reference signals may be defined in such a way that they are self-contained, e.g. the UE can perform time and frequency synchronisation, identify the beam and make a measurement. 

Observation 4: Beamformed reference signals may be either wideband, narrowband (meaning that narrowband UEs may need gaps to measure them) or narrowband and configured to be measured by individual UEs.

Observation 5: In some respects, UL mobility may be more straightforward, since the UE transmission bandwidth will be a subset of the system BW. So in principle the gNB should be able to detect an UL transmission from a narrowband UE within the UE’s operating bandwidth, although there may be complexity issues to consider

Overall, the observations mean that we can anticipate significantly more work for RAN4 in the requirements phase than for LTE release 8. The exact scope of the work depends on UE bandwidth categories and the detailed design of signals such as xSS and mobility reference signals/
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