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1 Introduction
In this contribution we provide further analysis and discussion of RAN1 agreements related to the bandwidth of RRM procedures, specifically beam/cell search and beam/cell measurement.
2 Discussion

Some relevant agreements related to bandwidth in RAN1 since RAN4#81 are shown in table 1, with most recent agreements shown first. 
	
RAN1#87 NR adhoc (January 2017)
Agreements (SS BW):
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]

· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]

· The above frequency range categories may be further divided into different categories with different parameters

· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS

· FFS: UE bandwidth
Agreements(SS Frequency raster):
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  

Agreements (R1-170150)1
[DRAFT] LS on NR Mobility Intel, Huawei):
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS

· Note that possibility of multiplexing of wideband RS in SS block is not precluded
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15

· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands

· RAN1 asks the feasibility of at least followings

· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered

· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz

· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15

· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]

· The maximum FFT size is not larger than [8192, 4096, 2048]

R1-1701223
[Draft] LS on wider bandwidth operation for NR
NTT DOCOMO
Agreements:
· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz

· The maximum number of CCs in any aggregation is [either 8 or 16]

· If it is decided that the maximum CC BW is <=100MHz

· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz
· The maximum number of CCs is FFS


RAN1#87 (November 2016)
Agreements (RRM measurements):
· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs

· FFS: UE-specific and/or cell-specific indication

· FFS: dynamic adaptation/configuration

· FFS: idle and possibly new state modesz

· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth

Agreements (RRM measurements in IDLE):
· For RAN1 evaluations for IDLE mode, the default bandwidth for DL RRM measurement assumed by UE is not larger than the minimum carrier bandwidth which may depend on the frequency band

· FFS: mMTC case



 Table 1 : Some recent agreements from RAN1 related to mobility and bandwidth
From these agreements we can conclude that at least SS signals are used for L3 mobility (eg cell reselection) in idle mode. Potentially, PBCH DM-RS may also be used. For connected mode L3 mobility, additionally the use of CSI-RS and an RS separately designed from CSI-RS are considered.
Considering SS signals, some agreements have also been reached on candidate bandwidths for each synchronisation signal

· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]

· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]
· The above frequency range categories may be further divided into different categories with different parameters

· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS

· FFS: UE bandwidth
At any rate, the candidate transmission bandwidths for synchronisation signals are less than the NR carrier bandwidth. Since the UE BW is still FFS, RAN1 has not decided on how the UE should work with these transmission bandwidths. However, there seem to be at least the following cases of interest
1. Case where the UE supports and is configured to operate with the full system BW. In principle the UE can then synchronise with and make measurements of intrafrequency neighbour cells and beams without measurement gaps

2. Case where the UE supports less the full system BW of the network. In this case the UE necessarily needs to be configured with a lesser BW than the system BW in a static manner; see case 3

3. Case where the UE is configured with an operating BW less than the full system BW of the network in a static manner. This case needs to be supported for UE with lower BW capability, and in addition could be beneficial for power saving purposes even if the UE could support a greater BW. In this case, serving and neighbour cells either need to provide suitable signals for measurement within the operating BW of the UE for intrafrequency measurements, or measurement gaps need to be provided. It should be emphasised that in this case the UE does not necessarily operate on the central RB of the serving cell, since this would lead to excessive load on the central RB.

4. Case where the UE is configured to dynamically adapt BW. We have a more detailed paper on this topic, however it is clear that if bandwidth adaptation is employed, the benefits from power saving are lost if the UE needs to remain on wide bandwidth to make serving or neighbour cell or beam measurements. Hence, either the UE may only make measurements at times when it is adapted to wide BW, or the suitable RRM signals need to be provided within the narrower of the dynamic operating bandwidth BW, or measurement gaps need to be provided for intra measurements. If the former solution is adopted, then it creates a coupling between BW adaptation and measurement performance.
Observation 1 : Detailed consideration of different cases for UE supported/configured bandwidth may need to be considered once RAN1 has concluded on further details of the design of synchronisation signals, PBCH DM-RS, CSI-RS and any other RS used for measurement purposes
Another interesting set of agreements is

· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs

· FFS: UE-specific and/or cell-specific indication

· FFS: dynamic adaptation/configuration

· FFS: idle and possibly new state modesz

· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth

For connected mode measurements, time and frequency resources are indicated to be “valid” from a measurement perspective. In addition, RAN4 would decide if the UE would be allowed to measure using only a subband of the valid measurement resources in frequency domain. This concept is similar to the minimum measurement bandwidth in LTE, where UEs may measure with a minimum measurement BW of 6RB unless wideband RSRQ is configured.
For NR, it should be kept in mind that the opportunities for the UE to measure may be more limited in time domain than they are in LTE were CRS signals are transmitted more or less continuously and PSS/SSS are transmitted with 5ms periodicity. This situation has been faced to an extent in LTE DRS and LAA operation, however in LTE there is a legacy and it has not been possible to consider increased measurement opportunity in frequency domain when the time domain opportunities are limited. From both measurement accuracy and signal processing requirement, what seems to matter is the number of reference signals within the measurement period. So as a first order approximation, measurement of a signal which is limited in frequency domain but not in time domain, or limited in time domain but not in frequency domain should have both similar accuracy and computational complexity. Hence we think it may be appropriate to consider wider minimum measurement BW in cases where time domain opportunities to make measurements are limited, and smaller minimum measurement BW in cases where time domain opportunities to make measurements are frequent. For quality measurements it may also be appropriate to ensure wideband measurements in case the interference is not constant in frequency domain. This could be considered further during the work item phase.

Proposal 1 : RAN4 should take into account the time domain opportunities for measurements when specifying any minimum measurement BW for NR. 
Proposal 2 : RAN4 should take into account possible variation in frequency domain of interference when defining minumum measurement BW for any quality based metric in NR.
3 Conclusions
In this paper we discuss further aspects related to bandwidth of RRM procedures such as beam identification and cell search and beam and cell measurement. We make one observation and two proposals.
Observation 1 : Detailed consideration of different cases for UE supported/configured bandwidth may need to be considered once RAN1 has concluded on further details of the design of synchronisation signals, PBCH DM-RS, CSI-RS and any other RS used for measurement purposes

Proposal 1 : RAN4 should take into account the time domain opportunities for measurements when specifying any minimum measurement BW for NR. 

Proposal 2 : RAN4 should take into account possible variation in frequency domain of interference when defining minimum measurement BW for any quality based metric in NR.
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