3GPP TSG-RAN WG4 Meeting #81
R4-1609559
Reno, USA, 14 - 18 November 2016
Agenda Item:

11.6.1.1
Source: 


Ericsson

Title: 



RRM bandwidth considerations for NR
Document for:
Discussion
1 Introduction
In RAN4#80bis, a way forward [1] related to measurement bandwidth was agreed
	Agreements

· Requirements will be developed for UEs supporing different bandwidths

· Study whether minimum measurement BW for NR scales with subcarrier spacing and different NR use cases etc (MBB, MTC, ultra reliable etc)

Way forward

· Continue to investigate impact of bandwith on measurements.

· Study the ways in which UEs with different supported BW and numerology can perform cell selection in NR

· Study the ways in which UEs with different supported BW and numerology can perform measurements in NR

· Continue to investigate the impact of supported BW and  multiple numerologies on measurement BW




2 Discussion

2.1 Review of decisions in RAN1 related to measurement bandwidth
We begin by highlighting some of the relevant decisions made in RAN1 and RAN2 specifically related to measurement bandwidth 

	· RAN1 (#86-bis)

R1-1610848
Draft TR 38.802 Study on New Radio (NR) Access Technology - Physical Layer Aspects
NTT DOCOMO, INC.

RAN1: Waveform
Agreement:
RAN1: Numerology
Agreements on wider BW operation:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz

· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 

· Details are FFS

· FFS: non-contiguous spectrum case

· Single carrier operation 

· Details are FFS 

· Maximum channel bandwidth continues to be studied in RAN1/4

· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier

· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier

· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives

Agreements on BW adaptation:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement

RAN1: initial access and mobility / synch and broadcast signals/channels

Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS: Unlicensed spectrum case

· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access

· Other options are not precluded

Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz

Agreements (unified DL sync signals structure):
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive

· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same

· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.

· FFS: Transmission instances of ‘SS burst set’ 

· E.g., periodic/aperiodic transmission of SS burst sets.

Agreements (SYNC periodicity):
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set

· FFS: whether or not to define common periodicity range for SS burst set across NR carriers

· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms

· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set

· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq




There seem to be two main outcomes which we have highlighted and are relevant for RAN4 RRM discussions on measurement BW. Firstly, there is a concept of BW adaptation, whereby the UE receives control information with a narrower BW and then (after XuS) the BW may be increased, presumably when it is scheduled with data.  The agreements indicate that “•
FFS RF bandwidth adaptation for RRM measurement” so we cannot really speculate what this means for measurement, but it should be emphasised that this is a different concept than LTE where the UE operates with semi-static bandwidth.
The second aspect which is worthy of noting is the working assumption on NR-PSS/SSS and/or PBCH bandwidth:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz

In our previous contribution on measurement bandwidth, we described 3 techniques by which a UE operating with narrower BW than the system BW of the cell could measure and access cells
1. By using measurement gaps to retune the receiver, even for intrafrequency measurements (concept similar to CAT-M1 in LTE)

2. By duplicating or extending the PSS/SSS and P-BCH signals in frequency domain (concept similar to NB-IOT)

3. By using dedicated measurement resources, at least for connected state UEs which are within the configured BW of the UE

Techniques 1 and 2 seem related to the RAN1 agreements. In BW adaptation, RAN1 is clearly considering either retuning the UE or at least adjusting the receiver BW (with same centre frequency). In the agreement on wider transmission BW for PSS/SSS/P-BCH, RAN1 creates the possibility for some part of the PSS/SSS and P-BCH to fall within the operating BW of all UEs accessing a frequency layer. Technique 3 is also rather likely to be used for NR, perhaps related to beamformed measurements which could be intended for one UE, or a group of UEs.

2.2 RAN4 aspects of measurement bandwidth
Measurement BW, along with measurement period determines the achievable accuracy for a measurement. With the introduction of wider BW PSS/SSS the possibility of different UEs performing sync procedures with different BW is also raised, so there may be an impact on both measurement cell detection performance, with UEs performing better (more accurate measurements, more rapid cell detection and so on) as bandwidth becomes wider.

When it comes to making measurements there are many constraints. Considering LTE as an example, the UE firstly needs to know

· Over which resources in frequency domain is it safe to make measurements? (Such as allowed measurement BW)

· Over which resources in time domain is it safe to make measurements (Eg MBSFN configuration information, eICIC, feICIC, DRS occasions etc)

· Does the UE have to verify the presence of expected measurement resources in time domain (unlicensed operation)

· Is the UE required to perform measurements in a wider than minimum BW (eg wideband RSRQ)?

Generally, in the past, RAN4 has specified a fixed measurement period (such as 200ms for intrafrequency). This is not a minimum or a maximum requirement, but the UE is expected to filter measurement samples over the exact 200ms measurement period. 
The UE should not take more than 200ms to make a measurement, but at the same time should not trigger a measurement report based on one measurement sample which would not be reliable. The time domain constraints listed above typically apply to individual measurement samples but do not affect measurement period (with the exception of LAA). In frequency domain, RAN4 specifies a minimum measurement BW of 6RB (unless WB-RSRQ is enabled) and the UE is free to measure with any BW between the minimum measurement BW and the allowed measurement BW (signalled). Sometimes optional measurement requirements are specified such as shorter measurement period when wider BW signals are available. Wider BW signals may be exploited in other ways by UE implementations as well, such as allowing for reduced power consumption in DRX by allowing the accuracy to be met with fewer time domain samples due to the greater averaging performed in frequency domain. In addition to this, the UE is typically restricted by its configured RF BW.

When detailed NR work starts it will be necessary to understand

· Time domain limitations on the availability of sync and reference signals, and the associated signalling / blind detection

· Frequency domain limitations on the availability of sync and reference signals and the associated signalling / blind detection

· Deployment scenarios which need a certain minimum level of measurements in time or frequency

· Procedures for setting and adapting the RF receiver BW and possibly centre frequency in the UE

· Different UE capabilities related to reception BW including numerology support.

Proposal : RAN4 continues to investigate impact of bandwidth on measurements.

3 Conclusions
In this contribution we review some of the main decisions made in RAN1 relevant to measurement bandwidth. We review some of the time and frequency domain restrictions on measurement in LTE. As the topic in LTE is already complicated and new aspects such as more dynamic bandwidth adaptation may make it an even more complicated topic in NR, we make one proposal:
Proposal : RAN4 continues to investigate impact of bandwidth on measurements.
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