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1 Introduction
In this contribution we provide further analysis on measurement bandwidth aspects for NR.
2 Discussion

RAN1 has discussed further aspects of 
· NR initial access related to NR-SS signal structure

· Wider bandwidth operations

Which are relevant to the RAN4 discussions on NR measurements. 

In [1], RAN1 informs RAN4 of the following agreements
	Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: octal 145

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence

· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges

· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec

· Note that RAN1 assumes that RAN4 will investigate requirements

· Time index indication: PBCH conditioned that mobility and HO related requirements can be met

· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements

· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS

· PBCH TTI: 80 msec




Since the PSS is agreed to be mapped to 127 consecutive subcarriers, we can conclude that at least the PSS would have the following bandwidth depending on SCS

	Sub Carrier spacing
	PSS bandwidth (MHz)

	15kHz (sub6)
	1.905

	30kHz (sub6)
	3.81

	120kHz(above6)
	7.62

	240kHz(above6)
	15.24


Table 1 : PSS bandwidth implied by RAN1 decision that PSS occupies 127 consecutive subcarriers for different SCS
As indicated, RAN1 assumes that RAN4 will decide on PSS/SSS subcarrier spacing depending on frequency range.
Since the UE needs to be able to detect new cells we can conclude that when mobility measurements are performed, the RF bandwidth needs to be at least sufficient to cover the reception of 127 consecutive subcarriers as shown in table 1. Once  RAN4 narrows down different sub carrier spacing for different frequency ranges, the bandwidth of PSS for different frequency ranges will be fully specified from the different values shown in table 1.
Observation 1 : The minimum RF bandwidth for making mobility measurements is as shown in table 1 for different xSS SCS based on the assumption that the UE needs to search for the PSS of new cells during measurement. The xSS SCS for each frequency range still needs to be decided by RAN4.

Observation  1 does not yet imply a minimum measurement BW. Measurements will be made on SSS, CSI-RS and (potentially) on PBCH DMRS. SSS is also a 127 length sequence and PBCH BW is 288 subcarriers. SSS, P-BCH, and P-BCH DMRS use the same numerology as PSS. Although the BW of the signals is clear, it still needs to be studied how different measurement BW for these signals impacts measurement accuracy. However, in line with observation 1, to perform cell search, at least the PSS bandwidth shown in table 1 needs to be received, so it seems likely that SS-RSRP will be measured over at least the same BW.
RAN1 also discussed wider bandwidth operations and the meeting report shows the following agreements

	Agreement (UE-specific RF bandwidth adaptation):
· For single-carrier operation,
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE

· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD

· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation

Working assumption (on BW):
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE

· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE

· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth

· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties

· Numerology

· Frequency location (e.g. center frequency)

· Bandwidth (e.g. number of PRBs)

· Note that it is for RRC connected mode UE

· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM

Agreement (wideband operating options):
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC

· Consider further impact on design for: 

· Reference signals

· Resource Block Group design and CSI subbands




There are a few aspects that we would like to highlight. Firstly, RAN1 continues to work on UE specific bandwidth adaptation, at least for single carrier operation, based on the liaison statement exchange which took place with RAN4 in the study item phase. As a result, RAN1 is introducing the concept of one or more bandwidth part configurations which can be semi-statically signalled to a UE. Neighbour cell RRM is FFS and it is indicated that the bandwidth part is at least as large as the SS block but the bandwidth part may or may not contain the SS block. Finally, it is worth noting that single or multiple sync signal locations are allowed in wideband CC (the definition of a wideband CC may be seen from the RAN1 agreements).
Earlier in RAN4, we have discussed the case of UEs which are receiving less than the transmission bandwidth of the serving gNB. It appears that this can arise for multiple reasons 

1. The UE may be adapted to a smaller bandwidth using the BW adaptation feature

2. The UE may be a less capable UE that does not have the possibility to receive the full transmission bandwidth of the serving cell

3. The UE may be configured under eNB control to receive a smaller BW part 

In LTE there is no concept equivalent to bandwidth adaptation or bandwidth part, but solutions have been developed to allow the operation of narrow bandwidth UEs eg for MTC purposes such as Cat M1 and NB-IOT UEs.
Clearly, in any of these scenarios, a UE in RRC connected state can only receive signals within its currently configured RF bandwidth (including any possible BW adaptation operation). Based on the RAN1 agreement that a BW part (may or) may not include the SS block, and measurements are performed on at least the SS block (which is needed for cell search), we could conclude that there are likely to be scenarios in NR where same carrier measurements need to be performed in measurement gaps (the definition of intrafrequency vs interfrequency may need further discussion). Based on the agreement that there may also be multiple sync signal locations in wideband CC it is also possible that some UE which are not receiving the full gNB transmission bandwidth can also receive some sync signals without gaps depending on their capability / configuration (including BW adaptation).
Observation 2 : There are likely to be scenarios in NR where same carrier measurements need to be performed in measurement gaps
Observation 3 : It is also possible that some UE which are not receiving the full gNB transmission bandwidth can also receive sync signals and make measurements from serving and/or neighbour cells without gaps depending on their capability / configuration (including BW adaptation).

3 Conclusions

Observation 1 : The minimum RF bandwidth for making mobility measurements is as shown in table 1 for different xSS SCS based on the assumption that the UE needs to search for the PSS of new cells during measurement. The xSS SCS for each frequency range still needs to be decided by RAN4.

Observation 2 : There are likely to be scenarios in NR where same carrier measurements need to be performed in measurement gaps
Observation 3 : It is also possible that some UE which are not receiving the full gNB transmission bandwidth can also receive sync signals and make measurements from serving and/or neighbour cells without gaps depending on their capability / configuration (including BW adaptation).
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