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1 Introduction
RAN1 concluded from NR SI that maximum channel bandwidth per NR carrier is 400 MHz in Rel-15 and the maximum number of NR carriers for CA and DC is 16 from RAN1 specification perspective. This contribution presents our view on NR wider bandwidth operations including RRM bandwidth configurations for adaptive bandwidth operations.

2 RAN1 View on Bandwidth Configurations for Control/Data and RRM Measurement
It is not necessary for a UE to always monitor a wide BW and the single carrier wideband operation can be accompanied by the 1st RF and 2nd RF BW operations/configurations to realize UE power savings (a main KPI for NR). Aspects to be considered when configuring the 1st RF BW and 2nd RF BW to a UE (from a downlink perspective) are subsequently discussed.
1st RF BW

The 1st RF BW is configured for a connected mode UE and supports at least NR-PDCCH and NR-PDSCH. Other usage cases, such as for CSI-RS, are not precluded. Depending on the use cases for the 1st RF BW, its BW values can be defined. 
The following are some of the purposes identified for the 1st RF BW:
a) Monitor the UE common information (for RRC Connected UE’s) 
b) Monitor the common per-beam information in above 6GHz systems
c) Monitor dedicated search spaces for UE specific configurations and to get configurations for the 2nd RF BW (if needed)
d) Support RRM measurements (as will be discussed shortly, this is needed if the RRM BW is inside the 1st RF BW)
Therefore, – 
1) Some part of the 1st RF BW can be UE specific 
2) The 1st RF BW can overlap with the RRM BW region i.e., the BW region which contains RS signals for RRM measurements
Flexible Configurations of 1st RF BW for several UEs
The 1st RF BW should allow multiplexing of NR-PDCCH transmissions for a relatively large number of UEs. Therefore, the 1st RF BW’s of UEs should overlap (i.e. have common parts for different UEs) in order for UEs to monitor UE-common information while also allowing some UE specific configurations. Specifically, if the location of the 1st RF BW is common for all UEs, there is no flexibility for further UE-specific configurations. When locations for the 1st RF BW are not identical among UEs, common control channel information may need to be duplicated in each UE-specific BW. The NW can choose between these options and accordingly, some UEs may have a common part in their 1st RF BW while others may have dedicated location and duplicate UE-common information. 
Observation 1: There is a trade off in terms of flexibility and signalling overhead between a) sharing 1st RF BW across UEs with a common location for monitoring UE-common information and b) dedicated 1st RF BW location for some UEs and replication of UE-common information. 

2nd RF BW
Most of the issues identified for the case of 1st RF BW also remain valid for the case of the 2nd RF BW. In addition, the size of the 2nd RF BW can be UE specific and depend on a) the numerology used in a specific band, b) the data requirements for a UE. A gNB can configure a single carrier operating BW to a UE based on an indication by the UE of its capability regarding its hardware aspects such as RF BW. These issues are more prominent for the 2nd RF BW as it is considered to be much wider than the 1st RF BW and extra emphasis is necessary on the configuration of the 2nd RF BW region.
Observation 2: UE hardware aspects, such as RF BW, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation on the 2nd RF BW.

RRM BW
The RRM BW is used for performing RRM measurements (for e.g. handover purposes, cell measurements). At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode. For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS. Therefore, the RRM BW is determined by either NR-SSS transmission bandwidth or CSI-RS transmission bandwidth. 
Observation 3: RRM BW is determined by either NR-SSS transmission bandwidth or CSI-RS transmission bandwidth.
It is generally desirable to avoid having a UE to re-tune in order to perform inter-cell measurements. This will also require some network coordination where the gNB indicates to UEs the RRM BW for adjacent cells. It is therefore beneficial if RRM measurements are performed over the BW that should preferably be common among cells [1]. 
Proposal 1: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.

RRM considerations for 1st RF BW and 2nd RF BW
The RRM considerations discussed below holds true for both the 1st RF and 2nd RF BW design. Hence, we will discuss the issues in the context of 1st RF BW for ease of exposition. 
For RRM measurements when a UE is using the 1st RF BW, the following options exist: (i) RS for RRM is inside the 1st RF BW, (ii) RS for RRM is separated from the 1st RF BW, and (iii) new RS for RRM inside the 1st RF BW for measurement purposes. 
For option (i), the 1st RF BW of all UEs will contain the RS used for RRM purposes. This can happen in the following ways – a) when sync signals are used for the RRM purposes, then the 1st RF BW of all UEs must contain this BW, and b) when the RRM BW spans the entire BW (as in the case of wideband RS such as cell-specific wideband CSI-RS), then there are RRM signals present inside the UE’s 1st RF BW (wherever it is located) that can be used for RRM measurements. For both these cases no new configurations are needed from the NW side for configuring the 1st RF BW for RRM measurements. However, note that when the RRM BW is the same as the access BW (or sync BW) (as mentioned earlier, when sync signals are used for RRM measurements), then the network has to configure the 1st RF BW for all UEs to overlap with the RRM BW region which can limit the ability to flexibly configure the 1st RF BW to UEs. 
For option (ii), the RRM signals used for RRM purposes are separated from the 1st RF BW. This case occurs when the RRM measurements are performed using the sync signals. In such a setting, the NW can configure measurement gaps while accounting for a re-tuning delay necessary for a UE to switch its RF from 1st RF BW region to the RRM BW region. This can increase the burden on the NW side and also increases the power consumption at the UE due to this frequent re-tuning.
For option (iii), UE re-tuning is avoided but the NW needs to provide new RS for measurements (measurement RS) inside each 1st RF BW region. This option increases the signalling overhead. 
Considering the above options and associated trade-offs, option (iii) seems least favourable considering the signalling overhead. Considering the fact that option (ii)-type configuration is already supported in LTE (e.g. for eMTC), the gNB can decide to either support option (i) or option (ii). 
Observation 4: RS for RRM inside the 1st RF BW (and 2nd RF BW) or separated from the 1st RF BW (and 2nd RF BW) with support of UE retuning are viable options for a network to select. 


3 RRM measurement for bandwidth adaptation
In LTE, the UE should be capable of performing RSRP and RSRQ measurements with measurement period and measurement bandwidth given in Table 1 [2]. The narrow measurement bandwidth of 6 PRBs achieves UE power savings as well as cell search process independent from the channel bandwidth. On the other hand, the wider measurement bandwidth would mitigate potential measurement error from neighbour cell interference in some deployment scenarios.
Table 1. Measurement period and measurement bandwidth (TS36.133)
	Configuration
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms]
	Measurement bandwidth [RB]

	0
	480 x  Nfreq
	6

	1 (Note)
	240 x  Nfreq
	50

	Note: This configuration is optional



Similar to LTE, the NR measurement bandwidth can be configured and further associated with the adapted bandwidth of a UE. The RRM measurement accuracy would depend on how often the UE bandwidth is adapted.
Proposal 2: RRM measurement configuration and RRM bandwidth is configured together similar as LTE.

4 Other
The processing of code blocks is dependent on the decoder blocks i.e. hardware dependent. A UE which has parallel processing capability, especially in the decoder hardware, may perform parallel decoding on multiple code blocks simultaneously. For this reason, when a code block is limited to a specific bandwidth (with fixed boundaries well known to UE and gNB), and when interleaving is not performed across sub-bands, each code block can be processed in parallel. However since the details of the interleaving etc. have not been decided yet in RAN1, it is premature to consider the study of supporting sub-band based mechanisms.
BW Adaptation Timeline
As per the RAN4 agreement, up to 20us, 50-200us and up to 900us are needed respectively for intra-band same center frequency, intra-band different center frequency and inter-band bandwidth adaptation. For example, when 60 kHz numerology is used in above 6 GHz spectrum, the symbol duration is 16.67 us. In such cases, the transition time for adaptation may fall within a few symbols depending on both RF and baseband aspects for bandwidth adaptation. Hence, based on the numerology being used, the NW can indicate the UE to adjust its BW (of course depending on the available resources). In addition, other baseband aspects such as AGC settling [x], waiting time for slot boundary alignment etc need to be considered when addressing the BW adaptation timeline. More discussions about this can be found in a companion contribution [5].
Observation 5: The BW adaptation timeline depends on the numerology being used and whether the adaptation is within the band or across bands.
5 Summary
Based on above discussion for NR wider bandwidth operations, we have following observations and proposals:

Observation 1: There is a trade off in terms of flexibility and signalling overhead between a) sharing 1st RF BW across UEs with a common location for monitoring UE-common information and b) dedicated 1st RF BW location for some UEs and replication of UE-common information. 
Observation 2: UE hardware aspects, such as RF BW, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation on the 2nd RF BW.
Observation 3: RRM BW is determined by either NR-SSS transmission bandwidth or CSI-RS transmission bandwidth.
Observation 4: RS for RRM inside the 1st RF BW (and 2nd RF BW) or separated from the 1st RF BW (and 2nd RF BW) with support of UE retuning are viable options for a network to select. 
Observation 5: The BW adaptation timeline depends on the numerology being used and whether the adaptation is within the band or across bands.

Proposal 1: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.
Proposal 2: RRM measurement configuration and RRM bandwidth is configured together similar as LTE.
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Appendix - I
Based on the RAN1 and RAN4 agreements, below we list the possible set of numerologies that may be used
Table A: Potential Set of Numerologies for Sub-6GHz
	SCS (kHz)
	CBW (MHz)
	FFT size
	Sampling rate (MHz)
	# of subcarriers (SU: 90%/99%)
	# of samples for long CP
	# of samples for short CP

	15
	5
	512
	7.68
	300/330
	40
	36

	
	10
	1024
	15.36
	600/660
	80
	72

	
	20
	2048
	30.72
	1200/1320
	160
	144

	
	40
	4096
	61.44
	2400/2640
	320
	288

	
	80
	8192
	122.88
	4800/5280
	640
	576

	
	100
	8192
	122.88
	6000/6600
	640
	576

	30
	5
	256
	7.68
	150/165
	22
	18

	
	10
	512
	15.36
	300/330
	44
	36

	
	20
	1024
	30.72
	600/660
	88
	72

	
	40
	2048
	61.44
	1200/1320
	176
	144

	
	80
	4096
	122.88
	2400/2640
	352
	288

	
	100
	4096
	122.88
	3000/3300
	352
	288

	
	200
	8192
	245.76
	6000/6600
	880
	720

	60
	5
	128
	7.68
	75/77.5
	13
	9

	
	10
	256
	15.36
	150/165
	26
	18

	
	20
	512
	30.72
	300/330
	52
	36

	
	40
	1024
	61.44
	600/660
	104
	72

	
	80
	2048
	122.88
	1200/1320
	208
	144

	
	100
	2048
	122.88
	1500/1650
	208
	144

	
	200
	4096
	245.76
	3000/3300
	416
	288


Table B: Potential Set of Numerologies for Above-6GHz
	SCS (kHz)
	CBW (MHz)
	FFT size
	Sampling rate (MHz)
	# of subcarriers (SU: 90%/99%)
	# of samples for long CP
	# of  samples for short CP

	60
	40
	1024
	61.44
	600/660
	104
	72

	
	80
	2048
	122.88
	1200/1320
	208
	144

	
	100
	2048
	122.88
	1500/1650
	208
	144

	
	200
	4096
	245.76
	3000/3300
	416
	288

	
	400
	8192
	491.52
	6000/6600
	832
	576

	120
	40
	512
	61.44
	300/330
	68
	36

	
	80
	1024
	122.88
	600/660
	136
	72

	
	100
	1024
	122.88
	750/775
	136
	72

	
	200
	2048
	245.76
	1500/1650
	272
	144

	
	400
	4096
	491.52
	3000/3300
	340
	288

	240
	40
	256
	61.44
	150/165
	50
	18

	
	80
	512
	122.88
	300/330
	100
	36

	
	100
	512
	122.88
	375/387.5
	100
	36

	
	200
	1024
	245.76
	750/775
	200
	72

	
	400
	2048
	491.52
	1500/1650
	400
	144


* Note: the long CP refers to the longer CP needed in the 1st symbol for time alignment with different numerologies (as per RAN1 agreements).


Appendix – II: Transition time for bandwidth adaptation
According to RAN4 response LS [1], the transition time (RF aspects) at least for sub6 can be;
· Up to 20 µs if the center frequency is the same before and after the bandwidth adaptation for intra-band operation
· 50 ~ 200 µs if the center frequency is different before and after the bandwidth adaptation for intra-band operation
· Up to 900 µs for inter-band operation
RAN4 also has the opinion that for single-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time and the waiting time for slot boundary alignment if DL signal from the same cell is assumed before and after the bandwidth adaptation. For multiple-carrier operation, the waiting time for reference signals for AGC settling is additionally required. 
RAN4’s understanding is that UE power saving is the primary benefit for UE RF bandwidth adaptation.

