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1 
Introduction
In the previous RAN4 meeting, some initial considerations on RRM impact in NR SI was discussed. And at the same time, RAN1 agreed that some certain physical design can be specified depending on the carrier frequency range, e.g. NR-SS subcarrier spacing and transmission bandwidth. 

In this contribution based on the latest agreements of RAN1&RAN2 we provide some further considerations on NR RRM requirements impacts from these physical layer parameters relying on the carrier frequency. 
2 Discussion 
The latest RAN1 agreements on the NR-SS in NR achieved are self-contained below. 
	R1-1703700    WF on NR-SS default parameters    NTT DOCOMO, Interdigital
Agreements:
· RAN1 considers following parameter setscategories with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design
· Frequency range category Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 5 MHz
· Frequency range category Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 10 MHz
· Frequency range category Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 40 MHz
· Frequency range category Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 80 MHz
· Note that association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4
· Note that each subcarrier spacing is associated with single sequence length and transmission bandwidth
· Note that additional frequency range category parameter set or further down selection of frequency range category parameter set is not precluded
· This agreement does not preclude any subcarrier spacing for data channel
R1-1704075     WF on NR UE bandwidth    Motorola Mobility, Lenovo

Agreements:
· Study minimum UE BW for eMBB and URLLC, [B], for NR considering at least the following aspects
· Single or multiple values for B
· Considering following aspects
· frequency range (e.g. below 6 GHz vs. above 6 GHz)
· NR-SS transmission bandwidth
· NR-PBCH transmission bandwidth
· NR SS block bandwidth
· UE type
· DL/UL control design
· DL/UL data reception/transmission for UE
· Coexistence among UEs with potentially different minimum UE bandwidth
· etc.
· Note: This study is for RAN1 understanding on what min UE BW is supported in RAN1 NR design. 
R1-1703593    WF on NR-SS periodicity    NTT DOCOMO, AT&T, ITL, Orange, Mitsubishi Electric, InterDigital, Panasonic, ZTE, ZTE Microelectronics, Ericsson
Agreements:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms
· Note that L1/L3 filtering across multiple periods is still allowed
· FFS more than one periodicity/timing/duration indication 
· NR should support set of SS burst set periodicity values for adaptation and network indication
· Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  
· FFS other values with consideration for functionalities provided by NR-SS in connected mode
FFS whether to support NR-PBCH in non-standalone NR ce

 

R1-1703885    WF on SS burst set Periodicity for Stand-Alone NR    Intel, Samsung, LG Electronics, Qualcomm, IITH, CeWIT, IITM, Tejas Networks, ETRI, CATT, ITL, ZTE, WILUS, Spreadtrum, Interdigital, CMCC

Agreements:
· For initial cell selection for NR cell, UE assume the following default SS burst set periodicity
· For carrier frequency range category #A : TBD among 10, 20 ms
· E.g. range for #A (0 ~ 6 GHz)
· For carrier frequency range category #B : TBD among 10, 20 ms
· E.g. range for #B (6 GHz ~ 60 GHz )
· Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.
· Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms
· Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS
· RAN4 will determine the exact values of frequency ranges
· The exact frequency ranges for category #A and #B is subject to further discussion in RAN1 and RAN1 will provide input to RAN4 to finalize the exact values. 
· Note that UE is not expected to detect cell that do not conform to the default SS burst set periodicity
RAN1 will definitely down select the values from 10, 20 ms in the next meeting




Firstly as RAN1 agreed the parameter set of NR-SS (including the subcarrier spacing and the maximum transmission bandwidth) will be specified at the different frequency range. In NR, the NR-SS length will be determined by NR subcarrier spacing and transmission bandwidth at least. For instance, in today’s LTE specification, the length of PSS/SSS is based on the minimum transmission bandwidth and subcarrier spacing. And in principle the NR-SS sequence length is one of most critical factors for the cell search performance. That is UE may achieve the distinct cell search and synchronization performance when the deployment carrier frequencies are different.
On the other hand for the standalone NR, the SS burst set periodicity can be different depending on the carrier frequency range. For example, it is possible the 10ms periodicity when the carrier frequency is below 6GHz, and 20ms above 6GHz. So the interval for the next available cell detection will be totally extended if this last one failed. In other words, even if the cell search performance under the single attempt is same, such different SS periodicities may result in the quite diverse cell search time requirements because of the different SS burst set periodicity in the different frequency range. 
Observation 1: NR cell search performance based on NR-SS can be quite different especially regarding to the different burst periodicity in the different frequency range.
However regarding to the current LTE RAN4 specification, the frequency agnostic requirements for cell search/identification were defined, which can simplify both standardization and testing works. Thus in RAN4 the other solution to handle the different NR cell search requirements within the different NR-SS burst periodicity can be expected also, e.g. the generic requirements with the metrics represented by the periodicity of NR-SS burst, which is similar as the cell identification requirements for SCE in Rel13. 
	8.6.2.1.1
E-UTRAN FDD intra frequency measurements

8.6.2.1.1.1
E-UTRAN FDD intra frequency measurements when no DRX is used
When no DRX is in use the UE shall be able to identify a new detectable FDD intra frequency cell within Tidentify_intra_SCE,

Tidentify_intra_SCE = 12* TDMTC_periodicity + TMeasurement_Period _intra_FDD_CRS


Proposal 1: In NR the cell identification requirement based on NR-SS may be defined with frequency agonistic one denoted by the NR-SS burst periodicity.
Secondly in NR the different subcarrier spacing may lead the difference of minimum resolution (e.g. 1Ts). For other RRM requirement in LTE specified by “Ts” (e.g. RSTD and UE Rx-Tx time difference) should be impacted as well. That is these RRM requirements shall be defined with frequency-specific approach. 
Observation 2a: The RRM requirements on the timing related requirements (e.g. Te Timing Error,) may be defined with frequency range specific.
However if the minimum Ts can be defined in NR (e.g.“Ts_NR”), the specific Ts for the carriers can be always represented by it. For instance, the Ts_NR can be defined when the subcarrier spacing is 60KHz; then the Ts for the 15KHz subcarrier can be 4* Ts_NR. In other words, such RRM requirements on the timing related (e.g. “Te” Timing Error, measurements for the positioning) can be defined by this reference minimum subcarrier spacing and Ts_NR also.

Observation 2b: The RRM requirements on the timing (e.g. Te Timing Error, measurements for the positioning) may be defined with frequency agnostic way if the minimum “Ts” valid in NR.
Moreover, it shall be noted that other important physical parameters, e.g. the minimum NR carrier bandwidth is up to the frequency range.

	Agreements:
· For carrier supporting initial access,
· For frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent
· For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent
· RAN1 considers that RAN4 will determine mapping between frequency band and minimum carrier bandwidth value in consideration with above
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· NR minimum carrier bandwidth for mMTC is FFS



Obviously the minimum measurement bandwidth could be proportional to the minimum carrier bandwidth. Thus if the minimum carrier bandwidth is specified regarding to the frequency band, the minimum measurement bandwidth from RAN4 RRM perspective needs to be defined with the frequency-specific also. 
Observation 3: The frequency range specific minimum measurement bandwidth may be needed in RAN4.
Additionally the minimum SS blocks number to be supported can be depended on the frequency range. As a result, the total number of beams which UE can measured is up to the carrier frequency also. Therefore, the RRM requirements (e.g. the inter-beams/TRPs measurement) may be depends on the number of beams (SS blocks) to be supported.
	R1-1703871    WF on SS burst set composition    Huawei, HiSilicon, ZTE, ZTE Microelectronics, ITL, Motorola Mobility, Lenovo, NTT DoCoMo, [Intel], InterDigital, Sequans
Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]
· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
· FFS: L for additional frequency range category
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)



Observation 4: The UE capability of the measured beams needs to be frequency specific in RAN4.

In summary, the RRM requirements which may be up to the frequency range are given as below.
	Frequency range depended parameters in NR
	Potential RRM requirements impacted

	 NR-SS Subcarrier spacing
	Cell identification time, RSTD, Te error


	NR-SS transmission bandwidth
	Cell identification time , RSRP/RSRQ measurement accuracy , minimum measurement BW

	NR-SS burst periodicity
	Cell identification time, RSRP/RSRQ measurement delay

	NR minimum transmission bandwidth
	Minimum measurement bandwidth

	Number of SS blocks
	UE capability of inter-beams/TRPs measurement


Therefore, the proposal below can be drawn:

Proposal 2: In NR regarding the physical parameters variance depending on the frequency range, the necessary frequency specific RRM requirements shall be studied in RAN4.  
3 Conclusion
In this contribution the RRM impacts from the frequency specific physical parameters in NR was provided. The following observations and proposals can be drawn: 
Observation 1: NR cell search performance based on NR-SS can be quite different especially regarding to the different burst periodicity in the different frequency range.
Observation 2a: The RRM requirements on the timing related requirements (e.g. Te Timing Error,) may be defined with frequency range specific.
Observation 2b: The RRM requirements on the timing (e.g. Te Timing Error, measurements for the positioning) may be defined with frequency agnostic way if the minimum “Ts” valid in NR.
Observation 3: The frequency range specific minimum measurement bandwidth may be needed in RAN4.

Proposal 1: In NR the cell identification requirement based on NR-SS may be defined with frequency agonistic one denoted by the NR-SS burst periodicity.
Proposal 2: In NR regarding the physical parameters variance depending on the frequency range, the necessary frequency specific RRM requirements shall be studied in RAN4.
4 References

[1] R1-17xxxx, “RAN1 #88 Chairman’s Notes”
[2] 3GPP TS 36.133 v14.1.0: "Evolved Universal Terrestrial Radio Access (E-UTRA): Requirements for support of radio resource management "

[3] New SID Proposal: Study on New Radio Access Technology, NTT DoCoMo
