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3GPP agreed on specifying NR in less than 5 MHz bandwidth. WID can be found in RP-222645 and same is copied below for reference.   
· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n8, n26 and n28:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.

In this contribution, we look at the RRM requirements that may be impacted due to introduction of NR in less than 5 MHz bandwidth. 
Discussion	Comment by Kittipong Kittichokechai: To add a short section about the high-speed scenario that impacts should be investigated + some examples of relevant requirements if any.
From the WID we can observe that RRM task is to specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
Further, in LS to RAN1 [5], following is agreed by RAN plenary. 
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· Other details (including sync raster details) are to be progressed in the WGs.
Further, in LS to RAN4 [6], following is agreed by RAN plenary. 
RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following:
· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels. 
· It is assumed that UE support of the <5MHz feature is band-specific and optional.
[bookmark: _Hlk130374632]RAN Plenary has discussed question 2 on the feature list to be considered and concluded that the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1.

From the above RANP LS reply to RAN1 and RAN4, we can observe that, PBCH transmission BW is 12 PRB for band n100 and RAN1 may discuss whether the 12PRB PBCH transmission BW shall be considered for other bands too. For other bands PBCH transmission BW is agreed as 20 PRB. 
Proposal 1:  RAN4 to study RRM requirements impact for 12PRB PBCH transmission and 20 PRB PBCH transmission. 
In NR, RAN4 UE minimum performance requirements are defined assuming UE channel bandwidth is 5MHz or higher than 5 MHz. When the channel bandwidth is less than 5 MHz (e.g., around 3 MHz), the number of samples RAN4 assumed for defining different requirements may or may not hold. In some cases, UE may need additional samples or different accuracy requirements. In this paper, we revisit the RAN4 RRM requirements (e.g., TS 38.133) to see whether the defined requirements have BW impact on them.  
If we look at the 38.133 for RRM requirements, they are roughly organised as following high level categories.
1) Mobility requirements
2) Timing requirements
3) RLM
4) Interruption requirements for various procedures
5) Carrier aggregation and DC related 
6) UE UL carrier reconfiguration requirements
7) Link recovery procedures 
8) BWP switching delay requirements 
9) TCI state switching requirements 
10) Measurement requirements
11) Measurement performance requirements 
In the below sections we analyse the less than 5MHz BW impact on the each RRM requirements.
[bookmark: _Toc5952573]Impact on mobility requirements 
In TS 38.133 mobility requirements are further studied or specified as following subcategories, and we look at the requirements that are going to be impacted.
a. Idle state mobility 
b. Inactive state mobility
c. Connected state mobility
d. RACH requirements
Mobility requirements
To understand the impact of short BW on the HO requirement, we look at the HO requirements.
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
	Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs for both known and unknown target cell.
	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
	Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the measObjectNRs having the same SSB frequency and subcarrier spacing configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
In the above requirements cell search may depend on the BW. Details can be further studied in future meetings. 
Proposal 2:  Cell search requirements and HO requirements shall be further investigated for potential impact. 
Random access requirements
From below RAN1 agreement, RACH requirements do not need to be enhanced  
· No enhancements are required for PRACH 
· Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for transmission
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable.

Proposal 3:  RAN4 to agree that RACH requirements do not need to be enhanced. 

Impact on the Timing requirements    
In TS 38.133 timing requirements are further categorised in following subcategories, and we look at the requirements that are going to be impacted.
a) UE transmit timing requirements
b) Timer accuracy requirements
c) Timing advance requirements
d) Cell phase synchronisation accuracy 
e) MTTD
f) MRTD
 UE transmit timing requirements
From the timing perspective one of the main requirements defined in TS 38.133 is initial transmit timing error. To analyse the initial transmit timing error requirements, we look at the principles used in legacy systems and see if there is any need for initial transmit timing error update.  
The legacy NR system SSB block design is shown below:
[image: ]
Figure 1: SSB Block
From the figure1, we can observe that the PSS and SSS blocks use 127 subcarriers. This corresponds to 1.905 MHz at SCS = 15 kHz. Since the downlink time reference is decided by the UE decoding PSS and SSS and the UE initial transmission timing error, Te is a function of the downlink time reference and internal UE margins.
In [2] RAN1 gives some guidance regarding channel bandwidths:
Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
…
Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS

Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured
      …
Based on the above agreements and analysis we can conclude that the existing PSS and SSS would fit any channel bandwidth for SCS = 15 kHz if the channel bandwidth is bigger than or equal to 1.905 MHz.
Observation 1: existing PSS and SSS would fit any channel bandwidth for SCS = 15 kHz as long as the channel bandwidth is bigger than or equal to 1.905 MHz.
Further we look at the LTE requirements which supports 3Mhz channel bandwidths so that we can get some insight into the transmit timing error requirement. TS 36.133, section 7.2 states:
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note:	TS is the basic timing unit defined in TS 36.211



Table 1: UE initial transmission timing error, Te (Table 7.1.2-1: Te Timing Error Limit in TS 36.133)
Based on the above table, we can say that legacy NR and LTE has same transmit timing requirements even for less than 5 MHz channel bandwidths. From this we can say that we can reuse the LTE requirement for UE initial transmission timing error, Te, for any channel bandwidth bigger than 1.905 MHz and certainly for a channel bandwidth of 3 MHz, regardless of we use 12, 15 or 16 PRB. In [3], when Te for NR was developed, it is stated:
 “When determining the achievable Tx timing accuracy, we are using the same assumption as for LTE, i.e. UE is required to achieve Tx timing accuracy of 1.5 times sampling interval”
For 15 PRB and SCS = 15 kHz covering 3 MHz and 15 PRB then a sample frequency of 4 Ts would suffice resulting in an achievable TX timing accuracy of 6 Ts using this metric with a 50% margin. In fact for 12 PRB a sampling interval of 8 Ts would suffice, which would result in 12 Ts, again. 
Proposal 4:  Reuse the LTE requirement for UE initial transmission timing error, Te = 12 Ts for a channel bandwidth of 3 MHz, regardless of we use 12, 15 or 16 PRB.
MTTD and MRTD    
We think MTTD and MRTD requirements depend on the deployment scenario, and we think deployment scenario for less than 5 MHz systems will not be different than the NR FR1 systems. Hence, we think MTTD and MRTD requirements can be reused.
Proposal 5:  MRTD and MTTD requirements of legacy NR to be reused for NR less than 5MHz
Other timing requirements
The timing related requirements, Timer accuracy requirements, Timing advance requirements and Cell phase synchronisation accuracy can reuse the requirements of legacy NR. 
Proposal 6:  The timing related requirements Timer accuracy requirements, Timing advance requirements and Cell phase synchronisation accuracy can reuse the requirements of legacy NR.
Impact on RLM
For the radio link monitoring out-of-sync, RAN4 specified the evaluation period to determine the radio link quality is worse than the threshold Qout and indicate the out-of-sync to the higher layer. The threshold Qout corresponding to hypothetical PDCCH BLER of 10% with the transmission parameters shown in Table 1. The link quality is evaluated for SSB or CSI-RS according to the network configuration. When we look the PDCCH transmission parameters, it is assumed the PDCCH BW is 24RB and aggregation level is 8 with the power boosting of 4dB.  
For the radio link monitoring in-sync, RAN4 specified the evaluation period to determine the radio link quality is better than the threshold Qin and indicate the in-sync to the higher layer. The threshold Qin corresponding to hypothetical PDCCH BLER of 2% with the transmission parameters shown in Table 1. The link quality is evaluated for SSB or CSI-RS according to the network configuration. When we look the PDCCH transmission parameters, it is assumed the PDCCH BW is 24RB and aggregation level is 4. 
Table 2 shows the evaluation period for CSI-RS based BFD specified in TS38.133 8.1.3. For CSI-RS based RLM, the evaluation period is based on the number of CSI-RS samples (Mout  for out-of-sync and Min for in-sync), measurement gap factor (P), CSI-RS transmission periodicity (TCSI-RS), and DRX cycle length (TDRX). According to TS38.133, Mout = 20 and Min = 10, are derived with the assumption CSI-RS is Density = 3 and over the bandwidth ≥ 24 PRBs.
Observation 2: For RLM OOS, Qout is derived based on the assumption PDCCH is transmitted with AL8 with power boosting of 4dB. 
Observation 3: For RLM IS, Qin is derived based on the assumption PDCCH is transmitted with AL4. 
Observation 4: CSI-RS based RLM evaluation period is derived based on the assumption CSI-RS is transmitted with 24RB.  
[bookmark: _Ref127452852]Table 1	PDCCH transmission parameters for RLM Out-of-sync and In-sync. 
	Attribute
	Out-of-sync
	In-sync

	DCI format
	1-0
	1-0

	Number of control OFDM symbols
	2
	2

	Aggregation level (CCE)
	8
	4

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	4dB
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	4dB
	0dB

	Bandwidth (PRBs)
	24
	24

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size
	REG bundle size

	REG bundle size
	6
	6

	CP length
	Normal
	Normal

	Mapping from REG to CCE
	Distributed
	Distributed



[bookmark: _Ref127452869]Table 2	CSI-RS based RLM evaluation period for FR1
	
Table 8.1.3.2-1: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR1
	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	Max(200, Ceil(Mout×P)×TCSI-RS)
	Max(100, Ceil(Min×P) × TCSI-RS)

	DRX ≤ 320ms
	Max(200, Ceil(1.5×Mout×P)× Max(TDRX, TCSI-RS))
	Max(100, Ceil(1.5×Min×P)× Max(TDRX, TCSI-RS))

	DRX > 320ms
	Ceil(Mout×P) × TDRX
	Ceil(Min×P) × TDRX

	NOTE:	TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10ms, 20 ms or 40 ms. TDRX is the DRX cycle length.



The values of Mout and Min used in Table 8.1.3.2-1, Table 8.1.3.2-2, Table 8.1.3.2-3 and Table 8.1.3.2-4 are defined as:
-	Mout = 20 and Min = 10, if the CSI-RS resource configured for RLM is transmitted with higher layer CSI-RS parameter density [6, clause 7.4.1] set to 3 and over the bandwidth ≥ 24 PRBs.



According to RAN1 agreements, when the transmission channel bandwidth is 3MHz, the available RB size is 15 or 16, which is not enough to transmit assumed PDCCH symbols for OOS (i.e., AL8) and CSI-RS bandwidth (24RB). Also PDCCH power boosting assumption 4dB is the maximum value according to TS38.104 Table 6.3.2.2-1. On the other hand, it is possible to transmit PDCCH for IS even if the transmission CBW is 15RB.  
The thresholds, Qout and Qin, are based on the hypothetical PDCCH BLER. This means gNB does not need to configure them in the real network. We therefore propose RAN4 does not modify the transmission parameters but the UE capable of 3MHz CBW should derive Qout and Qin with the assumption the PDCCH is transmitted with AL8 and AL4, respectively. With the setup UE can keep the same Qout and Qin regardless of the transmission BW. 
Proposal 7:  For RLM OOS and IS for CBW less than 5MHz, thresholds Qout and Qin should be derived with the assumption the PDCCH is transmitted with the same parameters as TS38.133 8.1.2.1 and 8.1.3.1 even if the PDCCH transmission bandwidth exceeds the transmission channel bandwidth.
Smaller CSI-RS bandwidth may affect to the channel quality measurement accuracy. One option is to extend the evaluation period by about 1.5 (≈ 24RB / 15RB) to keep the same measurement accuracy. On the other hand, in our understanding, SSB-based RLM evaluation is based on SSS. Since SSS is not punctured, we can apply the same evaluation period for SSB-based RLM.
Proposal 8:   RAN4 can keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB and TEvaluate_in_SSB for CBW less then 5MHz.
Proposal 9:  RAN4 should extend the CSI-RS based RLM evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS and Mout = [15] (=1.5*10) for IS for CSI-RS within the channel bandwidth below 24RB. 
 Impact on various interruption requirements
In general, interruption requirements are specified on the other active serving cells. That means these are specified for CA and DC scenarios. However, as per the WID in Rel-18, only single carrier is considered, and CA or DC is not supported and hence interruption requirements are not going to be impacted.
Proposal 10:   RAN4 to agree that interruption requirements on other active serving cells need not be studied and specified.
 Impact on CA and DC related procedures
As per the WID in Rel-18, only single carrier is considered, and CA or DC is not supported and hence these requirements are not going to be impacted. 
Proposal 11:  RAN4 to agree that following requirements are not impacted due to introduction of NR in less than 5 MHz bandwidth
a. SCell activation and deactivation requirements
b. PSCell addition/change
c. SCG activation/deactivation
d. Conditional PSCell change requirements
 UE UL carrier reconfiguration 
Following requirement is specified for UE UL carrier reconfiguration.
	When the UE receives a RRC message implying NR UL or supplementary UL carrier configuration, the UE shall be ready to start transmission on the newly configured carrier within TUL_carrier_config from the end of slot n.
Where
-	Slot n is the last slot overlapping with the PDSCH containing the RRC command.
-	TUL_carrier_config equals the maximum RRC procedure delay defined in clause 11.2 in TS 36.331 [16] if the corresponding RRC message is embedded in E-UTRA RRC message, otherwise it equals the maximum RRC procedure delay defined in clause 12 in TS 38.331 [2].



From the above requirement we could observe that same requirement (SUL is not supported) can be applied and we do not see any impact to this section of the requirements too.
Proposal 12:  RAN4 to agree that UL carrier reconfiguration requirements can be reused for NR less than 5 MHz.
 Link recovery procedures
Link recovery procedures mainly consists of beam failure detection and candidate beam detection.
Beam failure detection (BFD)
For the beam failure detection, RAN4 specified the evaluation period to determine the radio link quality is worse than the threshold Qout_LR and indicate the beam failure to the higher layer. The threshold Qout_LR corresponding to hypothetical PDCCH BLER of 10% with the transmission parameters shown in Table 3. The link quality is evaluated for SSB or CSI-RS according to the network configuration. When we look the PDCCH transmission parameters, it is assumed the PDCCH BW is 24RB and aggregation level is 8. 
Table 4 shows the evaluation period for CSI-RS based BFD specified in TS38.133 8.5.3. For CSI-RS based BFD, the evaluation period is based on the number of CSI-RS samples (MBFD), measurement gap factor (P), CSI-RS transmission periodicity (TCSI-RS), DRX cycle length (TDRX), and sharing factor (PBFD). According to TS38.133, MBFD = 10, is derived with the assumption CSI-RS is Density = 3 and over the bandwidth ≥ 24 PRBs.
Observation 5: For BFD, Qout_LR is derived based on the assumption PDCCH is transmitted with AL8. 
Observation 6: CSI-RS based BFD evaluation period is derived based on the assumption CSI-RS is transmitted with 24RB.  

[bookmark: _Ref127449362]Table 3	PDCCH transmission parameters for beam failure instance
	Attribute
	Value for BLER

	DCI format
	1-0

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	Bandwidth (PRBs)
	24

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed



[bookmark: _Ref127449447]Table 4	CSI-RS based BFD evaluation period for FR1
	Table 8.5.3.2-1: Evaluation period TEvaluate_BFD_CSI-RS for FR1
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	Max(50, Ceil(MBFD  P  PBFD)  TCSI-RS)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5 × MBFD  P  PBFD)  Max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	Ceil(MBFD  P  PBFD)  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



The values of MBFD used in Table 8.5.3.2-1 and Table 8.5.3.2-2 are defined as
-	MBFD = 10, if the CSI-RS resource(s) in set [image: ] used for BFD is transmitted with Density = 3 and over the bandwidth ≥ 24 PRBs.



According to RAN1 agreements, when the transmission channel bandwidth is 3MHz, the available RB size is 15 or 16, which is not enough to transmit assumed PDCCH symbols (i.e., AL8) and CSI-RS bandwidth (24RB). For the threshold, Qout_LR, it is based on the hypothetical PDCCH BLER. We therefore propose RAN4 does not modify the transmission parameters but the UE capable of 3MHz CBW should derive Qout_LR with the assumption the PDCCH is transmitted with AL8. With the setup UE can keep the same Qout_LR regardless of the transmitted CBW. 
Proposal 13:  For BFD for CBW less than 5MHz, threshold Qout_LR, should be derived with the assumption the PDCCH is transmitted with the same parameters as TS38.133 Table 8.5.2.1-1 even if the PDCCH transmission bandwidth exceeds the transmission channel bandwidth.
Smaller CSI-RS bandwidth may affect to the channel quality measurement accuracy. One option is to extend the evaluation period by about 1.5 (≈ 24RB / 15RB) to keep the same measurement accuracy. On the other hand, in our understanding, SSB-based BFD evaluation is based on SSS. Since SSS is not punctured, we can apply the same evaluation period for SSB-based BFD.
Proposal 14:   RAN4 apply the existing SSB based BFD evaluation period TEvaluate_BFD_SSB for CBW less then 5MHz.
Proposal 15:  RAN4 should extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less then 5MHz, where MBFD = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB. 

Candidate beam detection (CBD)
For the candidate beam detection, RAN4 specified the evaluation period to detect one SSB or CSI-RS based beam whose L1-RSRP exceeds the threshold rsrp-ThresholdSSB signalled by the network. 
Table 5 shows the evaluation period for CSI-RS based CBD specified in TS38.133 8.5.6. For CSI-RS based CBD, the evaluation period is based on the number of CSI-RS samples (MCBD), measurement gap factor (P), CSI-RS transmission periodicity (TCSI-RS), DRX cycle length (TDRX), and sharing factor (PCBD). According to TS38.133, MCBD = 3, is derived with the assumption CSI-RS is Density = 3 and over the bandwidth ≥ 24 PRBs.
[bookmark: _Ref127451990]Table 5	CSI-RS based CBD evaluation period for FR1
	Table 8.5.6.2-1: Evaluation period TEvaluate_CBD_CSI-RS for FR1
	Configuration
	TEvaluateC_CBD_CSI-RS (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Max(25, Ceil(MCBD  P  PCBD)  TCSI-RS)

	DRX cycle > 320ms
	Ceil(MCBD  P  PCBD)  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



The values of MCBD used in Table 8.5.6.2-1 and Table 8.5.6.2-2 are defined as
-	MCBD = 3, if the CSI-RS resource configured in the set [image: ] is transmitted with Density = 3 and over the bandwidth ≥ 24 PRBs.



Observation 7: CSI-RS based CBD evaluation period is derived based on the assumption CSI-RS is transmitted with 24RB.  
Smaller CSI-RS bandwidth may affect to the L1-RSRP measurement accuracy used for CBD. One option is to extend the evaluation period by about 1.5 (≈ 24RB / 15RB) to keep the same measurement accuracy. On the other hand, in our understanding, SSB-based CBD evaluation is based on SSS. Since SSS is not punctured, we can apply the same evaluation period for SSB-based CBD.
Proposal 16:  RAN4 apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW less then 5MHz.
Proposal 17:  RAN4 should extend the CSI-RS based CBD evaluation period TEvaluate_CBD_CSI-RS for CBW less then 5MHz, where MBFD = [5] (= 1.5*3) for CSI-RS within the channel bandwidth below 24RB. 

 Impact on BWP switching requirements
In this section we look at bandwidth part switching and UE channel bandwidth switching requirements impact. Main purpose of introducing the BWP and CBW switching is for allowing flexible BW configuration for the UE to balance power consumption and higher data requirements. Since the BW supported is already less we do not think BWP and CBW switching features are necessary.
Even if they are supported, we think most of the BWP switching delay comes from the UE SW and RF retuning delays and they do not depend on the BW size. Hence, we think these requirements are not going to be impacted.
Proposal 18:  RAN4 to agree that BWP switching and CBW requirements are not impacted with introduction of NR less than 5 MHz.

 Impact on TCI state switching requirements 
In the TCI state switching discussion we need to consider DL TCI state switching and UL TCI state switching. Currently NR supports two types of TCI state switching frameworks. 
1. Legacy TCI state switching framework 
2. Unified TCI state switching framework
Before agreeing on the requirements, we should first have understanding on the framework that is going to be supported. Further based on the TCI state switching framework agreed to adapt for this feature we may need to look at UL spatial relation info switch and PL-RS switch.  
Since this WI do not have multiple TRP under the objective, TRP specific requirements need not be studied or investigated.   
Since the TCI state framework selection is kind of RAN1 decision. RAN4 may request for RAN1 feedback. 
Proposal 19:  RAN4 to request RAN1 about the TCI state switching framework to be used for NR less than 5MHz. RAN4 to send LS to RAN1 to confirm the same.
Proposal 20:  TCI state switching requirements impact can be further studied after the framework is clear.
Measurement requirements
We look at the measurement core requirements and their expected impact due to less than 5 MHz BW. In the existing TS 38.133 spec, measurement core requirements are further specified under following sections. 
a. L3 measurement requirements
b. L1 measurement requirements
c. Positioning requirements 
d. HST measurements 

L3 measurement requirement 
L3 measurement requirements are based on SSB, and in our understanding UE uses SSS to measure SS-RSRP/SS-SINR. For SS-RSRQ, we think UE can adjust the NR carrier RSSI measurement bandwidth according to the configured CBW even if a part of SSB is punctured. Since RAN1 has agreed SSS is not punctured even for CBW less than 5MHz, we don’t expect any impact for RAN4 L3 measurement requirements. 
Proposal 21:  RAN4 apply the exiting L3 measurement requirements for CBW less than 5MHz. 

L1 measurement requirements 
As a part of CSI reporting, UE shall report the L1-RSRP measurement results for the configured SSB and/or CSI-RS resources. The network configures the L1-RSRP reporting with periodic reporting with PUCCH, semi-persistent reporting with PUCCH/PUSCH, or aperiodic reporting with PUSCH. For L1-RSRP reporting, RAN4 specified the measurement period.
Table 6 shows the measurement period of CSI-RS based L1-RSRP for FR1 used for beam reporting specified in TS38.133 9.5.4. For CSI-RS based L1-RSRP measurement, the evaluation period is based on the number of CSI-RS samples (M), measurement gap factor (P), CSI-RS transmission periodicity (TCSI-RS), DRX cycle length (TDRX), high speed relaxation factor (K), and the minimum measurement period of TReport (configured periodicity of L1-RSRP reporting). The number of CSI-RS samples, M, depends on the configuration; it is set to 1 if timeRestrictionForChannelMeasurement is configured and set to 3 otherwise. 
Unlike CSI-RS based RLM/BFD/CBD, CSI-RS based L1-RSRP measurement period does not limit the CSI-RS bandwidth. Therefore we propose RAN4 reuse the existing CSI-RS based L1-RSRP measurement period requirements for the CBW less than 5MHz.
For SSB based L1-RSRP measurement, like SSB based RLM/BFD/CBD, UE uses SSS for L1-RSRP estimation. Since RAN1 agreed SSS is not punctured even if the transmission CBW is less than 5MHz, we propose RAN4 reuse the existing SSB based L1-RSRP measurement period requirements for the CBW less than 5MHz.
Proposal 22:  RAN4 apply the existing SSB based L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB for CBW less then 5MHz.
Proposal 23:  RAN4 apply the existing CSI-RS based L1-RSRP measurement period TL1-RSRP_Measurement_Period_CSI-RS for CBW less then 5MHz.

[bookmark: _Ref127455182]Table 6	CSI-RS based L1-RSRP measurement period for FR1
	
Table 9.5.4.2-1: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:	K = 1 when TCSI-RS ≤ 40 ms and highSpeedMeasFlag-r16 or highSpeedMeasCA-Scell-r17 are configured; otherwise K = 1.5.
Note 4:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or intraNR-MeasurementEnhancement-r16 or measurementEnhancementCA-r17.



The value of TL1-RSRP_Measurement_Period_CSI-RS is defined in Table 9.5.4.2-1 for FR1 and in Table 9.5.4.2-2 for FR2, where
-	For periodic and semi-persistent CSI-RS resources, M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise
-	For aperiodic CSI-RS resources M=1 




RAN4 also specified the L1-RSRP measurement accuracy requirements based on the measurement period above. The clause below is CSI-RS based L1-RSRP absolute accuracy in FR1 specified in TS38.133 10.1.19. Unlike L1-RSRP measurement period, the existing CSI-RS based L1-RSRP accuracy requirements are set based on the assumption CSI-RS bandwidth is 48, which is much larger than the assumption.
Observation 8: CSI-RS based L1-RSRP measurement accuracy requirements are valid for CSI-RS bandwidth of 48 or more.  
Since most exiting frequency bands can support 10MHz CBW, it is feasible to consider 48RB to specify the measurement accuracy requirements. For this WI, however, RAN4 is going to specify the requirements for CBW less than 5MHz. Therefore RAN4 need to discuss whether to define CSI-RS based L1-RSRP measurement accuracy requirements with CSI-RS is less than 24RB in the performance part. If RAN4 apply the same measurement period TL1-RSRP_Measurement_Period_CSI-RS, for example, RAN4 may need to consider to relax the accuracy requirements. 
Proposal 24:  In the performance part, RAN4 should discuss whether to define CSI-RS based L1-RSRP measurement accuracy requirements with CSI-RS is less than 24RB. 
	10.1.19.2	CSI-RS based L1-RSRP accuracy requirements
10.1.19.2.1	Absolute Accuracy
Unless otherwise specified, the requirements for absolute accuracy of CSI-RS based L1-RSRP in this clause apply to all CSI-RS resources of the serving cell configured for L1-RSRP measurement.
The accuracy requirements in Table 10.1.19.2.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-1 [18] for reference sensitivity are fulfilled.
-	Conditions for L1-RSRP measurements are fulfilled according to Annex B.2.4.2 for a corresponding Band for each relevant CSI-RS.
-	The bandwidth of CSI-RS is 48 PRBs and the density is 3.
The performance with larger bandwidth of CSI-RS is equal to or better than the accuracy requirements in Table 10.1.19.2.1-1.



In Rel-16, RAN4 defined L1-SINR measurement requirements including measurement period and accuracy, as same as L1-RSRP measurement requirements. Since RAN4 has reused the same framework for L1-SINR reporting, we think the RAN4 can apply the existing L1-SINR measurement period requirements for CBW less than 5MHz for any CMR/IMR configurations but RAN4 may need to revisit the measurement accuracy requirements because CSI-RS based CMR and CSI-RS/CSI-IM based IMR are assumed to set 48RB. However since L1-SINR is optional feature, RAN4 first need to discuss whether L1-SINR reporting requirements are applicable for CBW less than 5MHz. If agreed, RAN4 should apply the same conclusion as L1-RSRP measurement requirements. 
Proposal 25:  RAN4 should discuss whether L1-SINR measurement requirements are applicable for CBW less than 5MHz. 
Proposal 26:  If RAN4 agree that L1-SINR measurement requirements are applicable for CBW less than 5MHz, apply the same conclusion as L1-RSRP measurement requirements for CBW less than 5MHz.  
Positioning measurements:
UE based positioning:
As per the WID the RS supported for study is SSB and CSI-RS. Since the PRS is not supported, at least PRS based positioning methods are out of scope of the work item. Since UE based positioning is based on the DL PRS we think UE based positioning is out of scope of the WID.
gNB based positioning:
gNB based positioning is based on the SRS and since the WID do not say about SRS, we think this is also out of scope of the WID. 
Proposal 27:  RAN4 to agree that defining positioning requirements are out of scope of the WID
HST measurements 
Compared to NR requirements, in HST, the measurement delay is shorter and with the reduced bandwidth, whether the same set of requirements applies or not may need to be investigated.  
Proposal 28:  RAN4 to look at possible impact to HST requirements due to shorter PBCH bandwidth
 Measurement performance requirements
NR measurement accuracy is derived under certain number of PRB are used for measurement. That means same measurement accuracy may or may not be usable for NR less than 5 MHz systems. Further measurement accuracy is a performance requirement we can study them during the performance stage.
Proposal 29:   RAN4 to agree that measurement performance requirements are studied during the performance stage.

Other issues
RAN1 has agreed to puncture a part of PBCH resource blocks to fit to CBW less than 5MHz. Since PBCH is used for MIB transmission, the puncturing of PBCH may affect to the MIB acquisition time (TMIB) and SI acquisition time (TSI). RAN4 does not specify the exact values for TMIB/TSI in the core requirements and the exact values are set in the performance part. Since RAN1 is still discussing the detailed puncturing method for PBCH in CBW less than 5MHz, we propose RAN4 will discuss the exact values for TMIB/TSI in the performance part if necessary. 
Proposal 30:  RAN4 to discuss whether TMIB/TSI is relaxed due to the PBCH puncturing during the performance stage.

Summary and Conclusion
In this contribution we have analysed RAN4 aspects for NR less than 5 MHz and made following proposals. 
Mobility:
Proposal 1:  RAN4 to study RRM requirements impact for 12PRB PBCH transmission and 20 PRB PBCH transmission. 
Proposal 2:  Cell search requirements and HO requirements shall be further investigated for potential impact.
Proposal 3:  RAN4 to agree that RACH requirements do not need to be enhanced. 

Timing:
Proposal 4:  Reuse the LTE requirement for UE initial transmission timing error, Te = 12 Ts for a channel bandwidth of 3 MHz, regardless of we use 12, 15 or 16 PRB.
Proposal 5:  MRTD and MTTD requirements of legacy NR to be reused for NR less than 5MHz
Proposal 6:  The timing related requirements Timer accuracy requirements, Timing advance requirements and Cell phase synchronisation accuracy can reuse the requirements of legacy NR.
RLM:
Proposal 7:  For RLM OOS and IS for CBW less than 5MHz, thresholds Qout and Qin should be derived with the assumption the PDCCH is transmitted with the same parameters as TS38.133 8.1.2.1 and 8.1.3.1 even if the PDCCH transmission bandwidth exceeds the transmission channel bandwidth.
Proposal 8:  RAN4 can keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB and TEvaluate_in_SSB for CBW less then 5MHz.
Proposal 9:  RAN4 should extend the CSI-RS based RLM evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS and Mout = [15] (=1.5*10) for IS for CSI-RS within the channel bandwidth below 24RB.
Interruption, CA and DC:
Proposal 10:  RAN4 to agree that interruption requirements on other active serving cells need not be studied and specified

Proposal 11:  RAN4 to agree that following requirements are not impacted due to introduction of NR in less than 5 MHz bandwidth
a. SCell activation and deactivation requirements
b. PSCell addition/change
c. SCG activation/deactivation
d. Conditional PSCell change requirements
Proposal 12:  RAN4 to agree that UL carrier reconfiguration requirements can be reused for NR less than 5 MHz.

Link recovery:
Proposal 13:  For BFD for CBW less than 5MHz, threshold Qout_LR, should be derived with the assumption the PDCCH is transmitted with the same parameters as TS38.133 Table 8.5.2.1-1 even if the PDCCH transmission bandwidth exceeds the transmission channel bandwidth.
Proposal 14:   RAN4 apply the existing SSB based BFD evaluation period TEvaluate_BFD_SSB for CBW less then 5MHz.
Proposal 15:  RAN4 should extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less then 5MHz, where MBFD = [15] (=1.5*10) for CSI-RS within the channel bandwidth below 24RB.
Proposal 16:  RAN4 apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW less then 5MHz.
Proposal 17:  RAN4 should extend the CSI-RS based CBD evaluation period TEvaluate_CBD_CSI-RS for CBW less then 5MHz, where MBFD = [5] (= 1.5*3) for CSI-RS within the channel bandwidth below 24RB.
BWP and TCI state switching:
Proposal 18:  RAN4 to agree that BWP switching and CBW requirements are not impacted with introduction of NR less than 5 MHz.
Proposal 19:  RAN4 to request RAN1 about the TCI state switching framework to be used for NR less than 5MHz. RAN4 to send LS to RAN1 to confirm the same.
Proposal 20:  TCI state switching requirements impact can be further studied after the framework is clear.
Measurements:
Proposal 21:  RAN4 apply the exiting L3 measurement requirements for CBW less than 5MHz. 
Proposal 22:  RAN4 apply the existing SSB based L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB for CBW less then 5MHz.
Proposal 23:  RAN4 apply the existing CSI-RS based L1-RSRP measurement period TL1-RSRP_Measurement_Period_CSI-RS for CBW less then 5MHz.
Proposal 24:  In the performance part, RAN4 should discuss whether to define CSI-RS based L1-RSRP measurement accuracy requirements with CSI-RS is less than 24RB.
Proposal 25:  RAN4 should discuss whether L1-SINR measurement requirements are applicable for CBW less than 5MHz. 
Proposal 26:  If RAN4 agree that L1-SINR measurement requirements are applicable for CBW less than 5MHz, apply the same conclusion as L1-RSRP measurement requirements for CBW less than 5MHz.
Proposal 27:  RAN4 to agree that defining positioning requirements are out of scope of the WID
Proposal 28:  RAN4 to look at possible impact to HST requirements due to shorter PBCH bandwidth
Proposal 29:  RAN4 to agree that measurement performance requirements are studied during the performance stage.
Proposal 30:  RAN4 to discuss whether TMIB/TSI is relaxed due to the PBCH puncturing during the performance stage.
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