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1 Introduction
In this contribution, we propose the NR-PBCH design from the following perspectives:
· NR-PBCH payload/size
· NR-PBCH transmission for below6GHz (numerology, transmission scheme and antenna port, multiplexing schemes, demodulation RS, etc.)
· NR-PBCH transmission for above6GHz (numerology, transmission scheme and antenna port, multiplexing schemes, demodulation RS, etc.)
2 NR-PBCH payload/size
RAN2 has already agreed that the minimum SI is always present and periodically broadcast at a cell, which comprises basic information required for initial access to a cell and information for acquiring any other SI broadcast periodically or provisioned via on-demand [1]. Considering the estimated size of at least 250bits required for the NR minimum SI for L2/L3 operation (L1 parameter not included yet), NR-PBCH carries only a part of minimum system information. This contribution focus on the MIB in NR-PBCH and the remaining minimum system information (RMSI) will be discussed in the companion contribution [2]. 
According to RAN1 agreements, NR-PBCH contents shall include SFN and CRC. Although it is FFS, the other contents would be related with RMSI transmission:

· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuration of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters

Table 1 shows the potential contents of NR-PBCH. The size of each IE is very preliminary, which is maintained as in LTE (if available).
		Table 1: Potential contents of NR-PBCH
	NR-PBCH IEs
	Size

	SFN
	[8]

	TRS/MRS configuration
	[3]

	Configuration for RMSI transmission
(e.g. freq. resource info, periodicity, etc.)
	 [3-5] for below 6GHz
[4-7] for above 6GHz

	Spare
	[7-10]

	CRC
	[16]

	Total
	[40]



· SFN (System Frame Number)
· In LTE, SFN provides the time reference for a periodic transmission or configured transmission resource.
· NR also requires time reference. RAN1 already assumes frame length is 10 msec (TBC by RAN2).
· TRS/MRS configuration
· The removal of always-on CRS and introduction of wider bandwidth operation motivate the tool for fine time/frequency tracking over wider bandwidth (even for lower frequency). The more detailed discussion on the time/freq. tracking requirement for NR is in a companion contribution [3].
· At least for below6GHz, the tracking RS (TRS) is necessary especially when we try to achieve low latency of the synchronization before DL signal detection. The TRS configuration may include e.g., the number of antenna ports, periodicity, timing offset, RS pattern, etc. In some special cases, the TRS can be switched off to save the network power consumption. For example, the TRS may not be necessary in case of the smaller system bandwidth. If the PDCCH and/or the SIBs signals are sent over large system bandwidth, the SINR requirement as low as -6dB for below6GHz is still challenging to achieve fine time/freq synchronization and detect the DL signals with low MCS considering the worst case of the cell-edge users. Only using limited indication bits in NR-PBCH, e.g., less than 3bits, it allows the flexibility of semi-static TRS configuration. One example of TRS in below6GHz can be the level-1 CSI-RS as discussed in our companion contribution [3].
· For above6GHz: For facilitating neighbor-cell RRM measurements in CONNECTED mode without involving excessive RRC and X2 signaling, the configurations related to MRS needs to be minimized. However, by nature some MRS parameters are cell-specific, e.g., number of beams (or MRS blocks per MRS burst set), periodicity, and number of antenna ports, which UE has to be able to find out in a certain way. In addition, the cell-specifically configured MRS can be designed to be used for intra-cell beam management and time-frequency fine tracking as well. Considering these use cases, it would be beneficial to introduce minimal MRS configuration in the early stage of initial access, i.e., in PBCH and/or PBCH2. 
· Configuration for the RMSI transmission:
· This configuration for the RMSI transmission depends on the detailed transmission structure of RMSI, which has more detailed discussion in our companion contribution [2]. The information contents and size can be frequency band specific. 
· For below6GHz, the RMSI is carried in PDSCH, similar to that of LTE SIB1 and SIB2. The scheduling information of scheduled PDSCH may change due to the variable SI payload size due to some optional fields. To avoid the NR-PBCH contents change frequently, we use the control resource set, e.g., PDCCH, to indicate the scheduling information of the RMSI in PDSCH and NR-PBCH indicates the configuration for the control resource set instead of that of scheduled PDSCH. It is beneficial for the coherent combining at the receiver side. As per previous RAN1 agreement, an NR UE monitors for downlink control information in one or more “control resource set (formerly called control subband)”. The size of the control resource set in frequency domain is smaller than or equal to the carrier bandwidth (up to a certain limit). The control resource set can be configured by MIB/system information/implicit manner from initial access procedure. If NR also assumes dynamic scheduling of common control, e.g., broadcasting, paging, as in LTE, the early provision of control resource set configuration would be preferred. Therefore, the NR-PBCH indicates the configuration of the control resource set, such as the frequency resource information (bandwidth, subbands, etc.) and possibly time resource information (periodicity, time offset, number of the symbols, etc.).
· For above6GHz with beam sweeping, it is beneficial to use immediate detection of the secondary PBCH to keep the same transmission beam as that of NR-PBCH, without additional step of the control resource set. If the secondary PBCH is defined, the configuration of secondary physical broadcast channel should be carried in the NR-PBCH, such as the frequency resource information, time resource information (periodicity, number of the symbols), transmission block size, MCS, etc.
· Spare
· In LTE Rel-8, 10 bits are reserved for future extension. Later in Rel-13, 5 bits are taken for eMTC SIB1 scheduling info.
· NR may need to keep this not only for future extension but also for octet aligned of the total bits. 
· CRC
· In LTE Rel-8, 16 bits are used for CRC.
· Further evaluation on the number of CRC bits may be needed if the estimated payload size of MIB for NR is much larger than that of LTE.
Proposal 1: Consider Table 1 as a starting point for potential contents of NR-PBCH.
1 
2 
3 NR-PBCH transmission for below6GHz
3 
Numerology
According to the agreements in RAN1 NR AH meeting, we have the following options for SCS in below6GHz case. Assuming 40-bit (including CRC) PBCH with TBCC channel coding and QPSK modulation, we compare the performance of NR-PBCH by using the symbol length/CP length in Table 2. The same number of REs are used for fair comparison of different numerologies. As shown in Figure 1, the SCS=15kHz with normal CP length is most robust against the multi-path fading at the price of longer symbol duration. The SCS=30kHz use the half symbol/CP length of SCS=15kHz and their SNR difference at BLER=1% is less than 0.3dB. But the NR-PBCH performance degrades more than 1dB if SCS=60kHz. 

For below6GHz NR, 
Proposal 2-1: Considering the tradeoff of the symbol length for short latency and the efficient CP length for robust against the multipath fading, we prefer to use the SCS=30kHz and CP=2.35us as the default numerology of NR-PBCH. The same numerology is used for sync signals and NR-PBCH




Table 2: SCS for below6GHz
	
	SCS (kHz)
	Symbol length (us)
	CP (us)

	NR@below6GHz
(e.g., 2GHz and 4GHz)
	15kHz
	66.67
	4.7

	
	30kHz
	33.335
	2.35

	
	
	
	

	
	60kHz
	16.67
	1.175
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(a) fc=2GHz					(b) fc=4GHz
Figure 1: PBCH numerology comparison for below6GHz


Signal multiplexing
In RAN1 NR Ad-hoc meeting, we have agreed to use TDM PSS/SSS for single/multiple beam scenarios. We further consider the multiplexing scheme of PSS/SSS/PBCH assuming 4 or 5 symbols per SS block. In Figure 2, there are alternatives of the TDMed and IFDMed NR-SSS/PBCH multiplexing. Compared with TDMed NR-SSS/PBCH, the IFDMed NR-SSS/PBCH can improve the channel estimation under high mobility as well as reducing the CFO/phase noise impact. As shown in Figure 4, the IFDMed structure provides around 1.5dB improvement over TDMed one at BLER=1% assuming vehicle speed is v=120km/h. Therefore, considering the NR requirement of high-mobility scenarios with even larger than 120km/h, the IFDMed NR-SSS/PBCH has great advantage. The figures shown for the following discussion is for illustration purpose only and more discussion on the SS multiplexing can be found in [4]. 
In LTE, one SSS symbol is sent every 5ms and 40-bit PBCH symbols are sent every 10ms. To keep the 40-bit NR-PBCH payload and similar transmission frequency of NR-SSS in below6GHz every 10ms, we consider a SS block with one PSS symbol and 4 IFDMed or TDMed NR-SSS/PBCH symbols. Compared with 3 NR-SSS/PBCH symbols, more NR-SSS subcarriers of 4 IFDMed or TDMed NR-SSS/PBCH symbols can achieve better channel estimation for PBCH demodulation and also improve cell ID detection/RRM measurement performance as well as reducing the access latency. Further evaluation is needed on the total number of symbols per SS block.
[image: ]
Figure 2: SS block multiplexing for below6GHz

For below6GHz NR, 
Proposal 2-2: The IFDMed NR-SSS/PBCH should be supported to combat with the channel variation due to user mobility. 

RS of NR-PBCH demodulation
For reference signal of NR-PBCH demodulation, we compare Alt1 NR-SSS and Alt2 Self-contained DM-RS assuming different patterns in Figure 3. The use of NR-SSS avoids the additional overhead of inserted NR-DM-RS in the PBCH symbols. 
· Alt1: NR-SSS 
· Alt2: Self-contained DMRS

  [image: ]
Figure 3: Alternatives for RS of NR-PBCH demodulation
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 (a) v=3km/h                                (b) v=120km/h
Figure 4: BLER performances of NR-PBCH with various RS structures

Different RS structures are compared in Figure 4 assuming vehicle speed v=3km/h and 120km/h, respectively. Detailed simulation assumption is in Appendix A. For fair comparison, we assume the same number of symbols per block in Fig. 3 to compare the TDMed without or with additional low/high-ratio self-contained DM-RS in PBCH as well as and IFDMed NR-SSS/PBCH .We can see that the DM-RS requires additional overhead and rate matching but cannot bring any benefits on the NR-PBCH detection accuracy. Instead of using the DM-RS inserted in NR-PBCH, the NR-SSS should be used for NR-PBCH demodulation and the IFDMed NR-SSS is best to combat with channel variation in case of high mobility.

For below6GHz NR, 
Proposal 2-3: NR-SSS is used as the RS for NR-PBCH demodulation. FFS on the number of NR-SSS/PBCH symbols.

Transmission schemes and the number of antenna ports
We assume the NR-SSS has same number of antenna port(s) as NR-PBCH and the NR-SSS is sent on the same antenna port as that of NR-PBCH. Assuming same tx power and 2x2 antenna configuration, different transmit diversity are compared based on simulation.
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 

In Atl1 and Alt2, the channel estimation uses the NR-SSS designed for 2 antenna ports. But in Alt3, the channel estimation uses the NR-SSS designed for 1 antenna port. The use of tx diversity schemes is completely transparent to the UEs, which only observes single radio link with equivalent combined channel. In the simulation, we apply precoder cycling across SSS and PBCH symbols within each radio frames and change the precoder cycling parameters over multiple radio frames, such as [1 1]T, [1 -1]T, [1 j]T, [1 –j]T. On top of precoding cycling, the cyclic delay diversity (CDD) can also be applied on two transmit antennas. 
The different tx diversity schemes are compared in Figure 5 under channel delay spread of 100ns and 1000ns, respectively. The SISO performance is also given as a reference. The other detailed simulation assumption is given in Appendix A. In Figure 5, we use the IFDMed NR-SSS/PBCH multiplexing as illustrated comparison. Other comparison can refer to the contribution in [5]. The coherent combining over 40ms TTI for PBCH is used for the analysis of the worst-case in terms of coverage. Since the 2-port tx schemes, e.g., SFBC and SFBC+precoding cycling, requires orthogonal RS to get respective channel estimation on each antenna, Alt1 and 2 performs worse than 1-port precoding cycling due to higher channel estimation error for NR-PBCH demodulation. 


[image: ][image: ]
(a) Delay spread=100ns                            (b) Delay spread=1000ns
Figure 5: BLER performances of NR-PBCH with various Tx schemes 


For below6GHz NR, 
Proposal 2-4: Transparent tx diversity scheme on 1 antenna port (e.g., precoder cycling) is used for NR-PBCH transmission

Periodicity and coding rate of NR-PBCH demodulation
In LTE design, the MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames. MIB is self-decodable per transmission, but UE is allowed to decode the MIB across the repetitions. Considering the four-time repetitions, the PBCH coding rate is 1/48. A similar principle can be considered for NR as well. 
For below6GHz NR, 
Proposal 2-5: The NR-PBCH periodicity is [40]ms and the coding rate of NR-PBCH considering repetitions within the NR-PBCH window of [40] msec shall be around 1/40.
4 NR-PBCH transmission for above 6GHz
Numerology

According to the agreement of RAN1 NR Ad Hoc meeting, the subcarrier spacing of NR-PBCH for above 6GHz should down select from [120kHz, 240kHz]. A large subcarrier spacing will make the NR-PBCH much robust to carrier frequency offset (CFO) and phase noise. However, a large subcarrier spacing will reduce the potential number of REs for NR-PBCH and increase the CP overhead. Currently, we think the down-selection of subcarrier spacing and the corresponding CP length should dependent on simulation results. Furthermore, making the numerology of NR-PBCH different from sync signals seems to increase the complexity at the UE side. Therefore, we consider NR-PBCH use the same numerology as synchronization signals. 

For above6GHz NR, 
Proposal 3-1: A default numerology should be defined for SS block, and the same numerology is used for sync signals and NR-PBCH. The down-selection of subcarrier spacing between 120kHz and 240kHz is FFS. 

Signal multiplexing


According to the agreement/assumption in RAN 1 Ad Hoc meeting, there are two possible design on NR-PBCH as shown in Figure 6. In Figure 6(a), 240kHz subcarrier spacing is considered; NR-TSS and NR-PSS are FDMed in the first OFDM symbol; NR-PSS/SSS/PBCH are TDMed. In this design, NR-SSS can serve as the DMRS for NR-PBCH. Therefore, totally 48RBs are available for the transmission of NR-PBCH and the corresponding NR-PBCH coding rate can be as low as 1/28.8 with one-shot decoding. In Figure 6(b), 120 kHz subcarrier spacing is considered. NR-PSS/SSS are TDMed in two OFDM symbols. NR-PBCH and NR-TSS are FDMed with NR-PSS/SSS. DMRS will be used for the NR-PBCH demodulation. As shown in Figure 6(b), totally 60RBs are available for the transmission of NR-PBCH and DMRS.  



        		       
(a) 80MHz BW and SCS=240kHz		(b) 80MHz BW and SCS=120kHz
Figure 6. Multiplexing of NR-PSS, NR-SSS, NR-TSS, NR-PBCH in an SS block, 
   
For above6GHz NR, 
Proposal 3-2: SS block design examples in Figure 6 can be considered. Down-selection can be made between two examples with simulation results. 

RS of NR-PBCH demodulation

For reference signal of NR-PBCH demodulation, we consider Alt1 NR-SSS and Alt2 Self-contained DM-RS assuming different patterns in Figure 6. In Figure 6(a), 24 RBs are allocated for NR-SSS. However, the NR-SSS sequence length may be just 127. In this case, frequency domain repetition can be used so that NR-SSS will occupy the same RE as NR-PBCH. The use of NR-SSS avoids the additional overhead of inserted DMRS in the PBCH symbols. The drawback is that the decoding of NR-SSS will affect the channel estimation of NR-PBCH. Furthermore, as NR-SSS and NR-PBCH are not in the same OFDM symbol, the decoding performance of NR-PBCH will become worse in high speed case. Further improvement by using IFDMed NR-SSS/PBCH is possible to combat with high-mobility variation. In Figure 6(b), self-contained DMRS for NR-PBCH is designed. The drawback for this design is that DMRS will consume extra REs and the coding rate of NR-PBCH may be less than that of Alt1. However, the advantage of this alternative is that DMRS and NR-PBCH are in the same OFDM symbol so that in high speed case the decoding performance of NR-PBCH will be better compared to Alt1. 

For above6GHz NR, 
Proposal 3-3: The RS for NR-PBCH demodulation is FFS, dependent on the SS block multiplexing. 


Transmission schemes and the number of antenna ports
For above6GHz NR, a gNB may be configured will multiple TXRUs. These TXRUs can be configured to multiple transmission ports. Different number of transmission ports may lead to different transmission schemes. From the UE perspective, blind detection of the transmission scheme will add additional complexity. Furthermore, to reduce the number of SS blocks, multiple TXRUs may be configured as one port to support SFN transmission of SS blocks. Therefore, the available transmission port for NR-PBCH may be only one or two. According to RAN 1 Ad Hoc meeting, the following transmission schemes should be considered for NR. The exact transmission scheme will be decided based on simulation results. 
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 

For above6GHz NR, 
Proposal 3-4: The transmission diversity and number of antenna ports for NR-PBCH is FFS. 

Periodicity and coding rate of NR-PBCH demodulation

For below6GHz NR, the PBCH repetitions can be designed in a similar way as LTE. In above6GHz NR, on the other hand, the PBCH repetitions can be designed not only over the repetitions across the SS burst sets, but also over the repetitions across SS blocks within an SS burst set. However, the NR specification should still support the worst case in which only one SS block is detectable within each SS burst set; the worst case may happen when the link channel has small angular spread, e.g., due to LOS condition. Hence, it is proposed to consider the PBCH coding rate target commonly for below6GHz and above6GHz NR, e.g., around 1/40.

For above6GHz NR, 
Proposal 3-5: The NR-PBCH periodicity is [40]ms and the coding rate of NR-PBCH considering repetitions within the NR-PBCH window of [40] msec shall be around 1/40.
5 Conclusions
This contribution has examined design issues related to NR system information delivery in initial access, and made the following observations and proposals.
Proposal 1: Consider Table 1 as a starting point for potential contents of NR-PBCH.
Proposal 2: For below6GHz NR, 
· Proposal 2-1: Considering the tradeoff of the symbol length for short latency and the efficient CP length for robust against the multipath fading, we prefer to use the SCS=30kHz and CP=2.35us as the default numerology of NR-PBCH in below6GHz. The same numerology is used for sync signals and NR-PBCH.
· Proposal 2-2: The IFDMed NR-SSS/PBCH should be considered to combat with the channel variation due to user mobility. 
· Proposal 2-3: NR-SSS is used as the RS for NR-PBCH demodulation. FFS on the number of NR-SSS/PBCH symbols.
· Proposal 2-4: Transparent tx diversity scheme on 1 antenna port (e.g., precoder cycling) is used for NR-PBCH transmission.
· Proposal 2-5: The NR-PBCH periodicity is [40]ms and the coding rate of NR-PBCH considering repetitions within the NR-PBCH window of [40]msec shall be around 1/40. 
Proposal 3: For above6GHz NR,
· Proposal 3-1: A default numerology should be defined for SS block, and the same numerology is used for sync signals and NR-PBCH. The down-selection of subcarrier spacing between 120kHz and 240kHz is FFS. 
· Proposal 3-2: SS block design examples in Figure 6 can be considered. Down-selection can be made between two examples with simulation results. 
· Proposal 3-3: The RS for NR-PBCH demodulation is FFS, dependent on the SS block multiplexing. 
· Proposal 3-4: The transmission diversity and number of antenna ports for NR-PBCH is FFS. 
· [bookmark: _GoBack]Proposal 3-5: The NR-PBCH periodicity is [40]ms and the coding rate of NR-PBCH considering repetitions within the NR-PBCH window of [40]msec shall be around 1/40.
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Appendix A: Evaluation Results for NR-PBCH 
Table A1: Evaluation assumptions 
	Parameters
	Below6GHz
	Above6GHz

	Bandwidth
	5MHz
	80MHz

	Subcarrier spacing
	30kHz
	120kHz for FDM, 240kHz for TDM

	Carrier frequency
	4GHz
	30GHz

	FFT size
	256
	1024, 512

	Delay spread
	100ns, 1000ns
	30ns

	Modulation
	QPSK

	Antenna configuration
	2x2

	Payload size
	40bits

	Period
	40ms / 4times repetition

	Tx scheme
	SISO, 1-port precoding cycling, 2-port SFBC+precoder cycling, 2-port SFBC

	Velocity
	3km/h, 120km/h

	Channel model
	TDL-C

	Channel estimation
	2D MMSE

	Channel coding
	1/3 TBCC




Appendix B: Agreements in 3GPP RAN1 NR AH related to NR-PBCH design

In 3GPP RAN1 NR AH meeting, we have the following agreement on NR-PBCH design as well as the NR-PBCH simulation assumption
Agreement:
· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
· For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 
· For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS 
· NOTE: It does not preclude additional channel estimation aid from synchronization signal.
· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
· Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88

Agreements:
· Companies are encourage to provide evaluation results based on the following assumptions:
[image: ]
· Companies should provide exact values for following parameters:
· Payload size with CRC & Required number of REs (w/o reference signal) 
· DMRS overhead assumption if used
· Number of OFDM symbols for NR-PBCH
· Number of OFDM symbols for SS block
· Transmission bandwidth for NR-PBCH
· Periodicity for NR-PBCH
· Multiplexing of NR-PBCH in the SS block
· Subcarrier spacing
· Companies should mention if NR-PBCH implicitly convey other information, e.g. SS block timing
· Companies should provide frequency and time estimation error
· Note that above simulation assumption will not affect the decisions of channel coding scheme of NR-PBC
In addition, we have agreed on the candidate subcarrier spacing (SCS) values for SS block, which we will use for the performance evaluation of PBCH and further down select the SCS for below6GHz and above6GHz, respectively.
Agreements:
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]
· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]
· The above frequency range categories may be further divided into different categories with different parameters
· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· FFS: UE bandwidth

Agreement:
· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuration of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters
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Channel coding scheme LTE TBCC
Other channel coding schemes are not precluded. (e.g. Polar coding)
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Antenna configuration, Number of interfering TRPs

Performance Target 1% BLER @ -6dB (average received SNR)
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