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1. Introduction
At last RAN1#89 meeting [1], the following agreements related to NR-PBCH RE mapping and evaluation have been made:
Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded

· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS

· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval

· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs

Agreements:
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.

· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits

Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting

· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block

· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Other Alternatives are not precluded

· Note that all proponents need to provide their own proposal until 26th May
· For evaluation purposes, followings should be considered

· Channel coding 

· Rate matching 

· Accuracy of CFO estimation

· DMRS RE mapping
· Channel estimation performance

· NR-PBCH one to four shot(s) performance within 80 msec

· Complexity of NR-PSS/SSS/NR-PBCH decoding and mobility measurement

· Reliability of time index

· All proponents need to provide followings until 2nd June to achieve further evaluation/analysis – Asbjorn (Ericsson)

· NR-PBCH RE mapping

· SS-block composition

· SS-block time index indication

· SFN indication

· DMRS RE mapping

· PBCH payload size

· PBCH channel coding scheme (all proponents need to follow the latest agreements/WAs in channel coding session) 

· Note that all decisions of channel coding scheme should be done in channel coding session/agenda

· Receiver algorithms

After RAN1#89 meeting, an email discussion [89-15] was kicked-off on details for NR-PBCH evaluations.
In this contribution, we focus on NR-PBCH RE mapping with some evaluations. 
2. NR-PBCH RE mapping
2.1. NR-PBCH RE mapping Schemes and DMRS RE mapping
Based on RAN1#89 conclusion and email discussion, the following three alternatives should be down selected at this NR Ad-Hoc#2 meeting:
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block

· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Alt. 3: NR-PBCH coded bits are mapped across REs in N PBCH symbols within the bandwidth of PSS/SSS, and the NR-PBCH band within the bandwidth of PSS/SSS is copied to other NR-PBCH band in a NR-SS block. See figure 1 below. (Proposed on email reflector  [89-15])
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Figure 1: Alt. 3 for NR-PBCH RE mapping
In section 2.2, we evaluate NR-PBCH performance based on the above three alternatives above.

In addition, DMRS RE mapping should be selected from the following two options [1]:
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval

· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
Option 1 is chosen according to the following reasons and observations:
· Option 2 will lead to unbalanced channel estimation performance for different NR-PBCH resource part comparing with Option 1;

· Option 2 will introduce extra channel estimation complexity comparing with Option 1, which is not ideal from UE perspective; besides DFT based noise suppression, which make the channel estimation more accurate especially in low SNR region, could be realized by using Option 1.
· NR-PBCH performance will depend on NR-SSS performance by adopting Option 2, which may potentially lead to NR-PBCH deterioration in case of error detection of NR-SSS;
· With Option 1, NR-SSS still can be used for aiding to channel estimation, which can be left to UE implementation.
· Comparing with Option2, Option 1 is much more robust for high speed to combat multi-path fading and Doppler frequency shift; and better frequency error estimation is expected by using Option 1, especially in mmWave.
So, we propose adopting Option 1for NR-PBCH DMRS RE mapping: 
Proposal 1: NR-PBCH DMRS sequence is mapped on subcarriers with equal interval.
2.2. Simulation results
In this section, we compare NR-PBCH performance based on three alternatives in section 2.1. The simulation assumptions and related BLER curves are shown as follows.

Table 1: Simulation Assumptions
	Parameters
	Values or Assumptions 

	Carrier Frequency 
	4GHz; 30GHz

	SS-block Bandwidth
	24 PRBs (288 subcarriers)

	Subcarrier spacing
	30kHz for 4GHz

120kHz for 30GHz

	Channel model
	TDL-A, low correlation for 4GHz

CDL-A for 30GHz

delay spread=100ns

	UE speed
	3km/h

	gNB antenna number
	4GHz: 2  

30GHz:
{M, N, P, Mg, Ng}={4,8,2,1,1}, HPBW=65°, BS Antenna Gain: 8dB

	UE antenna number
	4GHz: 2
30GHz:
{M, N, P, Mg, Ng}= {2,4,2,1,1}, HPBW=90°, UE Antenna Gain: 5dB

	Beam Search
	Omni-directional for 4GHz; 

Fixed Beam(to bore sight direction) for 30GHz

	Residual Frequency Offset
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm

	NR-PBCH payload size
	48bits

	NR-PBCH repetition
	1 & 4 times transmission in 80ms TTI

	DMRS pattern
	1/3 density, mapped on subcarriers with equal interval including the PSS/SSS subcarriers

	Modulation 
	QPSK

	Channel coding
	Polar

	Transmission scheme
	TD-PVS

	Precoding vector switching
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	PRG bundling size
	2

	Channel estimation 
	DFT-based noise suppression & MMSE2D
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Figure1: TDL-A 4GHz 3km/h 48bits-1 shot performance                 Figure2: TDL-A 4GHz 3km/h 48bits-4 shot performance
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Figure3: CDL-A 30GHz 3km/h 48bits-1 shot performance               Figure4: CDL-A 30GHz 3km/h 48bits-4 shot performance
From the summarized performance results in Figure 1~Figure 4, we have the following summary:
1. On 4GHz carrier frequency, Alt. 1 shows the best performance among the potential mapping schemes since Alt. 1 benefit from the frequency selective diversity most. Alt .3 can achieve better performance than Alt. 2 for the same reason. However, the performance gap among the curves is negligible.
2. The performance of three alternatives would be even closer on 30GHz carrier frequency; for high frequency case, as significant beamforming gain is achieved, required SNR at 1% BLER become quite low. According to channel coding theory, the channel coding is not necessarily better than simply repetition of the symbols in low SNR region. Therefore, the performance of Alt. 2 and Alt. 3, which made the symbols repeated twice in PBCH, comes closer or even better than that of Alt. 1.
3. With Alt3, if the MIB is decoded on half of the bandwidth, about 3dB performance loss is brought compared to that decoded on the whole PBCH bandwidth; while it’s performance with 4 shot is much better than that of  Alt1~3 with one shot performance.
From the simulation results and especially analysis on Alt.3, we have the following observations:
Observation 1: Three alternatives show the similar PBCH performance; Alt.1 shows the best performance while the performance gap is marginal; from NR-PBCH RE mapping and decoding complexity perspective, three alternatives are quite equal.
Observation 2: Using half SSB bandwidth by Alt.3 to decode NR-PBCH, the target performance can still be achieved by combining multi-shot transmission.
Observation 3: With Alt.3, the minimum bandwidth required to support NR operation can be potentially reduced to half from both network and terminal perspective. 
· Flexible NR network deployment from network perspective: 

· Providing the chance to deploy a standalone single carrier NR network to operators who possess small bandwidth spectrum in some region, e.g 5M LTE or UMTS. In addition, if one operator has a small range of low frequency resources and large bandwidth high-frequency resources, he still can deploy an NR network with CA mode with low frequency carrier as master carrier.
· For NR-LTE coexistence scenario, the existing LTE network may be gradually upgraded to NR SA mode by FDM scheme, and smaller bandwidth to access NR network is beneficial to network migration from LTE to NR step by step. The similar idea can be applied to spectrum sharing case.
· Enable economically viable deployments for the Provision of minimal services (Data and Voice) for very low-ARPU areas.
· Although at high frequency range 24 GHz to 52.6 GHz, it is quite possible for one operator to obtain one bandwidth much larger than 50MHz or 100MHz, the case still potentially exists with some fragment bandwidth smaller than 50MHz or 100MHz.
· From UE perspective: 
· The minimum bandwidth required to support NR can be reduce to half; for this narrow band UE, in order to guarantee initial access performance, multi-shot combining is needed and the relevant multi-shot requirement should be defined; comparing with normal/wide band NR UE, initial access time may be longer.
· With Alt.3, the affect to UE behavior and initial access procedure should be further evaluated.

3. Conclusion

In this contribution, we evaluate NR-PBCH RE mapping schemes and their performance. Based on the observations from simulation results and discussion, we have the following proposal and observations with Recommendation:
Proposal 1: NR-PBCH DMRS sequence is mapped on subcarriers with equal interval.
Observation 1: Three alternatives show the similar PBCH performance; Alt.1 shows the best performance while the performance gap is marginal; from NR-PBCH RE mapping and decoding complexity perspective, three alternatives are quite equal.
Observation 2: Using half SSB bandwidth by Alt.3 to decode NR-PBCH, the target performance can still be achieved by combining multi-shot transmission.
Observation 3: With Alt.3, the minimum bandwidth required to support NR operation can be potentially reduced to half from both network and terminal perspective. 
· Flexible NR network deployment from network perspective: 

· Providing the chance to deploy a standalone single carrier NR network to operators who possess small bandwidth spectrum in some region, e.g 5M LTE or UMTS. In addition, if one operator has a small range of low frequency resources and large bandwidth high-frequency resources, he still can deploy an NR network with CA mode with low frequency carrier as master carrier.

· For NR-LTE coexistence scenario, the existing LTE network may be gradually upgraded to NR SA mode by FDM scheme, and smaller bandwidth to access NR network is beneficial to network migration from LTE to NR step by step. The similar idea can be applied to spectrum sharing case.
· Enable economically viable deployments for the Provision of minimal services (Data and Voice) for very low-ARPU areas.
· Although at high frequency range 24 GHz to 52.6 GHz, it is quite possible for one operator to obtain one bandwidth much larger than 50MHz or 100MHz, the case still potentially exists with some fragment bandwidth smaller than 50MHz or 100MHz.

· From UE perspective: 

· The minimum bandwidth required to support NR can be reduce to half; for this narrow band UE, in order to guarantee initial access performance, multi-shot combining is needed and the relevant multi-shot requirement should be defined; comparing with normal/wide band NR UE, initial access time may be longer.

· With Alt.3, the affect to UE behavior and initial access procedure should be further evaluated.
Recommendation: To determine NR-PBCH RE mapping structure, operators have the most right to say, based on their current and future viable network deployments requirements.
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