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1 Introduction

In RAN1 #88bis[1] the following agreements we made:

In the agreement above from RAN1#88bis, the NR-PBCH bandwidth is wider (at 288 subcarriers – 24 PRBs) than that of the NR-PSS/SSS bandwidth (at 127 subcarriers – 12 PRBs). Part of the reasoning for having a wider PBCH was so that fewer symbols (in time) would be required in the SS Block. This shorter time would be beneficial for allowing more beam sweeps within the SS Burst set period and allowing other symbols such as DL/UL control symbols, etc. within each slot (i.e. dedicating fewer symbols for SS within the slot). 

A subsequent agreement set the SS Blocks within a SS Burst Set lower than what was previously considered. This tdoc discusses the advantages and disadvantages to having the entire SS Block use the same bandwidth. 

2 NR-PBCH Bandwidth

It would be desirable to change the NR-PBCH from 288 subcarriers with 2 symbols to 144 subcarriers with 4 symbols, for a number of reasons: 
#1 A wider NR-PBCH would increase the minimum required UE bandwidth, increasing the UE RF and device complexity. It would also limit the forward compatibility for future low cost mMTC device that would ideally operate using narrow RF bandwidths.  

#2 The wider NR-PBCH will limit the allowable SS signal frequency raster spacing, hence increasing the cold acquisition time and increasing the number of frequencies to search during out-of-coverage periods. This would have a very large adverse effect on initial service acquisition time and UE power consumption. 
#3 Having the entire SS Block use the same bandwidth would allow for the PSS/SSS channel estimation to be used to decode the entire NR-PBCH.
#4 A wider NR-PBCH and other wide persistent signals in NR would also make LTE/eMTC/NB-IOT co-existence more difficult. NR carriers with narrower bandwidths would not be able to support embedded LTE carriers. This would especially be limiting in the lower frequency bands that typically have limited bandwidths. 

Observation: There are several advantages to change the NR-PBCH bandwidth to use 144 subcarriers with 4 symbols:

· Forward compatible for future low cost mMTC UEs
· Allows larger sync raster which will hugely improve cold acquisition time

· Improved channel estimation by reusing PSS/SSS channel estimates 

· Better co-existence with LTE/eMTC/NB-IOT

There are two potential challenges for changing the NR-PBCH bandwidth to use 144 subcarriers with 4 symbols: 
#1 The SS bursts are longer which reduces the DL/UL flexibility for slots containing SS bursts.  Given the narrower NR-PBCH will only increase the SS burst size from 4 to 6 symbols, this doesn’t change this ratio by much. 6 DL symbols still allow 8 UL symbols per slot which still provides 58% of the capacity for the UL.  Also, SS burst can be sent with gaps (e.g. every other slot) which can provide more UL capacity.
#2 Less SS bursts and thus beams can be support within the defined burst set period of 20ms and the 10ms measurement. The next section discusses whether a narrower NR-PBCH of 4 symbols can still support the agreed number of beams. 

2.1 Number of beams supported
As part of the PSS/SSS agreement, the subcarrier spacing for the PSS/SSS for frequency ranges is 15 kHz/30 kHz for below 6 GHz and 120 kHz/240 kHz for above 6 GHz. This combined with the previous agreement that sets the NR-PBCH subcarrier spacing to the same as that of the PSS/SSS, gives an indication of the subcarrier spacing that can be used for NR-PBCH. 
The agreement in RAN1#88bis set the SS Blocks within a SS Burst Set to [1,2,4] SS Blocks for under 3GHz, to [4,8] SS Blocks for under 3GHz to 6GHz, and to [64] SS Blocks for above 6GHz. These together give an idea on the mapping of the frequency range, NR-PBCH subcarrier spacing, and the number of SS Blocks required for the SS Blocks Burst Set. 
Changing the NR-PBCH to 144 subcarriers with 4 symbols would mean that the SS Block would have an NR-PSS of 1 symbol, NR-SSS of 1 symbol and NR-PBCH of 4 symbols, resulting in a 6 symbol SS Block. The table below shows an estimated number of SS Blocks per SS Burst Set period (20ms) for a 6 symbol SS Block. It can be seen from the table that the required number of SS Blocks (beams) can be easily transmitted within the SS Burst Set period and it can even be transmitted within the 10ms measurement window.  
	Frequency Range
	SCS
	Number of SS Blocks per 1ms subframe
	Number of SS symbols per 1ms subframe
	Maximum SS Blocks per Burst Set (20ms)
	Maximum SS Blocks per measurement window (10ms)
	Required SS Blocks per Burst Set (20ms)

	Below 3GHz
	15kHz
	1
	6
	20
	10
	4

	3GHz to 6GHz
	30kHz
	2
	12
	40
	20
	8

	Above 6GHz
	120kHz
	8
	48
	160
	80
	64

	Above 6GHz
	240kHz
	16
	96
	320
	160
	64


The number of SS Blocks per 1ms subframe in the table are loosely selected in the table such that it allows time for other symbols (such as DL/UL control symbols). However, the symbols could be replaced with additional SS Blocks if they are not required. Here is an example of the SS Block placement:
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Observation: The required number of SS Blocks (beams) can be transmitted within the SS Burst Set period, even with NR-PBCH of 4 symbols.
3 Summary and Conclusion

Observation: There are several advantages to change the NR-PBCH bandwidth to use 144 subcarriers with 4 symbols:
· Forward compatible for future low cost mMTC UE
· Allows larger sync raster which will hugely improve cold acquisition time

· Improved channel estimation by reusing PSS/SSS channel estimates 

· Better co-existence with LTE/eMTC/NB-IOT
Observation: The required number of SS Blocks (beams) can be transmitted within the SS Burst Set period, even with NR-PBCH of 4 symbols.
Given all the advantages it is proposed:
Proposal: Change the NR-PBCH bandwidth to use 144 subcarriers with 4 symbols. 
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Agreements:


Working assumption: Number of PSS sequences: 3


PSS sequence details:


Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)


1 polynomial: octal 145 Decimal 145 (i.e. g(x) = x7 + x4 + 1)


In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals


Initial poly shift register value: 1110110


FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time


Number of SSS signals: 1000 post-scrambling


PSS sequence length: 127 for frequency domain-based pure BPSK M sequence


Note that PSS will be mapped to consecutive 127 subcarriers


SSS sequence length: 127


Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz


Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges


SSS sequence details: Long M-sequence with scrambling


SYNC frequency raster: RAN1 assumes that RAN4 will decide it 


SS burst set periodicity default value for initial cell selection: 20/20 msec


Note that RAN1 assumes that RAN4 will investigate requirements


Time index indication: PBCH conditioned that mobility and HO related requirements can be met


Note: RAN1 assumes that RAN2 will check against to RAN2 requirements


PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)


PBCH phase reference: DMRS


PBCH TTI: 80 msec





Agreements:


The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are


For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]


For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]


For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]


The way the value of L is reflected in specification is FFS


Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact


Possibility of having unified frequency agnostic signaling design is not precluded


Note that above agreements are updated agreements












