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Background

The following email discussion was initiated at RAN1#89:

	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





This is the summary of the discussion

Proposals for NR-PBCH RE mapping

Fill in the details for the alternative NR-PBCH mapping.
	vivo
	We propose a revised repetition solution based on Alt2, namely Alt3 below:
· 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. 

With Alt.3, the minimum bandwidth required to support NR operation can be potentially reduced from both network and terminal perspective.






Proposed design for NR-PBCH
Fill in the details for the proposed design for NR-PBCH.


	Company 1 (example)
	NR-PBCH RE mapping
<Alternative from section 2>

SS-block composition
<e.g. PSS-PBCH-SSS-PBCH>

SS-block time index indication
<Implicit/explicit>

SFN indication
<Implicit/explicit>

DMRS sequence and RE mapping
<Even/uneven mapping, density etc. >

PBCH payload size
<Number of bits>

PBCH channel coding scheme
<Details of the channel coding scheme>

Receiver algorithms
<Details of the receiver algorithms >


	CATT
	NR-PBCH RE mapping 
Our preference is “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”.   NR-PBCH coded bits mapped across REs  of two OFDM symbols would allow to use the Polar code base code rate 1/12 for NR-PBCH encoding comparing to that of code rate 1/6 for Alt. 2.   It has been shown that the performance gain of 0.2 dB for Alt 1  base code rate 1/12 comparing to Alt 2 with code rate 1/6 with repetition.  

Frequency first mapping with frequency domain interleaving

SS-block composition
PSS-PBCH-PBCH-SSS

SS-block time index indication
Explicit in the PBCH payload

SFN indication
Full length of SFN in the PBCH payload

DMRS sequence and RE mapping
Zadoff-Chu sequence with density 1/3 with distance of 3 REs among  DMRS

PBCH payload size
70 bits

PBCH channel coding scheme
Hash-Polar or CC-Polar with 16-bit CRC and 6-bit hash bits

Receiver algorithms
Hash Polar decoder


	Sony
	NR-PBCH RE mapping
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.
Constellation: QPSK
Mapping: Frequency dimension then time 

SS-block composition
PSS-SSS-PBCH-PBCH but we are also OK with PSS-PBCH-SSS-PBCH – pending evidence on which of the two is best. We will assess both in simulation.

SS-block time index indication
Implicit – carry a Gold Sequence on PBCH-DMRS indicative of the SS-block time index.

SFN indication
Part of SFN in the PBCH payload

DMRS sequence and RE mapping
DMRS Sequence: Gold sequence chosen according to SS block index and scrambled by Cell ID 

RE Mapping:
· For block composition PSS-SSS-PBCH-PBCH:
[image: ]DMRS density
· On non-SSS overlapping RBs: 1:3
· On overlapping RBs
· Symbol 1: none
· Symbol 2: 1:6
Number of DMRS: 129

· For block composition PSS-PBCH-SSS-PBCH: 
[image: ]



DMRS density
· On non-SSS overlapping RBs: 1:3
· On overlapping RBs
· Symbol 1: none
· Symbol 2: none
Number of DMRS: 108



















In addition, DMRS RE is shifted in frequency domain according to cell ID.

PBCH payload size
Number of REs remaining for DMRS payload in each case:
· For block composition PSS-SSS-PBCH-PBCH: 288 – 129 = 159
· For block composition PSS-PBCH-SSS-PBCH: 288 – 108 = 180
Rate match to whatever payload size to the available resources.
Actual payload size between 40 – 72 bits.

PBCH channel coding scheme
Polar code when the details of the code are available.
We will use TBCC with 16-bit CRC for simulation now.

Receiver algorithms
Channel estimation: MMSE
Viterbi decoder (for TBCC)


	vivo
	NR-PBCH RE mapping
Alt. 3

SS-block composition
PSS-SSS-PBCH-PBCH

SS-block time index indication
Implicit indication by PBCH DMRS Phase Rotation* or combined with part explicit indication in PBCH payload. 
*: PBCH DMRS Phase Rotation is similar to PUCCH format 2b in LTE

Depend on the maximum number (L) of SS blocks within SS burst set:
1) For frequency range up to 3 GHz (L=4): Implicit indication by PBCH DMRS Phase Rotation
2) For frequency range from 3 GHz to 6 GHz (L=8): Implicit indication by PBCH DMRS Phase Rotation
3) For frequency range from 6 GHz to 52.6 GHz (L=64): 3bits implicit indication by PBCH DMRS Phase Rotation combined with 3bits explicit indication in PBCH payload.

SFN indication
Part of SFN is explicitly indicated in PBCH payload, e.g. HSBs of SFN.
Implicit indication for LSBs of SFN to support PBCH combining within PBCH TTI.
 
DMRS sequence and RE mapping
PN sequence with 1/3 density, DMRS sequence is mapped on subcarriers with equal interval

PBCH payload size
64bits 

PBCH channel coding scheme
Polar code

Receiver algorithms
MMSE2D for channel estimation;
Joint detection of 2 copies for Alt. 3;
SCL decoding.


	Nokia
	NR-PBCH RE mapping
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
Frequency first mapping

SS-block composition
PSS-PBCH-SSS-PBCH

SS-block time index indication
We consider explicit indication as a part of the PBCH payload given payload and performance (one-shot) targets are hold/met. If explicit does not provide sufficient performance (one-shot) and/or there is need to reduce the payload, we should consider providing SS block time indices e.g. through DMRS sequence initialization.

SFN indication
To support combining across the SS burst sets (in the 80ms TTI), we propose to use PBCH scrambling (similar to LTE) to deliver the 3 LSBs of the SFN.

DMRS sequence and RE mapping
Pseudo-random sequence initialized at least based on PCID. DMRS sequence is mapped on subcarriers with equal interval using 4/12 density.

PBCH payload size
No more than 72 bits (including CRC), 64 bits maximum preferred. Meeting one-shot demodulation performance target may become an issue with payloads in the higher end of the payload range [48, 72] bits.

PBCH channel coding scheme
Construction: Polar coding with 16 CRC bits appended. 
Sequence: Polarization weight (PW) scheme 
Rate matching: bit reversal shortening and repetition proposed in R1-1708835

Receiver algorithms
Channel estimation: realistic concatenated freq. and time 1 D wiener filter, SNR estimated. 
Decoder algorithm: CRC assisted successive cancellation list -8 decoder.

	ITL
	NR-PBCH RE mapping
Our preference is Alt 1.
Constellation: QPSK
Mapping order: Frequency first then time

SS-block composition
<e.g. PSS-PBCH-SSS-PBCH>

SS-block time index indication
<Implicit/explicit>

SFN indication
<Implicit/explicit>

DMRS sequence and RE mapping
<Even/uneven mapping, density etc. >

PBCH payload size
<Number of bits>

PBCH channel coding scheme
<Details of the channel coding scheme>

Receiver algorithms
<Details of the receiver algorithms >


	MediaTek
	NR-PBCH RE mapping
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
QPSK, and frequency first mapping

SS-block composition
 PBCH-PSS-SSS-PBCH

SS-block time index indication
Explicit in the PBCH payload
Up to 7 bits.

SFN indication
Full length of SFN (10bits) in the PBCH payload

DMRS sequence and RE mapping
Gold sequence for DMRS;
Even mapping of DMRS;
2/12, 3/12 and 4/12 densities are under evaluation for different channels. 

PBCH payload size
Info bits: 38-bit static data + (3-bit varying SFN + 7-bit varying time index)
CRC: 19-bits
=> Total: 67 bits

PBCH channel coding scheme
Baseline CRC assisted Polar (with 16 + 6 CRC)

Receiver algorithms
SCL-list8 decoding


	Motorola Mobility, Lenovo
	NR-PBCH RE mapping
Coded bits corresponding to at least SS block time index are mapped to REs within the PSS/SSS bandwidth in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block. Coded bits corresponding to at least remaining NR-PBCH contents are mapped across remaining REs in the N PBCH symbols. Whether single codeword or two codewords for NR-PBCH is FFS.

UE can operate with bandwidth same as the PSS/SSS bandwidth for determining SS block time index during inter-frequency neighbour cell measurement.

SS-block composition
PSS-SSS-PBCH-PBCH

PSS is close to SSS for coherent detection of SSS. 

SS-block time index indication
Explicit 6 bits for a SS-block index within a SS burst set are included in PBCH payload. Half-frame timing information is indicated via SSS sequences. 

SFN indication
Explicit 7 bits are included in PBCH payload. Radio frame timing within 80ms PBCH TTI is indicated implicitly via scrambling sequences to support combining across the SS burst sets and interference randomization.

DMRS sequence and RE mapping
DMRS sequence is mapped evenly on every 6th subcarriers over the entire PBCH bandwidth, and PBCH DMRS in the second PBCH symbol is staggered by 3 subcarriers.

For DMRS sequence, the pseudo-random sequence generator is initialized based on physical cell ID (not dependent on SS block time index). 

PBCH payload size
Approximately 60 bits including CRC

PBCH channel coding scheme
Polar code (Details on code construction is FFS)

Receiver algorithms
UE can use SSS and PBCH DM RS for fine frequency tracking (48 CFO estimate samples per SS block).


	Samsung
	NR-PBCH RE mapping
Alt. 1 with frequency first mapping

SS-block composition
PSS-SSS-PBCH-PBCH

SS-block time index indication
1st preference: DMRS to indicate SS block indices in order to avoid additional latency and power consumption of reading PBCH payload. 
2nd preference: DMRS to indicate partial SS block indices and offload remaining SS block indices in explicit bits of PBCH payload, if this design can satisfy the reliability and latency issues addressed by LS R2-1706160.

SFN indication
3-bit LSB of SFN implicitly indicated by using scrambling and 7-bit MSB of SFN explicitly indicated in MIB

DMRS sequence and RE mapping
Even mapping on subcarriers with equal interval
Gold-sequence-based DMRS

PBCH payload size
FFS in the range of 48~72

PBCH channel coding scheme
CA-polar with 19-bit CRC (detailed design up to coding session)
(TBCC would be used for simulation comparison of timing indication schemes only)

Receiver algorithms
CA-polar decoder (detailed design up to coding session)

	Huawei, HiSilicon
	NR-PBCH RE mapping
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.

SS-block composition
Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH.

SS-block time index indication
Methods based on explicit and/or implicit indications are studied and proposed. For the case of combined explicit and implicit indications method:
a. Implicit 2-bit is used for SS block indication within an SS burst. Cyclic shift of Polar codewords implicit technique is used. (Details of implicit indication schemes can be found in R1-1708158.)
b. Explicit 4-bit is used for SS burst indication within an SS burst set. Depending on the SCS and the total SS blocks that need to be indicated, not all the explicit 4 bits need to be used. Some explicit bits may be reserved. 
SFN indication
8 bits MSB of SFN explicitly indicated in MIB with 7 bits for explicit SFN with 80ms granularity and 1 bit for 10ms granularity. The SS burst set with 20ms granularity is indicated implicitly using 4 scrambling sequences. For the half frame (5ms) indication, the used indications from the SS Burst Set periodicities are used.  An additional 1 bit for explicit SFN is used to indicate the half frame timing. 

DMRS sequence and RE mapping
DMRS sequence is Gold sequence based on PCID. Different sequence and resource mapping per cell is assumed. For the DMRS RE mapping, Option 2 is proposed whereby DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth). The DMRS RE density is FFS.

PBCH payload size
PBCH payload size: FFS in the range of 48~72

PBCH channel coding scheme
PC-CA polar (R1-1706969) with the assistant of parity check bits and CRC bits is adopted.

Receiver algorithms
MMSE with channel filtering and Polar list decoding as described in R1-1706969.

	Qualcomm
	NR-PBCH RE mapping
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
Frequency first mapping

SS-block composition
PSS-PBCH-SSS-PBCH

SS-block time index indication
Explicit as PBCH payload

SFN indication
Every bit except the third and second LSB of SFN (s2, s1) are carried explicitly as PBCH payload. For clarification, s2 and s1 are the bits that indicate the 0ms, 20ms, 40ms, 60ms boundary within 80ms 
s2, s1 are carried by PBCH data scrambling, FFS (part of) s2 and s1 can be carried by PBCH DMRS

DMRS sequence and RE mapping
Gold sequence
For the PBCH part not overlapping with PSS/SSS:         Density 1/4
For the PBCH part overlapping with PSS/SSS:                DMRS density can be sparser

PBCH payload size
48 

PBCH channel coding scheme
polar code (FRANK with block puncturing )

Receiver algorithms
CRC-Aided Successive Cancellation List decoding (CA-SCL) with list size = 8 


	ZTE
	NR-PBCH RE mapping
Alt. 1.

SS-block composition
PSS-PBCH-SSS-PBCH

SS-block time index indication
A combination of PBCH-DMRS, PBCH-implicit and/or PBCH-explicit. 

Solution depends on the maximum number of SS blocks per SS burst set (4, 8 or 64) and on the number of indices that can be carried on PBCH-DMRS.

SFN indication
A combination of PBCH-explicit, PBCH-DMRS and/or PBCH-implicit. 

Solution depends on periodicity of SS burst set, maximum number of SS blocks per SS burst set (4, 8 or 64) and on the number of indices that can be carried on PBCH-DMRS.

DMRS sequence and RE mapping
Uneven mapping with no/reduced DMRS within SSS bandwidth. 1/4 DMRS density outside SSS bandwidth.

PBCH payload size
48 bits including CRC

PBCH channel coding scheme
Polar coding, details to be decided in channel coding session.

Receiver algorithms
Polar decoding algorithm (e.g. SCL-decoding)


	InterDigital
	NR-PBCH RE mapping
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. 
Constellation: QPSK
Frequency first mapping

SS-block composition
PSS-SSS-PBCH-PBCH. PSS- PBCH- SSS-PBCH can also be considered.

SS-block time index indication
Combined explicit and implicit indication

SFN indication
Hybrid indication (combined implicit and explicit indication)

DMRS sequence and RE mapping
Gold (or m) sequence
DMRS Density 1/3 or 1/4 preferred
Uneven mapping preferred

PBCH payload size
[48, 72] bits including CRC

PBCH channel coding scheme
PC/CA Polar Codes. Code word of Length 512. 

Receiver algorithms
· CFO Estimation using repeated symbol.
· 2D-MMSE Channel Estimation. 
· MMSE detection of data at two receive antennas
· Joint constellation demapping and polar decoding


	Sierra Wireless
	NR-PBCH RE mapping
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 

SS-block composition
PSS-SSS-PBCH-PBCH 

SS-block time index indication
Explicit indication by NR-PBCH payload

SFN indication
MSB part of the SFN is explicit (in the NR-PBCH payload), and LSB part of the SFN is implicit. 

DMRS sequence and RE mapping
DMRS sequence is mapped on subcarriers with unequal interval: No DMRS mapped within the NR-SSS transmission bandwidth, and equal interval mapping outside the NR-SSS bandwidth. 
Zadoff-Chu sequence for DMRS.

PBCH payload size
<Number of bits>

PBCH channel coding scheme
<Details of the channel coding scheme>

Receiver algorithms
<Details of the receiver algorithms >


	NTT DOCOMO
	NR-PBCH RE mapping
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.
Frequency first mapping and QPSK are applied.

SS-block composition
In case that number of PBCH symbols is two within a SS block, Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH.
For 6-52.6 GHz frequency range, number of PBCH symbols can be three within a SS block if (at least part of) SS block index is explicitly indicated in NR-PBCH and short delay for PBCH reading is really necessary as argued in RAN2 LS (R2-1706160).
The mapping order of SS blocks in such case is PSS-PBCH-SSS-PBCH-PBCH.

SS-block time index indication
For below 6 GHz frequency range, SS block index is implicitly indicated by using PBCH-DMRS sequence.
For 6-52.6 GHz frequency range, a part of SS block index is implicitly indicated by using PBCH-DMRS sequence, and remaining part of SS block index is explicitly indicated in NR-PBCH.

SFN indication
3 bits of SFN (within 80 ms) are implicitly indicated, and remaining 7 bits of SFN are explicitly indicated in NR-PBCH.
Additional explicit 1 bit in NR-PBCH is used for half radio frame timing indication.

DMRS sequence and RE mapping
Option 1: DMRS sequence is mapped on subcarriers with equal interval.
DMRS RE density is 3 RE per PRB in each PBCH symbol.
At least for evaluation purpose, LTE pseudo random sequence generator based on Gold sequence is assumed for DMRS sequence generation.

PBCH payload size
FFS in the range of [48-64].
Different payload size of NR-PBCH for below-6 GHz frequency range and for 6-52.6 GHz frequency range can be considered.

PBCH channel coding scheme
DSPC-Polar codes with 16-bits CRC and 3-bit distributed simple parity check bits

Receiver algorithms
MMSE 2D channel estimation
DSPC-Polar codes with list decoding


	Intel
	NR-PBCH RE mapping

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.

SS-block composition
PSS-PBCH-SSS-PBCH

SS-block time index indication
Implicit mapping of SS block time index further complicates PBCH decoding, and therefore is not preferred. 

Selection between DM-RS based SS block time index indication and Explicit indication in PBCH payload will depend on further evaluations. (Intel plans to evaluate and provide input by RAN1 NR 2017 June Ad-hoc meeting). 

SFN indication

Similarly to SS block time index indication, Intel plans to evaluate and provide input by RAN1 NR 2017 June Ad-hoc meeting. At the moment, FFS.

DMRS sequence and RE mapping
Uniform mapping of DM-RS REs across the PBCH.
Intel is evaluating the exact density of the DM-RS and we will provide input by RAN1 NR 2017 June Ad-hoc meeting.
DMRS sequence should be aligned with DMRS sequence of NR PDSCH. The exact sequence details are FFS.


PBCH payload size
The actual payload size will depend on RAN2 response and details of the CORESET configuration parameters for RSMI. Our guess and estimate puts PBCH payload size in the ranges of 48 ~ 64 bits.

PBCH channel coding scheme
As per agreement, Polar coding construction as used for downlink control channel with Nmax = 512. 

Note the following is the agreement from RAN1 #89bis
Agreement:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS, is transmitted explicitly	
· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design


Receiver algorithms
List 8 SC decoding of Polar code.


	LG Electronics
	NR-PBCH RE mapping
Alt. 1: 
Constellation: QPSK
Frequency first mapping

SS-block composition
PBCH-PSS-SSS-PBCH

SS-block time index indication
Alt1. PBCH DMRS based SS block time index indication 
Alt2. Combination of PBCH DMRS based indication and Explicit indication in PBCH payload

SFN indication
Implicit 3bits with explicit 7bits

DMRS sequence and RE mapping
Gold sequence (Cell-ID, SS Block index)
Even mapping of DMRS REs across the PBCH
1/3 density

PBCH payload size
40~64bits

PBCH channel coding scheme
Polar coding

Receiver algorithms



	[bookmark: _Hlk484210870]Ericsson
	NR-PBCH RE mapping
Alt 2. Note that when being transmitted, different cell-specific scrambling is applied on the different NR-PBCH symbols in a NR-SS block.

SS-block composition
PSS-PBCH-SSS-PBCH

SS-block time index indication
Explicit + implicit. The exact number of bits for each depends on evaluation. The implicit bits are delivered by the phase relationship between the two NR-PBCH symbols.

SFN indication
Explicit including half radio frame.

DMRS sequence and RE mapping
A pseudo-random cell-specific sequence allocated in the even spaced DMRS REs with 4 REs/OS/PRB

PBCH payload size
50 bits

PBCH channel coding scheme
Polar code

Receiver algorithms
Realistic channel estimation


	Sequans
	SS-block time index indication
Implicit indication by PBCH with time-related scrambling sequences.

The following figure depicts explicit (option a) versus implicit (options b & c):
[image: SS_time_index]
We further propose to scramble only the most reliable data bits with the time related scrambling sequence to gain less FAR increase due to multiple CRC checks and more reliable soft combining.
Options b & c are utilizing a longer time-stamp sequence (with longer Hamming distance between different timing sequences) scrambled with the more reliable bits to mitigate the chance of detecting a wrong SS time index and thus increase its reliability.

Receiver algorithms
Realistic channel estimation.

Possible schemes for the decoding process giving the implicit indication:
Decoding of a single block:
[image: SS_time_index]
Soft combination among multiple blocks:
[image: SS_time_index (1)]
Where Z is the encoded scrambling sequence S before the encoder. 



1

image2.png
{

m

mm

PSS

nmm

i

I





image3.png
AL

=

PSS





image4.jpeg
@





image5.jpeg
LLRs of
RX block

Polar
decoder

no

Ignore

De-scramble with yes . MIB found
sequence S(ty) with ty
: Ignore
De-scramble with yes _ MIB found
sequence S(tg.;) with tg.}




image6.jpeg
LLRs of
RX block t;,

LLRs of P
RX block t+]

1| De-scramble with
sequence Z(to)

Accumulate
LLRs from
different
blocks.

. De-scramble with
. sequence Z(t))

sequence Z(t mod k)

H De-scramble with

blocks

Accumulate
LLRs from Calculate
different power

L De-scramble with
] sequence Z(44-1) moa )

Choose Acc
LLRs with
‘maximal power

Accumulate
LLRs fom | Calculate | *
different power

blocks

Polar
decoder

no

Ignore

yes

MIB found with
&ty




image1.emf
(1) (2)

(3)

(4)

NR-PSS NR-SSS

NR-PBCH

not 

defined 

yet

NR-PBCH Copy 

version 

Frequency 

direction

Time 

direction

14 OFDM symbols 14 OFDM symbols

14 OFDM symbols

14 OFDM symbols

1 OFDM symbol 

duration

72 

subcarriers 

(

6 

PRBs

)


Microsoft_Visio_Drawing11111.vsdx
(1)
(2)
(3)
(4)
NR-PSS
NR-SSS
NR-PBCH
not defined yet
NR-PBCH Copy version
Frequency direction
Time direction
14 OFDM symbols
14 OFDM symbols
14 OFDM symbols
14 OFDM symbols
1 OFDM symbol duration
72 subcarriers (6 PRBs)




1


 


 


3GPP TSG RAN WG1


 


Meeting


 


#89


                    


 


                


    


R1


-


170


9868


 


Hangzhou, China, 15


th


  


–


 


19


th


 


May


 


2017


 


 


 


Agenda Item:


 


7.1.1.2.1


 


Source: 


 


Ericsson


 


Title:


 


 


Summary of email discussion 


[8


9


-


15


] 


Details for 


NR


-


P


BCH 


evaluation


 


Document for:


 


   


Discussion


 


1.


 


Background


 


 


The following email discussion was initiated at 


RAN1#89


:


 


 


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 ne


ed 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 compositi


on


 


–


 


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 do


ne in channel coding session/agenda


 


–


 


Receiver algorithms


 


 


 


 


This is the summary of the discussion


 


 


2.


 


Proposals for 


NR


-


PBCH RE mapping


 


 


Fill in the details for the 


alternative 


NR


-


PBCH mapping.


 


vivo


 


We propose a revised repetition solution based on Alt2, namel


y Alt3 below:


 


–


 


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 




1     3GPP TSG RAN WG1   Meeting   #89                                              R1 - 170 9868   Hangzhou, China, 15 th    –   19 th   May   2017       Agenda Item:   7.1.1.2.1   Source:    Ericsson   Title:     Summary of email discussion  [8 9 - 15 ]  Details for  NR - P BCH  evaluation   Document for:       Discussion   1.   Background     The following email discussion was initiated at  RAN1#89 :    

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 ne ed 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 compositi on   –   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 do ne in channel coding session/agenda   –   Receiver algorithms    

    This is the summary of the discussion     2.   Proposals for  NR - PBCH RE mapping     Fill in the details for the  alternative  NR - PBCH mapping.  

vivo  We propose a revised repetition solution based on Alt2, namel y Alt3 below:   –   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 

