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Background of MIB-NB scrambling

e Current specification

« Scrambling code for 1600 bits MIB-NB >

NMIB scrambling code initialization: <200 bits—|
Code part #0 | Code part #1| Code part #2 | Code part #3 | Code part #4 | Code part #5 | Code part #6 | Code part #7
C _ N Ncell
init — ID
All repetitions during 80ms share one All repetitions during 80ms share one
same scramble code same scramble code
Code part Code part Code part Code part Code part Code part
#0 #0 #0 #7 #7 #7
| |
| | | | | |
scramble scraeﬂble scrahble scramble scra}nble sc:ra|'r|b|e
| |
T e T e T 1--
| [Rep#0 | |

|
|
| 80ms, MIB-NB block #0 | 80ms, MIB-NB block #7

(including 8 repetitions) ' (including & repetitions)

e QObservation
Scrambled MIB-NB bits between repetitions within each 80ms block are same.
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Background of SIB-NB scrambling

e Current specification

NSIB scrambling code initialization:

Fr=—===—=77- v, TTTTC

C:'m'x
t f 4
- Unchdnged Unchanged
Fixed between SIB-NB between SIB-NB
repetitions repetitions

= My 2" 4i(n, mod 2% 2% [, /2}2° + Ny

f

N
Fixed

e Observation

SIB-NB period (e.g. 2560ms)

(including 16 repetitions)

\[__Rep#0 | [ Rep#l |
|____$ ________________ e _____
|

scramble scramble
I |

Scramble code C Scramble code C

All repetitions share same scramble code

Scrambled SIB-NB bits between repetitions within Sl period are same.
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Problem of MIB-NB/SIB-NB scrambling

MIB-NB/SIB-NB scrambled bits are the same between repetitions, which
leads to coherent combining of interference from neighbor cells in the
following configuration

Scenario #1

> MIB-NB/SIB1-NB transmissions are time aligned between cells
> Some configurations of other SIBs result in time alignment

In a synchronous network, this time alignment will often occur
> MIB-NB transmitting on same pre-defined sub-frames for all cells

> SIB1-NB has only 2~4 frame offset options to stagger transmission between cells
depending on repetition number, but there may be many more neighbor cells

((cg)))

In a non-synchronized network, intra-site cells are typically synchronized Scenario #2

The performance impact can be large especially under interference limited
scenarios
> As Doppler reduces, UE more often fails to access the cell because it cannot receive
SIB1-NB even though it is within the coverage of the cell

> This leads to real-world cases where very large proportion of UE battery life is
consumed by failed cell accesses, and in very low Doppler, the UE cannot access the
network at all — even though it is within cell coverage
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Performance evaluation

MIB-NB SIB1-NB

MIB-NB, interference limited, TU1Hz

SIB1-NB, interference limited, TU1Hz

716 Scenario#1, different scrambling between repetitions
~~-4-Scenario#1, same scrambling between repetitions
-6 Scenario#2, different scrambling between repetitions

1-e-Scenario#1, different scrambling between repetitions |
|-4-Scenario#1, same scrambling between repetitions
=&~ Scenario#2, different scrambling between repetitions

|- Scenario#2, same scrambling between repetitions 107

|=&-Scenario#2, same scrambling between repetitions

"~

i
1280
reception duration(ms)

| | ; |
80 160 320 640 320 640
reception duration(ms)

MIB-NB, interference limited, TUO.1Hz

SIB1-NB, interference limited, TUO.1Hz

| -&-Scenario#1, different scrambling between repetitions |

-A-Scenario#1, same scrambling between repetitions
-©-Scenario#2, different scrambling between repetitions

-A-Scenario#2, same scrambling between repetitions

-A-Scenario#1, same scrambling between repetitions

_a||2- Scenario#2, same scrambling between repetitions

-©-Scenario#1, different scrambling between repetitions F

-6 Scenario#?2, different scrambling between repetitions|

‘ i
80 160 320 640 320 640 1280
reception duration(ms) reception duration(ms)
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900 MHz
SNR=30dB
SIR

Scenario#1:0dB
Scenario #2: -3 dB

SIB1 TBS: 208 bits

Synchronous
between cells
MIB-NB/SIB-NB have
same t-f resources in
each cell

Realistic channel
estimation across 5
sub-frames
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Performance evaluation

_4| "2 Scenario#2, same scrambling between repetitions

MIB-NB, interference limited, TU1Hz

‘- Scenario#1, different scrambling between repetitions
|=&-Scenario#1, same scrambling between repetitions
|-e-Scenario#2, different scrambling between repetitions

|=&-Scenario#2, same scrambling between repetitions

1 fy
80 160 320 640
reception duration{ms)

MIB-NB, interference limited, TUO.1Hz

-©-Scenario#1, different scrambling between repetitions |-

-A-Scenario#1, same scrambling between repetitions

-6 Scenario#2, different scrambling between repetitions|

80 160 320
reception duration(ms)
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SIB1-NB

SIB1-NB, interference limited, TU1Hz

{-e-Scenario#1, different scrambling between repetitions
-&-Scenario#1, same scrambling between repetitions

-©-Scenario#2, different scrambling between repetitions
-A-Scenario#2, same scrambling between repetitions

| i
10 320 640 1280 2560
reception duration(ms)
0 SIB1-NB, interference limited, TUO.1Hz
10° -

S

-©-Scenario#1, different scrambling between repetitions

-&-Scenario#1, same scrambling between repetitions S
-©-Scenario#2, different scrambling between repetitions| T
4/ "2-Scenario#2, same scrambling between repetitions

320 640 1280 2560
reception duration(ms)
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e 900 MHz
e SNR=30dB
e SIR

Scenario#1:0dB
Scenario #2: -3 dB
e SIB1 TBS: 208 bits

e Synchronous
between cells

¢ MIB-NB/SIB-NB have
same t-f resources in
each cell

¢ Realistic channel
estimation in 1 sub-
frame
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Observations

Performance impact on SIB1-NB is serious within the cell’s coverage when

interference limited

> SIB1-NB decoding needs 2560ms reception @1%BLER
> SIB1-NB almost can be un-decodable in low Doppler channel.

Introducing different scrambling between repetitions of MIB-NB/SIB1-NB has
significant gain in interference limited scenarios

> MIB-NB
» More than 3 dB gainin TU 1Hz
» Around 6 dB gainin TU 0.1Hz.
> SIB1-NB
» Several dB gainin TU 1Hz
» Gain enough in TU 0.1 Hz to restore cell access to the UE

» These lead to benefits for latency of cell acquisition, and restore access to the network for those
UEs which can otherwise be lost even within network coverage
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Configuration not useful in synchronous cells

e Different synchronous cell configures different SFN can not solve MIB-NB issue

>

>

>

>

>

MIB-NB content changes every 640ms

——N1B-M B 640ms perod———»
Different cell can stagger SFN by configuration CellA

Coherent combining of interference from neighbor cells partially relieved | «——MIB-NB 840ms period——»

le—x frames offset—» el B

This is not sufficient to solve the problem thoroughly

Intra-site cells cannot perform such configuration particularly for NB-loT in-band operation

e SIB1-NB issue cannot be solved by configuration

>

>

In the case repetition number of SIB1-NB is 16, only two offsets can be configured

Starting radio frame

At least 2 cells have SIB1-NB collision within intra-site 3 sectors

» Also not sufficient for inter-site cells PCID mod 4 =0 SFN mod 256 = 0
PCID mod 4 =1 SFN mod 256 = 16
PCID d2=0 | | | | B [ L1000 0000ttt 8L e
o LTI T PDmoda=2  SFNmod256=32
Frame #(256m+16n)—>«—Frame #(256m+16n+1)—>j«—Frame #(256m+16n+2)—>«—Frame #(256m+16n+3) Frame #(256m+16n+14)>«Frame #(256m+16n+15
PCID mod 4 =3 SFN mod 256 = 48
pcomod2=1 | [ [ [ 1111111 L@ TPttt ]
ELLLU_UJ_L _ININERERNARERERENE E_LLU_UJ_L B e —
— E a_m_e #(256m+16n)—><—Frame #(256m+16n+1)—»<—Frame #(256m+16n+2)—><—Frame #(256m+16n+3) Frame #(256m+16n+14)»<Frame #(256m+16n 35’
__________________________________ PCID mod 2 = 1 SFN mod 256 = 16
________ 160 ms -7
[Repetition #151 Repetition #0 I Repetition #1 j ------ ------ [Repemlon #15 ( Repetition #0 ) PCID mod 2 =0 SFN mod 256 = 0
Period #(m-1) | Period #m (2560 ms) {  Period #(m+1) PCID mod 2 = 1 SFN mod 256 = 1
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Why MIB-NB/SIB-NB needs robust scrambling

e Synchronous network deployment is the trend

> Some operators’ networks are already time synchronous, e.g., TD-LTE, CDMA. NB-loT may evolve from
the existing TD-LTE and CDMA sites

> TDD is a very important 5G duplex mode, which requires a tightly synchronous network
> Many features, e.g., NB-loT TDOA, eDRX requires the network to be synchronous

> Many LTE features, e.g., CoMP, MBSFN, requires the network to be synchronous. NB-loT in-band
operation will be subject to coexistence with LTE configurations for such features.

e Intra-site cells are synchronous even when a network is not synchronous inter-site
* Inreal networks, the deployment is less regular (non-hexagonal) than in a simulation analysis
> Interference can appear in more locations in the field, especially as networks become denser

e The gain by introducing robust scrambling is valuable for NB-loT eco-system

> In many loT applications, UEs are installed in fixed locations so any poor performance will be prevalent
for long periods.

» If UEs cannot camp in the network despite being within coverage, there is an unexpected network and
device behavior for the customer
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Robust MIB-NB scrambling

« Scrambling code for 1600 bits NMIB >
+—200 bits—|
nfmod 8=0 Codey part #0 |Code, part #1 |Cc>deg part #2 | Codey part #3|Code0 part #4 |Codeo part #5 |Codeo part #6|Codeo part #7
» Change scrambling initialization:
nfmod 8=1 Code, part #0 |Code, part #1 |Code, part #2|Code1 part #3|Code1 part #4 |Code1 part #5|Code1 part #6|Cod91 part #7

C..i. = (N, mod 8) - 2° + N X"

nfmod 8=7 Code; part #0|Code; part #1 |Cc~de; part #2 | Code; part #3|Code; part #4 |Code7 part #5 | Code; part #6|Code; part #7

o 80ms, MIB-NB block #0 _ -~ 80ms, MIB-NB block #7 N
': (including & repetitions) J |; (including 8 repetitions) J
_________________________________ | T e e e e
| |
! !
s e Sl s e S P Sl
| |
scramble scramble scramble scramble scramble scramble
Cﬂdeé part CodeI1 part Code'? part Codel. part Code'1 part Code'? part
# 0 # # 7
Different repetitions during 80ms use Different repetitions during 80ms use
different scramble codes different scramble codes
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Robust SIB-NB scrambling

» Change scrambling initialization:

Option 1:

C

init

Replace the SI-RNTI field by system frame number

=n, -2+ |n /2| 29 4+ NN

or

Option 2:
Remove the slot number field and use SFN mod prime

Cinit = Nrmi -2+ (n; mod 61)- 2° + ngce"

Cinit = Nrnmi 2" + (n; mod31)- 2° + N |NDce“

SIB-NB period (e.g. 2560ms)

scramble
I

Scramble code Co

HUAWEI TECHNOLOGIES CO., LTD.

(including 16 repetitions)

scramble
|
Scramble code Gy

scramble

|
Scramble code Cis
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Summary

Problem

e MIB-NB/SIB-NB scrambling initialization is the same for each repetition, which can lead to
coherent combining of interference from neighbor cells in intra-site scenarios and synchronized
inter-site scenarios

* In some interference-limited cases, UE cannot access the cell even though it is within the cell’s
coverage

Solution
e Scrambling initialization needs to be different for each repetition of the codeword
o Differently-scrambled repetitions of MIB-NB need to be interleaved

> MIB-NB scrambling code initialization change: > SIB-NB scrambling code initialization change:
— 9 Ncell ,
Cinit = (ny mod 8) - 2° + Njp® Cinit = ArnTr2+(ns mod2)- 213 + |ny/2]-2° + Nﬂfen
One 1600-bit repetition is transmitted in sf#0
of 8 radio frames distributed across 640 ms TTI OR
Cinit — MRNTI * 215}4 -+ (nf mod 6‘1-2) . 29ng +%N¥ﬁ:en
I

(example using a particular prime number)
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