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Introduction
Baseband signal generation of NPRACH reuses description of LTE PRACH [1]:


, 


with , . 

And two explicit parameters for NPRACH configuration in frequency domain were agreed as in [2]:
· NPRACH resource subcarrier offset (nprach-SubcarrierOffset) ∊ {0, 12, 24, 36, 2, 18, 34}
· NPRACH resource number of subcarriers (nprach-NumSubcarriers) ∊ {12, 24, 36, 48}

[bookmark: _GoBack]In this contribution, we discuss further changes needed for NPRACH on top of [1].
[image: ]Discussion
Frequency of NPRACH baseband signal generation is represented by

, where , , . 
The term  corresponds to the lowest 15 kHz sub-carrier in the NB-IoT band, or 7.5 kHz above the lower edge of NB-IoT band as depicted in Figure 1. Therefore NPRACH by this description has 7.5 kHz offset by default.

In [1], frequency part of baseband signal generation for 3.75 kHz single carrier NPUSCH/NPUCCH is expressed as

, where . This means NPUSCH/NPUCCH has offset of 1/2 of 3.75 kHz sub-carrier from band edge. On the other hand, NPRACH description does not have this offset of 1/2 of 3.75 kHz sub-carrier (but has offset of 1/2 of 15 kHz sub-carrier instead as mentioned above). If sub-carriers of NPRACH need to align with 3.75 kHz sub-carriers of NPUSCH/NPUCCH in frequency domain, term of  would be needed.

 is defined as  in [1].  should be expressed in terms of 3.75 kHz sub-carrier because it describes position of NPRACH and frequency hopping in frequency domain. However, as it is multiplied by the factor K, it actually describes NPRACH behaviour in terms of 15 kHz sub-carrier.
If it is preferable NPRACH reuses PRACH description as in [1], definition of  should be changed to  so that the factor K is cancelled.
Proposal 1: definition of  should be  to describe NPRACH in terms of 3.75 kHz sub-carrier

It has been agreed that NPRACH resources can have offset in frequency domain among {0, 12, 24, 36, 2, 18, 34} in terms of 3.75 kHz sub-carrier. On the other hand, as discussed above, current description of PRACH [1] has the term 7.5 kHz offset. This 7.5 kHz offset has to be removed to enable zero offset. The parameter  can be used for the purpose by setting it to .
Proposal 2:  can be set to , or  can be set to  to align 3.75kHz sub-carrier of NPRACH and NPUSCH/NPUCCH in frequency

If it is not necessary to reuse LTE PRACH equation, description of frequency domain will be simply described as follows:

Or, if NPRACH needs  shift, it will be:


[image: ]Some consideration on guard-band is given below.
LTE PRACH has guard band of 15 kHz width with adjacent RB to avoid interference from PUSCH to PRACH. It is shown in Figure 2. According to the agreement, NPRACH sub-carrier can be on the edge or 7.5 kHz away from the edge of the NB-IoT band. 7.5 kHz case is depicted in Figure 2.
For stand-alone operation, interference from adjacent carrier does not need to be considered as each carrier is isolated with a guard band of 20 kHz width between carriers.
For in-band operation, on the other hand, there is zero or 7.5 kHz guard band between NPRACH and adjacent RB. To avoid interference from LTE PUSCH to NPRACH, adjacent RB may need to be reserved as a guard band.

Observation: for in-band operation, an LTE PUSCH resource adjacent to NPRACH band may need to be reserved to avoid interference from LTE PUSCH to NPRACH

Figure 2: guard-band between (N)PRACH and PUSCH
(Note: 1/2 of 3.75 kHz sub-carrier offset for NPRACH is not included)
Conclusion
In this contribution, necessary change is discussed if NPRACH reuses LTE PRACH description and following proposals are made:
Proposal 1: definition of  should be  to describe NPRACH in terms of 3.75 kHz sub-carrier
Proposal 2:  can be set to , or  can be set to  to align 3.75kHz sub-carrier of NPRACH and NPUSCH/NPUCCH in frequency

And we made an observation on the agreement made in RAN1 ad-hoc
Observation: for in-band operation, an LTE PUSCH resource adjacent to NPRACH band may need to be reserved to avoid interference from LTE PUSCH to NPRACH
Reference
[1] R1-163380	Introduction of NB-IoT	Ericsson
[2] RRC parameter list



oleObject1.bin

image2.wmf
RA

f

f

K

D

D

=


oleObject2.bin

image3.wmf
1

ZC

=

N


oleObject3.bin

image4.wmf
2

RB

sc

RA

sc

0

N

n

k

-

=


oleObject4.bin

image5.emf
Uplink

Center

Figure 1



߮

݊

௦௖

ோ஺

ൌͲ

݊

௦௖

ோ஺

ൌͳ

݊

௦௖

ோ஺

ൌʹ

െܰ

௦௖

ோ஻

ʹ

Τ ൅ͳʹ

Τ ο݂

ο

݂

ൌͳͷ݇ܪ

݊

ݏܿ

ܴܣ

ൌ͵


image6.emf


15 kHz 3.75 kHz 1.25 kHz



LTE PUSCH

LTE PRACH

NPRACH

GB

GB


image1.wmf
(

)

(

)

(

)

(

)

å

å

-

=

-

D

+

+

+

-

=

-

×

×

=

1

0

2

1

0

2

,

PRACH

ZC

CP

RA

2

1

0

ZC

ZC

)

(

N

k

T

t

f

k

K

k

j

N

n

N

nk

j

v

u

e

e

n

x

t

s

j

p

p

b


