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1	Introduction
This paper provides the information about the coverage improvement techniques designed in radio access network for NB-IoT in the course of determining the Control Plane Service Request (CPSR) encoding scheme in CT1 for the uplink NB-IoT data transmission. The authors desire that such information can assist CT1 with selection of the proper proposal to minimizing message size of the CPSR message. 

2	Radio Aspects
2.1	Repetition technique
NB-IoT uses the concept of repetitions and signal combining techniques to improve coverage extension. The eNodeB selects the repetitions together with the configuration of the radio resources, the Modulation and Coding Scheme (MCS) depending on UE’s coverage.
3GPP TR 36.888 has described the following regarding repetition mechanism.
[image: ]The element of the above table marked in yellow shows that, in order to improve the coverage for UE sending the CIoT data via the PUSCH channel, a transmission repetition is specified. 
Additionally, GSMA document “Official Document CLP.28 - NB-IoT Deployment Guide to Basic Feature set Requirements”, Chapter “A.4 3GPP Release 13 Features” described that a transmission repetition means that a single transport block is transmitted over multiple subframes, thereby providing higher transmit energy per information bit for a given transmit power.
[image: ]

2.2	Number of repetitions
The PUSCH-Config information element in 3GPP TS36.331 defines the number of repetitions for the uplink data transfer with the range from 8 to 32 for Mode A devices and 192 to 2048 for Mode B devices (see the text marked in yellow below). 
[image: ]
2.3	Consequence with CPSR message size
Transport block size (TBS) refers to how many bytes/bits are transferred in a 1ms time slot in the LTE physical layer (see the figure below).  Depending on the modulation and coding scheme and the number of resource blocks, the MAC/Layer 2 in the eNB determines and assigns the TBS to the UE. 
In order to send a CPSR message to transmit the NB-IoT data, assume that the eNB assigns a TBS with N bytes to the UE. Furthermore, for the sake of simplicity, assume that the encoding scheme in C1-193190 (Option A) results in a single layer 2/MAC SDU with a number of N-m bytes (following up the formatting and generating SDUs in the different PDCP/RLC/MAC layers as shown in the figure below). On the contrary, C1-193713 (Option B) results in a single layer 2/MAC SDU with a number of N+m bytes. If the eNB does not indicate the transmission repetition to the UE, for Option A, the UE utilizes one TBS with N-m user data and m padding bits. However, for Option B, the UE utilizes two TBS, one TBS with N user data, and additionally another one with m user data and N-m padding bits. Now, if the UE is deeply in an extended coverage area so that a transmission repetition is required by the eNB (see the table in Section 2.2), the UE, with Option B implemented, has to utilize up to 2048 times more extra TBS compared to Option A. This is very costly in terms of the number of TBS assigned and used in the layer 1.
[image: ]
2.4	Battery life
TR 45.820 provides analysis for battery life based on the amount of data to be transferred. An example is quoted below which quantitatively shows that the battery life can be extended while sending less bytes of data.
Although the analysis focused on GPRS, similar results can be deduced for NB-IoT in LTE.
[image: ]
Conclusion of Section 2: With the analysis above, we can conservatively conclude that the larger the size of the CPSR message is, the higher is the likelihood of utilizing more TBS to send the same small data, which in turn will reduce the battery life.

3	Commercial Aspects
One of the main objects of 5G-CIoT deployment is to provide features that should be more advanced to the IoT service providers and more efficient such as the longer battery life. It is to expect that, without evident improvements compared to 4G-CIoT mobile system, the willingness to build up a new 5G-CIoT economic system will be demotivated. Consequently, it will commercially harm both the network operators and the mobile device/network vendors who have spent tremendous investment and effort in working in 5G industry including 3GPP. 
In view of this, Table 1 in C1-19QLCM provides a comparison of the size of the CPSR messages in EPS and 5GS, as shown below. It can be seen that the proposal in C1-193713 (Nokia) is even worse than what we have in EPS regarding the total CPSR message size.
Table 1: Size of a security protected NAS message carrying a CPSR in EPS vs 5GS
	Case 
	CPSR in EPS -
Total size in octets
	CPSR in 5GS with C1-193190 (QCM)
Total size in octets
	CPSR in 5GS with C1-193713 (Nokia)
Total size in octets

	CPSR (no RAI, no EPS bearer/PDU session status)
	17
	16
	20

	CPSR with RAI
	18
	16
	21

	CPSR with EPS bearer/PDU session status
	21
	18
	24

	CPSR with RAI & EPS bearer/PDU session status
	22
	18
	25



 
4	Stage 2 recommendations
It is worth emphasizing that SA2 sent LS in C1-170303 and provided the following recommendations back to 2017.
· SA2 would like to point out that overhead associated with the header size of the protocol should be kept to a minimum in consideration of the fact that the UE may be an NB-IoT UE and may be in enhanced coverage mode.

5	What CT has decided?
In CT1 meeting #115 (Montreal), instead of reusing the SR message the CPSR message was born to carry the NB-IoT data in 5GS. This decision is made because CT1 believe that including the 5G-S-TMSI in the SR message will decrease the signaling transmission efficiency. With this CT1 decision in mind, the authors believe that CT1 has highly acknowledged the importance of achieving the signaling transmission efficiency and shall continually regard it as one of the main criterion for finally determining the encoding scheme of the CPSR message.
6	Conclusion
The authors urge that CT1 shall only agree to specify the CPSR message encoding requiring the smaller message size.

Annex	UL transmission repetition details for NB-IoT
An illustrative example as to how the UL transmission repetition works is shown in the “whitepaper Narrow Band_IoT” https://cdn.rohdeschwarz.com/pws/dl_downloads/dl_application/application_notes/1ma266/1MA266_0e_NB_IoT.pdf
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5.2.4 Transmitting the UL Data Channel

The DCI format NO indicates an UL grant for transmission on the NPUSCH, including
all relevant parameters. One transport block can be repeated several times. The
arrangement of the repetitions depends on the number of subcarriers for one RU, the
subcarrier spacing and the number of repetitions. This shall be first illuminated with an
example shown in Figure 5-5:
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Figure 5-5: Example of an arrangement for NPUSCH transmission with ropetitions. For the case of no.
‘repetitions, the slot sequence shown in (b) wouid be transmitted.

For the case of a 15 kHz subcarier spacing, a transport block, named test word (TW),
transmitted on two RUS (a), where each RU has the format of 3 subcarrier over 8
slots (b). A total number of 8 repetitions is applied. In Figure 5-5 T, denotes the n-th
slot of the first RU, W,, the m-th slot of the second RU.

In a first step, the two slots T, and T are transmitted. This pair is repeated three more
times, 5o that there are 4 transmissions of these siots. Then the same procedure is
done with the next two slots. This is continued until the slots W, and W are pairwise
transmitted four times. Finally, s there are now 4 repetitions of the TW, the transmis-
sion sequence is repeated once again, reaching this way the 8 repetitions.

In the general case, the first repetition of two slots is always done for a subcarrier
‘spacing of 15 kHz. On the 3.75 kHz subcarrier spacing it is done for every slot sepa-
rately. The total number of first repetitions is half the number of total repetitions with an
‘upper limit of four, if the RU has more than one subcarrier, or one if the RU has only
one subcarrier. On the above example this would mean that i there would be 32 repe-
titions, the sequence generation would be like in Figure 5-5 (c), however the total
‘sequence would be repeated 7 additional times.

Usually, the sequence is mapped to a contiguous set of siots. An exception occurs on
a larger number of repetitions. To be more precisely, after a transmission of 256 ms, a
gap of 40 ms is created before the NPUSCH transmission is continued. This gap is
necessary, because when the UE transmits on the NPUSCH, it cannot simultaneously
receive the DL channel and may so lose the synchronization to the eNB. During this
gap, synchronization is fine-tuned again.
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9.5 Analysis of Physical Channels and Signals

This subclause provides analysis of coverage improvement techniques for various physical channels. List of
possible link-level solutions for coverage enhancement of various physical channels are summarised in Table

9.5-1
Table 9.5-1: Possible link-level solutions for coverage enhancement of physical channels and
signals

Channels/Signals | PSS/SSS | PBCH | PRACH | (E)PDCCH | PDSCH/ | PUCCH
Solutions PUSCH
PSD boosting X X X X X
Relaxed requirement X X
Design new channels/signals X X X X X

X X X X

Low rate coding X X X X
TTI bundling/Retransmission X
Spreading X X
RS power boosting /increased RS
density X X X
New decoding techniques X
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Extended Coverage GSM (EC-GSM-
loT)

Extended Coverage GSM loT (EC-GSM-loT)
is an evolution of the GSM standard (2G) that
provides 10 to 20 dB coverage extension. It
allows deep indoor coverage (basements...),
full rural coverage (agriculture) and allows
cheaper modules than classical GSM (reduced
Tx power). Extended Coverage GSM IoT can
be activated as a new service thanks to
software upgrades in BSS and SGSN. In
addition, EC-GSM-IoT can use PSM and
eDRX to support device battery lifetimes of 10
years. The coverage extension is achieved by
the repetition of messages at the physical
layer between the UE and the BSC, to provide
necessary robustness.

15

LTE Coverage Enhancement (CE)

UE uses enhanced coverage functionality to
access the cell. This is a RAN feature based
on the repetition of messages between the UE
and the eNB. A single transport block is
transmitted over multiple subframes, thereby
providing higher transmit energy per
information bit for a given transmit power

TS 36.300 § 23.7b
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Table 6.2.6.6-9: Results in years, 33 dBm, normal burst access

: Loss = GPRS Loss = GPRS
Packet size, Loss = GPRS
reporting interval reference MCL +0dB referenc:BMCL +10 referenc:BMCL +20
50 bytes, 2 hours 17,6 14,1 28
200bytes, 2 hours 12,9 8.6 1,2
50 bytes, 1 day 34,7 334 18,7
200 bytes, 1 day 328 29,7 10,9





