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1 Introduction
In LTE system, whenever there is DL packet, DCI in PDCCH schedules PDSCH to transmit DL packet. If DL packet size is small, DCI overhead seems a waste of DL resource. In addition, DCI overhead might also be reduced for periodic traffic type. To speed up NB-IoT standardization process, NB-IoT may follow most of design of LTE or eMTC. However, system enhancement with limited design modification shall be acceptable. In this contribution, “control-less data transmission” is analyzed. 
2 Control-less data transmission for small size packet
There are some packets with small size during communication. After analyzing DL packets transmitted by PDSCH in LTE, some examples are listed as below : 

· C-RNTI
· DL packet with small size : few bytes
· DL RLC ACK : 2 bytes above MAC
· RRC connection release : possible 5 bytes above MAC
· Some other RRC Msgs : few bytes above MAC
· P-RNTI
· Paging with one UE-ID : possible 4x/8x bit
· RA-RNTI
· RAR of RACH : possible 7 bytes
“Control-less data transmission” may be introduced for such packets. “Control-less data” may be transmitted through NB-PDCCH or NB-PDSCH. For convenience, S-TB (special TB for small size packet) is used as the container of small size packet in this contribution. 

2.1 Analysis of S-TB
Besides the small size packet, few information is also attached for design consideration. Possible fields in the S-TB are (also refer to Figure 1)

· Packet size indication : Y bits to indicate Xd, where Xd is the packet size in bytes.

There is no DCI for S-TB. Hence, considering decoding complexity, it is more convenient to define a fixed size for S-TB (as X bytes). Since the size of small packet is dynamic, padding is attached if necessary. In addition, packet size indication is introduced.
· Packet with potential padding : allowable max packet size (in bytes) = X bytes

· X = Xd + Xp

· Xd : size of small packet in bytes

· Xp : padding size in bytes

· UL ACK information : Z bits depending on UL ACK design
If UL ACK information has to be delivered, it is attached in S-TB. This depends on UL ACK design.

Moreover, CRC is also attached to S-TB for protection.
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Figure 1. Possible content of S-TB for NB-IoT
It is noted that if “the allowable max packet size >= 5 (in bytes)”, “RLC ACK” and “RRC connection release Msg” may be transmitted by S-TB. For a typical UL reporting behavior in NB-IoT, NB-IoT device may enter CONNECTED mode from PSM/IDLE, perform UL reporting, and goes back to IDLE/PSM mode. S-TB may be used to transmit “RLC ACK” to responds to UL “RRC connection setup complete Msg”, and another “RLC ACK” to responds to UL reporting. S-TB may also be used to transmit “RRC connection release Msg” so that NB-IoT device enters IDLE/PSM mode. If there are DL packets with small size, S-TB is also applicable. Therefore, there are many chances to use S-TB to improve DL resource usage.

Simulation results are also provided to examine the DL resource saving benefit. The case “DCI with associated NB-PDSCH” is for comparison reference. The information bits and target BLER are listed in Table 2. Table 3 shows the required number of subframes per transmission. For example, the required number of subframes is 123+60=183 @ MCL=164dB. With S-TB mechanism, it is found the required number of subframes is reduced from 183 to 65, corresponding to 64% DL resource saving.
Table 2. Simulation assumption for S-TB verification
	
	DCI with associated NB-PDSCH
	S-TB mechanism

	PHY channel
	NB-PDCCH
	NB-PDSCH
	To be designed
(NB-PDCCH or NB-PDSCH)

	Information bits
	24
	56
	56 + 8
(56 bits packet with some overhead)

	CRC bits
	16
	24
	24

	Target BLER
	0.01
	0.1
	0.1


Table 3. Simulation assumption for S-TB in Guard-band deployment scenario
	Number of subframes per transmission
	Normal DCI with associated NB-PDSCH
	S-TB mechanism

	MCL=164dB
	123 + 60 = 183
	65   (64% saving)

	MCL=154dB
	10 + 6 = 16
	6    (62% saving)


2.2 Further analysis of control-less data transmission
S-TB is designed with a fixed size and its size is not large. With only few different code rate protection as blind decoding candidates, the extra blind decoding efforts could be limited. Another concern for S-TB may be HARQ. For simplicity, HARQ combining is not introduced in S-TB mechanism for two reasons
· 1. If NB-IoT device does not decode S-TB successfully, the NB-IoT device does not even know there is a transmission to it.

· 2. There may exist more than one blind decoding candidate per S-TB transmission.

Max retransmission number may be configured to a larger value to meet same HARQ residual error [1] below RLC. In addition, capacity degradation due to few more retransmissions is quite limited especially when S-TB mechanism could provide significant DL resource saving for small size packets.

Observation #1: Control-less data transmission for small size packet is not complicated and provide DL resource saving.

3 Control-less data transmission in NB-PDSCH/NB-PUSCH
There are periodic commanding/reporting behavior in NB-IoT, for example periodic DL network commanding or periodic UL device reporting, respectively. Currently, SPS mechanism reduces control overhead in existing LTE system. However, periodic commanding/reporting behavior in NB-IoT cannot use the current SPS of LTE since it is only designed during CONNECTED mode usage. For a typical UL reporting behavior in NB-IoT, NB-IoT device enters CONNECTED mode, reports, and then go back to IDLE/PSM mode until the next reporting time. RAN2 agreed not to support the current SPS @ RAN2#91bis [2] since there seems no suitable traffic behavior in NB-IoT during CONNECTED mode. If SPS mechanism could be enhanced so that SPS can behave across CONNECTED/IDLE/PSM, periodic commanding/reporting can use enhanced SPS and system capacity can be greatly improved since not only DCI overhead for periodic transmission is reduced, but also paging/RACH overhead is also greatly diminished. In addition, for its flexibility, few more decoding candidates might be acceptable, for example, few pre-configured TBS/repetition candidates. Or for scheduling flexibility, more than one timing candidate might be acceptable.
Observation #2: Enhanced SPS across PSM/IDLE/CONNECTED may greatly reduce DCI/paging/RACH overhead.
4 Conclusion
In this contribution, control-less data transmission for small size packet is analyzed. DCI overhead could be reduced by the proposed S-TB mechanism. DCI overhead and additional paging/RACH overhead could be greatly reduced if SPS mechanism could behave across IDLE/PSM mode. Therefore, we share two observations.
Observation #1: Control-less data transmission for small size packet is not complicated and provide DL resource saving.

Observation #2: Enhanced SPS across PSM/IDLE/CONNECTED may greatly reduce DCI/paging/RACH overhead.
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6 Appendix

6.1 Simulation assumption 
	
	Guard-band

	LTE system bandwidth
	10 MHz

	eNB transmit power for NB-IOT
	Separate PA, 35dBm for 

NB-IoT with 1:1 layout

	Channel model
	TU1

	Antenna config
	DL : 2X1 SFBC

	PDCCH of LTE
	0 OFDM symbol

	Reference signals
	CRS has same power as NB-PDSCH

	Others
	Real CE
No timing error
No freq error

	

	
	TBCC
QPSK
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