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Introduction
In LTE WI on short TTI and reduced processing [1] the TTI length is reduced to 2 OFDM/SC-FDMA symbols or to a slot. Consequently, fewer resource elements are available for data and control in each sTTI compared to 1ms TTI. In RAN1#87 applying sTTI to small bandwidth was briefly discussed and the following agreement was made:
· The sTTI design is not optimized for N_PRB <= 10.

In this paper we discuss sTTI operation with small system bandwidth.

[bookmark: _Ref178064866]Discussion
In current LTE, a carrier can be defined with a system bandwidth (BW) of 1.4, 3, 5, 10, 15, and 20 MHz. Without going into the occurrence of these bandwidths, what is the reasonable system bandwidths for sTTI operation? For this we need to consider the sPDCCH overhead (OH) in DL, the DMRS OH in UL, and also the expected TBS. In Table 1 the maximum TBS is calculated assuming 1CCE of 36RE in DL and 1DMRS symbol in UL. QPSK modulation and a code rate (including 24b CRC) of 0.5 is assumed. No RS OH is assumed in DL.
Table 1. maximum TBS for short TTI considering overhead and system bandwidth
	BW (MHz)
	#PRB
	#REs in 2os sTTI
	DL OH for 1CCE (36RE)
	Max DL TBS @QPSK, CR=0.5
	UL OH for 1 DMRS
	Max UL TBS @QPSK, CR=0.5

	1.4
	6
	144
	25%
	84b
	50%
	48b

	3
	12
	288
	12.5%
	228b
	50%
	120b

	5
	25
	600
	6%
	540b
	50%
	276b

	10
	50
	1200
	3%
	1140b
	50%
	576b

	15
	75
	1800
	2%
	1740b
	50%
	876b

	20
	100
	2400
	1.5%
	2340b
	50%
	1176b


As can be seen in the table, the maximum TBS in this setup is below 100b in the 1.4MHz case. It should be noted that for simultaneous DL and UL grants, the DL OH is doubled.
1.4MHz BW can only support very small transport blocks.

Use cases
When it comes to small packets the potential use cases for sTTI operation includes TCP ACK and sensor node data. For TCP ACK the size can be approximated with 50B. For the sensor data which is interesting for the URLLC data, 3GPP is discussing payloads of 32B for the reliability requirement, and 20B (application layer size) for infrequent small packets in the 5G requirements [2]. Due to the reliability requirements traffic related to these services are likely encoded with a very robust MCS. From Table 1, it can be seen that a 1.4MHz system BW is not sufficient for these payloads, and the same applies in most cases for a 3MHz system BW.

1.4MHz and 3MHz system bandwidth are not sufficient to support the expected use cases.
Do not support sTTI operation for less than 5MHz.


Conclusion
In section 2 we made the following observations:
1. 1.4MHz BW can only support very small transport blocks.
1.4MHz and 3MHz system bandwidth are not sufficient to support the expected use cases.
Based on the discussion in section 2 we propose the following:
1.  	Do not support sTTI operation for less than 5MHz.
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