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In the current work item on further enhanced MTC (feMTC) it has been raised that the UE transmit timing accuracy potentially should be relaxed for feMTC devices operating in CE mode B. One suggestion that has been brought forward in the discussions is to align it with the accuracy for NB-IoT as both the features are supporting the same coverage enhancement with respect to the SINR experienced by the UE.
In this contribution we provide our view on the UE transmit timing accuracy for feMTC devices operating in CE mode B.
UE Transmit Timing Accuracy
The feMTC cell has the same synchronization signals and reference signals as in legacy LTE cells, and is using a downlink system bandwidth of 24 PRBs. Just as for legacy LTE, MTC, eMTC and NB-IoT, only four out of 10 subframes are guaranteed to be available for communication in the cell. Hence for feMTC over a period of two radio frames (20ms) there are 8 subframes, each with 24∙8 CRS from the same port, and 4 subframes each with 62 secondary synchronization signal (SSS) REs.
For NB-IoT the downlink system bandwidth is 1 PRB, with subframe layout as illustrated in Figure 1 and Figure 2. Particularly, over two radio frames there are 5 subframes, each with 8 NRS, and one subframe with 96 NSSS REs for the in-band scenario. In guard-band and stand-alone deployment scenarios there is no puncturing of the NSSS and consequently there are more NSSS REs for those scenarios.




[bookmark: _Ref463016231]Figure 1: NB-IoT subframe layout for subframe carrying NRS (left) and synchronization signals (right). In-band scenario.



[bookmark: _Ref463016233]Figure 2: NB-IoT minimum number of subframes carrying NRS and repetitions of NPSS and NSSS.

Time tracking algorithms are conventionally based on reference signals and/or synchronization signals – preferably the SSS since it is unique to every cell on the carrier within a wide geographical area. It is therefore of interest to compare the number of CRS with NRS REs, and SSS with NSSS REs over the same timeframe. Key figures are provided in Table 1.

[bookmark: _Ref463017173]Table 1: Comparison between feMTC and NB-IoT with respect to RS and SSS REs
	Parameter
	feMTC
	NB-IoT
	Comment

	Bandwidth, PRBs
	24
	1
	

	Single port RS REs per subframe
	192
	8
	

	Minimum number of subframes with RS per radio frame
	4
	4
	

	SSS REs per subframe
	64
	96
	

	SSS instances per pair of radio frames
	4
	1
	

	CE mode A [dB]
	-6
	-6
	

	CE mode B [dB]
	-15
	-15
	

	RS REs per pair of radio frames
	1536
	40
	Per 20ms

	SSS REs per pair of radio frames
	248
	96
	Per 20ms. In-band scenario for NB-IoT.

	Existing initial Tx accuracy requirement Te
	24 Ts
	80 Ts
	As defined in [1].



Based on the numbers in Table 1 we make the following observations:
Observation 1:
· Over 20ms, there are 38 times more CRS than NRS, i.e. 1536 versus 40.
· Over 20ms, there are 2.5 times more SSS REs than NSSS REs, 248 versus 96.
Observation 2:
· Assuming an SSS or NSSS based time tracking, scaling down the NB-IoT requirement by 2.5 would suggest a requirement of 32 Ts for feMTC.
· Assuming an CRS and NRS based time tracking, scaling down the NB-IoT requirement by 38 would suggest a requirement of 2 Ts for feMTC.
Hence, from Observation 2 one may find support for increasing the tolerance for feMTC from 24 to 32 Ts, when considering SSS-based time tracking for feMTC. On the other hand, when assuming CRS-based time tracking, the corresponding feMTC UE transmit time accuracy requirements would instead be tightened if using NB-IoT requirements as basis.
One difference between SSS-based and CRS-based synchronization is that the former can be used for both time-domain and frequency-domain synchronization, whereas the latter is suitable only for frequency-domain synchronization. Time-domain synchronization (essentially matched filtering) may be more useful than frequency domain synchronization when there has been significant drift (e.g. after a long DRX cycle) since time-domain synchronization does not have the limitation in capture range that a frequency-domain time tracker has. Hence we find it justified to relax the requirements for feMTC operating in CE mode B from 24 to 32 Ts.
Proposal 1: The requirement on UE transmit timing accuracy for feMTC devices operating in CE mode B shall be changed from 24Ts to 32Ts. 

Summary
In this contribution we have analyzed the UE initial transmit timing accuracy requirement for feMTC operating in CE mode B with starting point in the corresponding requirement for NB-IoT.
The following observations were made:
Observation 1:
· Over 20ms, there are 38 times more CRS than NRS, i.e. 1536 versus 40.
· Over 20ms, there are 2.5 times more SSS REs than NSSS REs, 248 versus 96.
Observation 2:
· Assuming an SSS or NSSS based time tracking, scaling down the NB-IoT requirement by 2.5 would suggest a requirement of 32 Ts for feMTC.
· Assuming an CRS and NRS based time tracking, scaling down the NB-IoT requirement by 38 would suggest a requirement of 2 Ts for feMTC.
From Observation 2 we arrive at a proposal on relaxing the UE initial transmit timing accuracy requirement for feMTC devices operating in CE mode B.
Proposal 1: The requirement on UE transmit timing accuracy for feMTC devices operating in CE mode B shall be changed from 24Ts to 32Ts. 
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