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NB-IoT UL Timing Error for NPUSCH received at eNB consists of mainly three parts: a) UE UL Tx timing errors due to DL timing synchronization; b) eNB timing advance estimation errors; and c) RF signal propagation time delay spread due to various channel conditions. In this paper, we will discuss the NB-IoT UL Timing Error for NPUSCH received at eNB due to these factors.

Discussion
UL Timing Error of PUSCH for LTE UEs
For legacy LTE, the requirement for UE UL Tx timing error is defined in TS 36.133 [1], where it is defined that the UE initial transmission timing error shall be less than or equal to Te. In addition, the UE is required to adjust its timing to within Te when the transmission timing error between the UE and the reference timing exceeds ±Te, where the timing error limit value Te is specified in Table 7.1.2-1 in TS 36.133:

Table 7.1.2-1: Te Timing Error Limit (TS 36.133)
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS 

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211






The reference point for the UE initial transmit timing control requirement is the downlink timing of the reference cell minus , where  is fixed timing advance offset defined in TS 36.211 [2], and NTA_Ref the timing adjustment based on received timing advance from the eNB.

Since the UE UL Tx timing reference point is the UE measured downlink timing of the reference cell minus the adjustment based on eNB timing advance, the NB-IoT UL timing Error for PUSCH received at eNB will be impacted by both the UE UL Tx timing errors (at the time of UL transmission) plus the estimation errors in timing advances (received previously).

As defined in TS 36.104 [3], it is required to limit UL timing estimation error within 1.04us for AWGN. For ETU70, a timing estimation error is limited within 2.08us. Therefore, for legacy UEs, the total UL Timing Error for received PUSCH at eNB side without considering the channel delays will then be within 2.08us24*TS = 2.88us. Consider the cyclic prefix length of first UL symbol in normal cyclic prefix is 160Ts ~ 4.8us, and assume the TA sent from BS is attempt to adjust the PUSCH received at eNB at the centre of the CP, the UL Timing Error for received PUSCH at eNB is in general within the cyclic prefix window.

Observation 1: PUSCH time of the arrival at eNB side for LTE UEs is in general able to be controlled within CP window considering the impact of both the UE UL Tx timing error and BS timing estimation error for LTE UEs.

UL Timing Error of NPUSCH for NB-IoT UEs
For NB-IoT, UE UL Tx timing errors due to its errors in DL timing synchronization are also defined in TS 36.133 [1]. The UE initial transmission timing error shall be less than or equal to Te. Also, the UE is required to adjust its timing to within Te when the transmission timing error between the UE and the reference timing exceeds ±Te, where the timing error limit value Te is specified in Table 7.20.2-1 in TS 36.133:

Table 7.20.2-1: Te Timing Error Limit (TS 36.133)
	Downlink Bandwidth (MHz)
	Te

	0.18
	[80*TS]

	Note:   TS is the basic timing unit defined in TS 36.211



In comparison with legacy UEs, the Te is relaxed from 24Ts to 80Ts. Since 80TS is CP/2, it implies that the TA has to be estimated error-free and no channel path delay spread in order for the NPUSCH to reach at eNB within cyclic prefix window.

Observation 2: With the current UE UL Tx timing errors of 80Ts, it required the TA to be estimated error-free and also no channel path delay spread in order for the NPUSCH to reach at eNB within cyclic prefix window.

Although BS timing estimation error for NPRACH is not defined yet, initial simulation results show that the timing estimation error for NPRACH will be worse than the timing estimation error for PRACH. It will be challenging to limit the time estimation error within 2.5us [5].

Observation 3: For NPRACH, the timing estimation error will be worse than that for PRACH. It will be challenging to limit the time estimation error within 2.5us.
Delay Spread of RF Channels
Another factor that may impact on the timing of NPUSCH received at eNB is the RF propagation time delay spread. Currently, ETU model is used for NPUSCH performance simulation. As shown in the following tables, the Delay spread of about 1us (r.m.s.).
 
Table B.2-3 Extended Typical Urban model (ETU) (TS 36.104)
	Excess tap delay [ns]
	Relative power [dB]

	0
	-1.0

	50
	-1.0

	120
	-1.0

	200
	0.0

	230
	0.0

	500
	0.0

	1600
	-3.0

	2300
	-5.0

	5000
	-7.0





Table B.2.1-1 Delay profiles for E-UTRA channel models (TS 36.101)
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)

	Extended Pedestrian A (EPA)
	7
	45 ns
	410 ns

	Extended Vehicular A model (EVA)
	9
	357 ns
	2510 ns

	Extended Typical Urban model (ETU)
	9
	991 ns
	5000 ns



Observation 4: Delay spread of ETU model can be as large as about 1us (R.M.S).

From above observations, it is not hard to come to the following conclusion:

· With UL Tx timing errors of 80Ts for NB-IoT UEs, TA time estimation error plus the RF signal propagation time delays, the NPRACH time of the arrival at eNB side may not be limited within the CP window.

Summary
Based on above discussion, we came with the conclusion that
· With UL Tx timing errors of 80Ts=CP/2, plus the TA time estimation error of 2.5us or more, plus the RF signal propagation time delays due to the UE to the cell distance and other channel impact, the NPUSCH time of the arrival at eNB side will not be contained within the CP window.
Therefore, we suggest further investigation is needed to address above problem, including but not limited to:
Proposal 1: Investigate the reduction of UL Tx timing errors to be smaller than 80Ts
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