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Introduction
In previous RAN-1 meetings, it was agreed that four evaluation cases can be used in link level simulation depending on evaluation purposes of each usage scenario for waveform selection, which are
· Case 1a, 1b: single numerology case
· 1a: Downlink 
· 1b: Uplink, only one UE with narrow bandwidth is located at the edge of wide frequency band. It is assumed that no wide-band filter upon the whole frequency band. 
· Case 2: DL mixed numerology case 
· Case 3: UL single numerology case (asynchronous reception between UEs)
· Case 4: UL mixed numerology case (synchronous reception between UEs). 
In addition, it was agreed that non-ideal effects are to be considered in a second stage (e.g., channel estimation, frequency offset, details are FFS), as seen in the notes [1]. 
In RAN-1 85, potential in-band interference caused by uplink timing mismatch was discussed [2-5]. A simulation case was proposed to evaluate waveforms in transmission with relaxed synchronization that could be a typical scenario in mMTC UL [4, 5]. In the offline discussion of RAN-1 85, we have made consensus with NTT DoCoMo and presented at the meeting that this case can be considered as case 1b with non-ideal effect, wherein the non-ideal effect is uplink timing mismatch due to relaxed synchronization.  
In this contribution, we put forward our observations and proposals on link-level simulation cases for evaluating waveforms in mMTC UL with relaxed synchronization for discussion.

Potential in-band interference in uplink timing mismatch
Uplink timing




In LTE systems, uplink synchronization and timing is controlled by eNB sending timing advance commands to UEs. Transmission of the uplink radio frame number  from the UE shall start  seconds before the start of the corresponding downlink radio frame at the UE as Figure 1 shows, where  is the time unit with 	 seconds [6]. For a timing advance (TA) command received on subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of subframe n+6 [7].  


[bookmark: _Ref457305330][bookmark: _Ref457305323]Figure 1 Uplink-downlink timing relation at the UE



In LTE PUSCH reception, since using multiple receive windows with different shifts for one symbol period are costly in processing overhead, usually only one receive window of the FFT size is used, which is supposed to start at the half of the CP of the uplink symbol and can be shifted based on the detection of the preamble in RACH or RS (e.g. UL DMRS/SRS) in the last UL RS transmission. At the eNB, the reception of the uplink symbol  shall start  seconds after the start of the corresponding downlink symbol including the corresponding CP as Figure 2 shows. 




[bookmark: _Ref457317115][bookmark: _Ref457316240]Figure 2 Uplink-downlink timing relation at the eNB

From Figure 2, we see that the time offset between the receive window and the UL symbol  is


[bookmark: ZEqnNum224183],		 	







which means the UL symbol  starts  seconds before the receive window, wherein  is the round trip time determined by the current distance between the eNB and the UE,  is the receive offset value , and  is the current TA value used by the UE.  reflects the UL reception timing while  reflects the UL transmission timing. The initial reception timing is estimated based on the one-shot detection of preamble in RACH and further timing could be refined by subsequent UL RS transmissions (e.g. UL DMRS/SRS). 





In a LTE system, if an ideal TA is applied,  and . Otherwise,  can be adjusted  based on the detection of the preamble in RACH or RS (e.g. UL DMRS/SRS) in the last UL RS transmission so that when an ideal  is used, we have  .
Potential intra-user interference




When the UE is in motion, both  and  would be outdated due to UE mobility, which may cause intra-user interference in FDMA as  Figure 3 shows. In Figure 3, for UE 0, the receive window is in the right position, but for UE 1,  causes the intra-user interference from the previous symbol of UE 1, and for UE 2,   causes the intra-user interference from the next symbol of UE 2. When there is only one UE in uplink transmission, the intra-user interference may also exist. 

[bookmark: _Ref456974181][bookmark: _Ref456974172]Figure 3 Intra-user interference in FDMA



Assume that two UE are doing uplink transmission in FDMA, uplink reception is perfectly aligned between UEs when the last TA command to UE 1 is firstly applied and then UE 0 is stationary, UE 1 moves at the speed  in the direction with the angle . Figure 4 is the illustration of  UE moving with the angle  


[bookmark: _Ref457965326]Figure 4 Relative moving direction



Denote the TA application interval in sample by  . We have that for UE 1’s last symbol before applying the next TA command, the distance change from the eNB to UE 1 is   with .  
When the receive window always aligns with UE 0 with the start at the half of UE 0’s CP, for UE 1’s last symbol before applying the next TA command, the receive time offset is 


[bookmark: ZEqnNum777633]	. 	

From Eq. , we see that when , there would be intra-user interference. 




In the worst case,  or , UE 1’s speed is  and hence . For avoiding any intra-user interference on UE1’s uplink transmission caused by uplink timing mismatch, the following condition needs to be satisfied, 


[bookmark: ZEqnNum447201]	.  	



For instance, if  and  as assumed in [5] with , we have the condition that 


	 	
, that is, for avoiding any intra-user interference, CP needs to be not shorter than 103 samples.  
Potential user collision






When multiple UEs are in uplink TDMA, even though the corresponding receive windows are in the right positions, there would be user collision due to transmission timing mismatch caused by outdated , as Figure 5 shows. Figure 5 shows that time offsets cause mutual inter-user interference on UE 0 and UE 1. We see that 	 samples of the UE 0’s uplink symbol in the tail of the receive window is interfered by UE 1 while  samples of the UE 1’s uplink symbol in the head of the receive window is interfered by UE 0. Note that the actual symbol starts  seconds later than the supposed and thus in Figure 5   and . 


[bookmark: _Ref456977946]Figure 5 User collision in TDMA



Assume UE , UE  and UE  are transmitted in TDMA consecutively. Let 


	 	
 and 


	. 	







Then, for UE , if ,  samples in the head of the receive window are interfered by UE ;  if ,  samples in the tail of the receive window are interfered by UE . 








We assume that two UEs are doing uplink transmission consecutively in TDMA as Figure 5 shows, uplink transmission timing and reception timing are perfect when the last TA commands to UE 0 and UE 1 are firstly applied, and then UE 0 moves at the speed  in the direction with angle   while UE 1 moves at the speed  in the direction with angle . Angles  and  are illustrated by Figure 4. Assume that  is ideal so that we always have . For the last symbols before applying the next TA command, the numbers of interfered samples are 



，	 	






wherein  ,  and, with  and ,. 





In the worst case, , , ,  and  . For avoiding any user collision caused by uplink timing mismatch, the following condition needs to be satisfied,


[bookmark: ZEqnNum592796]	 	
 which is stricter than that for avoiding intra-user interference. 



 For instance, if  and  as assumed in [5] with , we have the condition that 

	,	
that is,  for avoiding inter-user interference in UL TDMA, CP needs to be not shorter than 206 samples.  
		
Observation 1 Uplink timing mismatch could cause intra-user interference and/or user collision. 
Observation 2 In order to avoid intra-user interference caused by uplink timing mismatch, the length of CP in CP-OFDM needs to satisfy the condition given in Eq.  . 
Observation 3 In order to avoid user collision caused by uplink timing mismatch, the length of CP in CP-OFDM needs to satisfy the condition given in Eq. . 

Link-level simulation cases 
With the waveform CP-OFDM, the possibility of the occurrence of uplink timing mismatch can be reduced by extending the length of CP and shortening TA command transmission period and application interval. However, CP costs spectral efficiency, TA command transmission costs signaling overhead, and both of them affect UE battery and TRP workload. 
In mMTC, uplink timing mismatch can be caused by motion, low-cost oscillators, inaccurate estimation on ToA, and sporadic transmission without RACH. UE’s battery life is a critical issue to be considered and hence TA command transmission in 5G mMTC could be much less frequent than LTE systems and the possibility of the occurrence of uplink timing mismatch could be increased, which we term it as relaxed synchronization. Another case of relaxed synchronization is that of one-to-many TA as mentioned in [2]. Different waveforms with different parameters may have different tolerance to relaxed synchronization.
In current discussion on waveform, four link-level evaluation cases have been proposed. Among them, case 1b is the case that one UE with narrow band is in uplink transmission. Case 1b with uplink timing mismatch can be used to evaluate each waveform’s tolerance to intra-user interference caused by uplink timing mismatch in relaxed synchronization.
Proposal 1 Case 1b with uplink timing mismatch can be used to evaluate each waveform’s tolerance to the intra-user interference caused by uplink timing mismatch with relaxed synchronization.
Regarding TDMA UL transmission with relaxed synchronization, a new simulation case as Figure 6 shows can be used to evaluate each waveform’s tolerance to user collision caused by uplink timing mismatch in relaxed synchronization.  


[bookmark: _Ref457568210]Figure 6 TDMA uplink transmission with timing mismatch
Proposal 2 A simulation case of TDMA uplink transmission with timing mismatch can be used to evaluate each waveform’s tolerance to the user collision caused by uplink timing mismatch with relaxed synchronization.
The spectral efficiency could be used as an equivalent metric to battery life. Taking CP-OFDM as an example, longer CP can help to reduce the interference but it costs transmission efficiency, which means the MTC UE needs to work longer for transmitting the same amount of information. 




Assume that in Eq.  the reception timing reflected by   is perfect and the transmission timing reflected by  can be outdated due to UE mobility. Given the UE speed  and the TA transmission period ,  for a specific waveform, the worst time offsets with FDMA and TDMA can be figured out, which can be used for evaluating waveform’s tolerance to uplink timing mismatch with respect to spectral efficiency. 


Proposal 3 Given the UE speed  and the TA transmission period , the worst time offsets with FDMA and TDMA can be figured out to evaluate waveform’s tolerance to uplink timing mismatch with respect to spectral efficiency. 

Conclusions
In this contribution, we put forward the following observation and proposals on performance evaluation for consideration in waveform selection for the mMTC scenario
Observation 1 Uplink timing mismatch can cause intra-user interfernce and/or user collision.
Observation 2 To avoid intra-user interference caused by uplink timing mismatch, the length of CP in CP-OFDM needs to satisfy the condition given in Eq.  . 
Observation 3 To avoid user collision caused by uplink timing mismatch, the length of CP in CP-OFDM needs to satisfy the condition given in Eq. . 
Proposal 1 Case 1b with uplink timing mismatch can be used to evaluate each waveform’s tolerance to the intra-user interference caused by uplink timing mismatch with relaxed synchronization.
Proposal 2 A simulation case of TDMA uplink transmission with timing mismatch can be used to evaluate each waveform’s tolerance to the user collision caused by uplink timing mismatch with relaxed synchronization.


Proposal 3 Given the UE speed  and the TA transmission period , the worst time offsets with FDMA and TDMA can be figured out to evaluate waveform’s tolerance to uplink timing mismatch with respect to spectral efficiency. 
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