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Introduction

In the last RAN4#91 meeting, the WF was approved for further discussion on open issues and how to address the TAG misalignment issues are still FFS and not discussed yet, therefore in this contribution, we want to share some further discussion on these aspects.

Discussion 
The multiple TA was considered necessary in the inter-band aggregation scenarios with RRH and repeaters and clarified as one of the features in Rel-11. If the band selected repeater or the RRH is applied in the UL inter-band aggregation scenario, multiple TAs are necessary for UE as illuminated in Figure 1. 
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Figure 1: two scenarios of multiple TA
For NR coexist with MTC, first of all, it’s co-located scenarios and it’s most likely that NR and MTC could share the same 10MHz reference clock via PLL with VCXO and 1pps signal. In other words, NR and MTC is timing aligned similar as LTE coexist with MTC in the DL.

Before checking the the timing alignment issues between NR and MTC in the UL, we check the timing alignment between LTE and MTC in the UL. 

For LTE UE transmit timing, the maximum transmit timing error should consist of three factors, UE initial transmit timing error Te, TA adjustment error and TA quantization error, therefore compared with reference timing, the maximum UE transmitting error should be 12Ts+4Ts+8Ts equal to 24Ts in which 12Ts is UE initial transmit timing error, 4Ts is TA adjustment accuracy and 8Ts is TA quantization accuracy as the TA command is expressed in multiple of 16Ts. Based on above consideration, the maximum timing error should be 0.7813us which is much less than LTE normal CP length 4.6875us.

For MTC UE transmit timing, the maximum transmit timing error should be 48Ts+4Ts+8Ts equal to 60Ts in which 48Ts is the worst MTC UE initial transmit timing error, 4Ts is TA adjustment accuracy and 8Ts is TA quantization accuracy as the TA command is express in multiple of 16Ts. Based on above consideration, the maximum timing error should be 1.9531us which is less than LTE normal CP length 4.6875us. 

As shown in the Figure 2, the maximum arrival timing difference between LTE carrier and MTC carrier should be 2.7344us which is slightly less than the LTE normal CP length. In other words, there should be no severe coexistence problems even if the same OFDM timing for LTE signals and MTC signals was used. 
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Figure 2. arrival timing difference between LTE carrier and MTC carrier at BS

In practice, for MTC PRBs configured within the LTE carrier will be processed in the digital down conversion (DDC) via digital filtering and sampling rate matching similar as LTE PRACH and LTE PUSCH/PUCCH channel as shown in Figure 3. In other words, MTC PRBs and LTE PRB will be processed independently and OFDM symbol timing could also be independently, therefore even with timing difference between these two carriers, there should be no coexistence problems.
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Figure 3. RF architecture for LTE+MTC

Similar analysis could be done for NR coexist with MTC. 

For NR UE transmit timing, if uplink subcarrier spacing is configured with 15KHz and SSB SCS is configured with 15KHz which is specified with the worst transmit timing error for uplink SCS 60KHz, the maximum transmit timing error should be 12*64*Tc+256*Tc+8*64*Tc equal to (12+4+8)*64*Tc equal to 24*Ts which is the same as the maximum LTE UE transmitting error. Based on the above considerations, maximum arrival timing difference between NR carrier and LTE-MTC carrier should be 2.7344us which is less than the NR CP length 4.96us if SCS 15KHz is configured for NR. In other words, there should be no severe coexistence problems even if the same OFDM timing for NR signals and MTC signals was used.

For NR UE transmit timing, if uplink subcarrier spacing is configured with 60KHz and SSB SCS configured with 30KHz. which is specified with the worst transmit timing error for uplink SCS 60KHz, the maximum transmit timing error should be 10*64*Tc+128*Tc+8*64*Tc/4 equal to 14 Ts (0.4557us). Based on the above consideration, the maximum arrival timing difference between NR carrier an LTE-MTC carrier should be 2.4088us which is larger than the NR CP length 1.17us if SCS 60KHz is configured for NR. However as just mentioned previous, LTE-MTC PRBs and NR PRBs will be processed independently and OFDM symbol timing could also be independently, therefore even with timing difference between these two carriers, there should be no coexistence problems.

Table 7.1.2-1: Te Timing Error Limit [TS38.133]

	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:
Tc is the basic timing unit defined in TS 38.211 [6]


Table 7.3.2.2-1: UE Timing Advance adjustment accuracy [TS38.133]

	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc


Table 1. OFDM symbol length and CP length for different SCS 
	SCS (KHz)
	15
	30
	60
	120
	240

	Symbol duration (us)
	66.66
	33.33
	16.67
	8.33
	4.16

	CP length (us)
	4.96
	2.34
	1.17
	0.59
	0.295


Observation: there are no TAG misalignment issues between MTC and NR. 
Conclusions
In this contribution, we shared more detailed considerations on TAG misalignment issues between MTC and NR and observations are made as following:
Observation: there are no TAG misalignment issues between MTC and NR. 
Reference
R4-1907849,WF for Rel-16 LTE-MTC co-existence with NR,R4-1907849 WF for Rel-16 LTE-MTC co-existence with NR,Nokia, Ericsson, Huawei,ZTE, Approved.

R2-111953, the Multiple Time Advances in Carrier Aggregation, Huawei,Hisilicon, Noted

R4-114384,Timing advance calculation using time difference measurement, Ericsson, ST-Ericsson, Noted.


R4-113450, Discussion on timing advance calculation using time difference measurement, Huawei, Hisilicon, Noted.

_1234567890.vsd
�

�


_1234567891.vsd
�

�

eNB�

Cell 1 baseband process


Cell 2 baseband process


Cell 2 RF


RRH for cell 1



