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Introduction

In the last RAN4#89 meeting, in this contribution, the sync issue for both LTE TM2 and NR TM2 was raised and one WF listing candidate resolutions was also approved for further study. In this contribution, we want to share some further considerations on these aspects.  
Discussion 
As shown in Figure 1 and Figure 2, the conducted testing environment setup and OTA testing environment setup has already included that 10MHz sync and frame sync where 10MHz sync is to provide the reference clock from BBU to spectrum instrument and frame sync is to provide the basic frame sync to indicate the starting point of each subframe for spectrum instrument. In fact, the following setup has already been used for LTE RF testing, spectrum instrument could only use the CRS to freq/timing sync and PDSCH decoding, we think it should be the same story for NR to use the DMRS to freq/timing sync and PDSCH decoding via frame sync. 
Observation 1: in both conducted and OTA testing environment setup, 10MHz sync and frame sync could provide the basic sync information between the BBU and spectrum instrument. 
[image: image1.png]Spectrum instrument

500HM terminator

Al
|
000
attenuator
TxiRx
frame sync
10MHz sync
Hub
00R0e00

BBU





Figure 1. Conducted testing environment setup
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Figure 2. OTA testing environment setup
Option 1: The synchronization in NR-FR1TM2 and NR-FR2-TM2 current design is sufficient for measure for all applicable tests.
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Figure 3. NR TM2 DMRS layout (option 1)
Regarding the testing SNR of Tx side in the above test setup, it should be at least 29.1186dB (SNR=-20*log10(EVM)=29.1186dB), however considering the Rx EVM impacts, then simulation SNR in this contribution is set as 20dB which is much lower than 29.1186dB which give the big margins for spectrum instrument implementation. 

According the simulation assumption in Annex and option 1 NR TM2 DMRS layout, the initial simulation results are shown in the following to verify whether freq/timing via single PRB measurement is enough for freq error and EVM measurement. As shown in Figure 3a, the residual freq error is within 20Hz and residual timing error is within 0.6Ts. 

Observation 2: for option 1, residual freq error are within 20Hz and residual timing error is within 0.6Ts assuming SNR as 20dB. 
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Figure 3a. Residual freq error for NR TM2 single PRB measurement
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Figure 3b. Residual timing error for NR TM2 single PRB measurement
Option 2: Create a synchronization slot(s) with full bandwidth DM-RS which will not be used for measurement but only for synchronization purposes, an example illustration shown below 
According the simulation assumption in Annex and option 2 NR TM2 DMRS layout, the initial simulation results are shown in the following to verify whether freq/timing via single PRB measurement is enough for freq error and EVM measurement. As shown in Figure 4a/4b, the residual freq error are within 2Hz and residual timing error is within 0.02Ts. 

Observation 3: for option 2, residual freq error are within 2Hz and residual timing error is within 0.02Ts assuming SNR as 20dB. 
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Figure 4. NR TM2 DMRS layout (option 2)
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Figure 4a. Residual freq error for NR TM2 full bandwidth measurement
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Figure 4b. Residual timing error for NR TM2 full bandwidth measurement
Option 3: Create similar full bandwidth allocation of DMRS and PDCCH as in other full bandwidth TMs. Null any REs which are not part of NR-FR1-TM2 and NR-FR2-TM2 allocation.

Regarding the option 3, from the freq/timing estimation perspective, this case is the same as option 2 where the full bandwidth DMRS are used for freq/timing estimation and compensation. However from the RF perspective, as there will be transmission ON/OFF transition around DMRS symbols as PA operating point will change which means the EVM performance on DMRS is very worse, therefore compared with option 2 from RF perspective, option 2 is better than option 3.  
Observation 4: for option 3, residual freq error should be the same as that of option 2 assuming SNR as 20dB from baseband perspective, however from RF perspective, option 2 is better than option 3. 
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Figure 5. NR TM2 DMRS layout (option 3)
Option 4: Create more single PRB used for testing, illustrated example shown below. 

Regarding the option 4, to create more single PRBs in the consecutive OFDMs as shown in Figure 5, from the implementation perspective, to average freq/timing estimation results in each OFDM symbol is the same as to increase available DMRS in single OFDM symbol. As shown in Figure 6a/b/c/d, if we create more single PRB used for testing (e.g. 5 PRB in the consecutive OFDMs or 10 PRBs in the consecutive OFDMs), the residual freq and timing error could be reduced in certain extent. 

Observation 5: to create more single PRB used for sync, residual freq and timing error could be improved. 
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Figure 6. NR TM2 DMRS layout (option 4)
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Figure 6a. Residual freq error for NR TM2 5 PRB measurement
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Figure 6b. Residual timing error for NR TM2 5 PRB measurement
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Figure 6c. Residual freq error for NR TM2 10 PRB measurement
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Figure 6d. Residual timing error for NR TM2 10 PRB measurement
Conclusions
In this contribution, we share some further considerations on NR TM2 sync issues and observations and proposals are made as following:
Observation 1 : in both conducted and OTA testing environment setup, 10MHz sync and frame sync could provide the basic sync information between the BBU and spectrum instrument. 

Observation 2: for option 1, residual freq error are within 20Hz and residual timing error is within 0.6Ts assuming SNR as 20dB. 
Observation 3: for option 2, residual freq error are within 2Hz and residual timing error is within 0.02Ts assuming SNR as 20dB. 
Observation 4: for option 3, residual freq error should be the same as that of option 2 assuming SNR as 20dB from baseband perspective, however from RF perspective, option 2 is better than option 3. 
Observation 5: to create more single PRB used for sync, residual freq and timing error could be improved. 
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Annex

Table 5.1. Simulation assumption
	Parameters
	Value

	Operating freq 
	3.5GHz

	Bandwidth 
	20MHz

	SCS
	15KHz

	BS freq error
	0.05ppm

	Spectrum instrument freq error
	0.1ppm

	Timing offset 
	1/2 CP

	TX antenna 
	1

	RX antenna 
	1

	MCS configuration 
	4

	DL PA model
	Enabled
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