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1	Introduction
[bookmark: _Ref352176984]During last RAN4 meeting, it was discussed that the current test model design, illustrated in Figure 1 below, for NR TM2, single PRB test may not have enough reference signal (DMRS) density across frequency to ensure sufficient accuracy on estimation of frequency and timing offset in a single PRB test to ensure sufficient synchronization needed for accurate conformance testing.
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Figure 1: Design pattern across slots for single PRB test		

Companies were therefore encouraged to evaluate the performance of a number of options, which were specified in the WF at the last meeting, to ensure sufficient synchronization performance in NR-TM2 single PRB test. 
This NR-FR1-TM2/2a and NR-FR2-TM2 test models shall be used for tests on:
-	Total power dynamic range (lower OFDM symbol power limit at min power),
-	EVM of single 64QAM PRB allocation (at min power)
-	Frequency error (at min power)
Receiver synchronization should be guaranteed for any modulation order defined in the NR-FR1-TM2/2a and NR-FR2-TM2. The test model is used 64QAM because the impact of EVM and frequency error is severe on higher order modulations and therefore the need for tighter requirement. 
2	Discussion
[bookmark: _Hlk528061617]In the last RAN4 meeting [1], it was decided that four options discussed below should be investigated to select the best approach for taking care of timing and frequency synchronization during single PRB test in FR1 and FR2 TM2. Performance evaluation of each approach is done based on Link-level simulation results which are presented for each option. The Link-level simulation can evaluate BER, BLER or throughput performance at the receiver under various levels of noise, channel conditions and RF distortions. Frequency error is one type of distortion that can occurs at the receiver due to a fractional frequency difference (frequency offset) between the carrier frequencies generated at the LOs in the gNBs and UEs. For acceptable BER/BLER performance, sufficiently accurate estimates of frequency offset and timing offset need to be obtained for proper receiver synchronization. In network operations, during initial access, synchronization signal block (SSB) is employed for timing and frequency offset estimation at the UE. For test models, it is possible to obtain estimates of timing and frequency offsets in NR using DMRS symbols employing similar algorithms used by SSB signal during initial access. In [2], it was shown that DMRS based timing and frequency synchronization employing the pattern in Figure 1 for 20 PRB allocation provides almost ideal (perfect) synchronization BER performance. Figure 2 [2] below shows the BER performance of DMRS based synchronization identical to the performance obtained employing SSB based synchronization. 
[image: ]
 Figure 2: BER v. SNR for SSB based synchronization and DMRS based synchronization. Settings are 30 kHz subcarrier spacing, 20 PRBs and MCS corresponding to 64-QAM modulation and code rate 0.75. 
DMRS based frequency and timing offset estimation requires sufficiently enough number of resource elements with reference signals (at least 20 PRBs) for accurate estimation performance. For the single PRB NR TM, where the DMRS occupies 1 PRB only, the link level performance of the following four options is investigated.
Option 1: The synchronization in NR-FR1TM2 and NR-FR2-TM2 current design is sufficient for measure for all applicable tests
Employing the design in Figure 1 for single PRB test implies small number of DMRS density (6 DMRS subcarriers in one symbol) based on which frequency and timing offsets are estimated. The BER performance of a single PRB DMRS synchronization is shown below.   
 [image: Z:\workspace\code_ssb_dmrs\results\templates\QPSK_1prb_sync.jpg]
Figure 3: BER v. SNR for QPSK showing synchronization performance based on a DMRS allocation over single PRB.
  [image: ]
Figure 4: BER v. SNR for 64-QAM showing synchronization performance based on a DMRS allocation over single PRB.

It can be seen from Figures 3 and 4 that the synchronization performance based on single PRB DMRS allocation is extremely poor because of inaccurate frequency and timing offset estimation. 
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 
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Figure 5: Proposed design pattern across slots for single PRB test where first slot occupies full band	
The proposal here is to have a full band allocation in the first slot which will only be used for frequency and timing offset estimation and synchronization at the receiver but will not be included in the TM. The rest of the slots, after the first slot, will then be allocated with single PRB based on which the single PRB test measurements is done. The plots shown below illustrates the BER performance at the receiver 

 [image: ]
Figure 6: BER v. SNR for QPSK showing synchronization performance based on design pattern in option 2.
 [image: ]
Figure 7: BER v. SNR for 64-QAM, showing synchronization performance based on design pattern in option 2.
It can be seen from both Figures 6 and 7 that the performance employing the design pattern proposed in option 2 is close to the ideal performance under perfect timing and frequency synchronization. 
[bookmark: _Hlk1117391]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.
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Figure 8: Proposed design pattern across slots for single PRB test where first slot DMRS occupies full band
This option has identical performance as Option 2 where the first slot has full band PDSCH/DMRS allocation. However, since DMRS is never allocated outside the band of PDSCH, option 3 is invalid from physical layer design perspective [3] and as such this option cannot be used.

Option 4: Create more single PRB used for testing, illustrated example shown below. 
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[bookmark: _GoBack]  Figure 9: Proposed design pattern single PRB in different frequency location

Since estimation of frequency and timing offset is done independently for each slot, the synchronization performance of the design pattern in Figure 9 is identical to the BER performance presented in Figures 3 and 4 which show very poor synchronization performance. This option is therefore not a good technique for single PRB receiver synchronization.  
Option 5: Employ frequency and frame synchronization using a separate synchronization frame before transmission of the waveform for NR-FR1-TM2 or NR-FR2-TM2 measurement. 
Before the start of test measurements, initial synchronization frames are employed for frequency and frame synchronization after which TM signals with design pattern illustrated in Figure 1 are used for measurement. This option (option 5) is simple and avoids the complexity of having to modify the TM signal as in Figure 5 or 8.
[bookmark: _Hlk1118061]Proposal: Given the simplicity of the approach, Option 5 would be the best approach to ensure proper synchronization before applying the single PRB test on NR-FR1-TM2 and NR-FR2-TM2 signals. Otherwise, Options 2 would be the next best approach for in NR-FR1TM2 and NR-FR2-TM2 single PRB test, looking at the near ideal BER/BLER performance observed in Figures 6 and 7.
3	Conclusion
This contribution evaluated the performance of four possible options that were discussed in the last meeting as possible solution for frequency and timing synchronization in a single PRB test. Based on the observation of the link performance, it is shown that option 2 is provides ideal synchronization performance for NR-FR1TM2 and NR-FR2-TM2 single PRB test. However, Options 5 is discussed to be the best approach since it relies on initial synchronization based on independent synchronization frame and it does not require any modification on the TM signal design pattern shown in Figure 1. 
Proposal: Given the simplicity of the approach, Option 5 would be the best approach to ensure proper synchronization before applying the single PRB test on NR-FR1-TM2 and NR-FR2-TM2 signals. Otherwise, Options 2 would be the next best approach for in NR-FR1TM2 and NR-FR2-TM2 single PRB test, looking at the near ideal BER/BLER performance observed in Figures 6 and 7.
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