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1. Introduction
During the last RAN4 meeting, RAN4#88bis, contributions from companies raising the issues relating to designing SSB into the NR TM design was discussed.  The main motivation for motivation for discussion regarding the SS block stemmed from the fundamental need for synchronization to be ensured between DUT (gNB) and the test equipment.  The requirement most in need for accurate synchronization is the transmit signal quality requirements.  With this in mind, discussions with BS vendors and test equipment vendors during RAN4#88bis initially concluded that detailed SSB were not needed for this purpose [1] with the caveat that additional symbols containing DM-RS and/or PT-RS may be needed.
This contribution will examine a more detailed analysis of synchronization in NR TM design.

2. Discussion
Several contributions [2,3] were presented in RAN4#88bis to indicate the complexity on which comes with the SSB design and how that would impact the NR TM design.  Over the course of the conformance work for NR, the test model has been designed with a simplicity in mind to ensure a complete test coverage needed for all CBW and SCS that NR introduces.  At the same time, allowing for a more future proof design that would still be relevant for new CBW or SCS if that is added in the future.  
2.1 Synchronization Basics and Techniques
During initial access, the initial or coarse time and frequency synchronization are obtained by means of periodically transmitted synchronization signal (SS) block, where primary/secondary synchronization signals (P/S-SS) and physical broadcast channel (PBCH) are multiplexed in time. PSS and SSS are utilized to get initial coarse estimate of frequency and time offsets including cell ID and basic minimum system information by means of detecting PBCH. Specifically, from the NR-PSS detection one can obtain the coarse frequency synchronization, which is further refined by means of NR-SSS.  The two symbols are designed such that the maximum frequency error range that can be corrected is determined by the distance between these two symbols as .  That is to say, the larger the distance, in symbols or time, the RS is used for synchronization the larger residual frequency offset can be corrected for.  The residual frequency error is further derived from the relative phase rotation between the two symbols in time which are used for synchronization.  Practical synchronization algorithms can correct up to 95% of the residual frequency errors.
2.2 Synchronization Analysis Using DMRS
Alternative to SS block, under the knowledge of cell ID information at both gNB and TE, the receiver can process the DMRS symbols and obtain coarse time and frequency synchronization.  
[bookmark: _GoBack]In the following study, two MCS cases were used to study the impact using available RS only for synchronization, in other words in lieu of any SSB presence.  The simulations assumed the same frequency and time offsets introduced in both cases of SSB-based and DMRS-based synchronizations, and then to apply the corresponding techniques for synchronization between transmit (gNB) and receive (TE) nodes.  For the scenario of all RF conformance testing, the OTA and conducted scenarios are considering an AWGN channel, so this is what was used in the analysis.
The simulations also considered all assumptions in the current NR TM agreements with respect to DM-RS density, i.e., two-symbol DMRS.
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Figure 1: 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. 
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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 QPSK modulation and code rate 0.5.
With the increase of DMRS from 2 symbol density to a 3 symbol density the  described in Section 2.1 would decrease and therefore reduce the maximum frequency error range which can be estimated.  Initial analysis also shows that there is no benefit to bring additional DMRS (1 + 1 + 1 configuration) although it was not included in this contribution.  

Some additional parameters such as cell ID () will need to be a static variable chosen and specified for the TM, since the SSB during initial access provides this value towards the UE to facilitate in demodulation of the received signal. 

3.	Conclusion
In conclusion, the current DMRS density considered for the NR TM design is sufficient for synchronization requirements needed for RF BS conformance testing.  
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