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1	Introduction
During RAN4 #88, discussions regarding specifics for NR test model design continue, however some open issues are still needing further discussion.  According to chairman’s notes, FFS on if SSB is needed for test model.  The background for this was brought up in RAN4 AH that SSB may be needed to provide synchronization functionality required for EVM measurement.
In this contribution, further discussion on how to achieve synchronization will be presented.
[bookmark: _Ref352176984]2	Discussion
The main goal is to determine if SSB or PBCH is needed as part of test model (TM) design to ensure synchronization between gNB and test equipment (TE) at the time of measurement.  Requirements such as transmit signal quality would be sensitive to have a false failing of the requirement if not proper care is not taken.
2.1 Synchronisation using Synchronisation Signal (SS) and PBCH (SS Block)
The initial TM design did not consider PBCH as a need for the parameterized design for the TMs.  One method to provide synchronization between gNB and TE is by use of SSB and PBCH.  The two aspects such as NR-PSS and NR-SSS would therefore need to be considered in more detail, and RAN4 need to conclude the granularity of synchronization that is needed for RF conformance test requirements.  In other words, the PBCH (and it’s DMRS specifics) are required to be able to search for SS block to have fine alignment and synchronization between test equipment and gNB.
Considerations for SSB Burst Set
In NR, one SS block is composed of 4 OFDM symbols in the time domain and multiple such SS blocks can be constructed as one SS burst set, indicated by SS burst length L In a given SS burst set, the minimum number of SS blocks is 1 while the maximum number of SS blocks varies according to the frequency range. Specifically, the maximum SS burst length, based on the current RAN1 agreement, is defined as follows: 
· For frequency range up to 3 GHz, L is 4 
· For frequency range from 3 GHz to 6 GHz, L is 8 
· For frequency range from 6 GHz to 52.6 GHz, L is 64 

As the SS burst set periodicity of 20 ms is defined as the default configuration, the TM may consider only this configuration for simplicity. 
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Figure 1: SS block Structure (top) and SS burst set mapping to slots (bottom)
[bookmark: _Hlk497144372]As figure 1 illustrates above, for 15 kHz SCS and 30 kHz SCS (pattern 2) the SSB can be found in the same location (i.e., same time symbol indices of a given slot) and as such this configuration should be used for TM design.  For illustration purposes, figure 1 shows the instances which has SS/PBCH starting indexes of {2,8} + 14*n where n = 0,1 with maximum SS burst length of 4 for 15 kHz SCS.  This is suggested to be repeated every 20 ms interval.  This example is applicable for frequency less than 3 GHz.  If for frequencies between 3 to 6 GHz, n = 0,1,2,3; which has not been shown in figure 1.
Furthermore, the aspects to have a single beam configured during the duration of the SS burst set or whether to have a separate beam allocated to each SSB in SS Burst set is FFS.
As an initial step, the following SS block design parameters are needed to be specified at a minimum for TM design considerations:
· SS burst length: [<=3 GHz, L is 4, 3 - 6 GHz, L is 8, 6 - 52.6 GHz L is 64]
· SS burst set periodicity: [20 ms] 
· SS burst set mapping
· # of SS burst sets 
· SS Beam sweeping aspects

2.2 Synchronisation using External Clock
Another method of synchronization is to provide an external method by means of a cable for OTA testing to connect the gNB and TE to provide synchronization outside of the test procedure first before preforming any performance tests.  This means, would mean that the current TM design is sufficient and not additional changes would need to be made.
2.3 Synchronisation using PDSCH DMRS 
PSS/SSS is primarily used for symbol and slot timing acquisition by a UE and to convey cell ID information to the UE. In testing of gNB, the testing equipment does not require cell ID information since it is known a priori during setup thereby rendering PSS/SSS unnecessary for acquiring cell information.  
One possible option is to adopt the DM-RS sequence to give synchronization needed for RF conformance testing without SSB.  Although DM-RS is not designed for this purpose, it can be shown here that it can be combined with known techniques for synchronization to give rise to a possible simple solution.
In the industry there are well known techniques that can be applied to provide synchronization between a transmitter and a receiver when pilots are used.  The problem with synchronization can be solved using these known techniques of synchronization with the use of DMRS.  
The DL slots can be filled with data described in TS38.211 and TS38.141 PDCCH and PDSCH with test data. The PDSCH is to be used to measure transmitter performances such as EVM. For that purpose, the test receiver needs to achieve synchronization with the transmitter and to demodulate the PDSCH.  
Then the DM-RS dense pattern locations with available sequences design in the physical layer as:
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where  is the OFDM symbol number within the slot,  is the slot number within a frame, and and and can be configured.  These settings can be configured and set without higher layer RRC messages to the UE as designed in this situation for test purposes.
With this configuration, DMRS sequences in the two OFDM symbols in each slot are different. In addition, the DMRS sequence also varies from slot to slot.  The benefit is that the radio frame timing can also be achieved, i.e. slot number within each frame can be identified. The drawback is that multiple DMRS sequences are needed and it takes longer time to achieve synchronization. Additionally, further study would be needed to determine if the density of the DMRS pattern currently chosen would be enough, as unlike the SSB the DMRS is not always present.  For the frequency domain, the current DMRS may be enough, however in the time domain the DMRS is only present in symbols 3 and 11.  
3	Conclusion
In this contribution, three methods of synchronization have been discussed. These options are:
1) Synchronisation using Synchronisation Signal (SS) and PBCH (SS Block)
2) Synchronisation using External Clock
3) Synchronisation using PDSCH DMRS
The three options have their unique advantages and disadvantages to their solution, this would require further study in order to be able to make the best selection needed for TM.
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