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1. Introduction

During the last RAN4 meeting in Busan, a WF on test models (TM) was agreed [1].  Within this WF it was agreed that companies are encouraged to further study which aspects of the NR PHY design and channels parameters are needed for TM design.  
Compared to LTE, NR will contain transmission bandwidth configurations up to 100 MHz for FR1 and up to 400 MHz for FR2.  Combined with 4 new subcarrier spacings this could lead to many tables of specific parameters if all aspects of the PHY design were to be included.  Some PHY layer parameters may also differ between FR1 and FR2 for example in addition to configurations of the channels would be dependent on bandwidth.

The intension of this contribution is to bring a PHY layer proposal for a TM that can be agnostic to the few factors described above.
2. Discussion

In LTE a single subcarrier spacing and siz bandwidths were defined, a complete table with all physical channel parameters was able to be defined.  In NR, the added flexibility of the physical layer design with many more subcarrier spacings and bandwidth combinations this approach may no longer be optimum.  
The two main channels that would impact the overall amplitude statistics of the waveform would be control channel and the shared data channel, PDCCH and PDSCH.  The objective is to design a test model with similar amplitude statstics as to E-UTRA, which would imply a Rayleigh distribution.  For this aspect, consideration of the TM design would remove channels or reference signals that are not so frequent in time as this would have very little impact to the overall capability of the gNB to handle peak to average power ratio and possible peak reduction schemes needed to maintain high power efficiency whilst meeting all RF requirements.  
Proposal 1: Only consider PDCCH and PDSCH needed for TM design
First discussion is to look at the configurability of PDCCH.  The PDCCH design has been configured by Control Channel Elements (CCEs) can be defined by 1, 2, 4, 8 or 16 CCEs with each CCE consists of 6 REGs.  As illustrated as example, Figure 1, shows the PDCCH with 1 CCE configuration in the first OFDM symbol.  Within this the PDCCH (white) and PDCCH-DMRS (red) needs to be specified.  
Proposal 2: PDCCH should contain the smallest unit of 1 CCE, remaining REs in the first two symbols should contain PDSCH.
The smallest unit is 1 CCE, meaning that for this configuration it may be applied for all bandwidths available.  
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Figure 1 Proposed structure for NR test models

As the illustration shows the remaining subcarriers in the first two symbols would be left empty for bandwidths with configurations using larger than 1 CCE.  The emptier subcarriers in the waveform, the larger the impact that would be seen compared to the Rayleigh distribution.
As an example, with the same bandwidth and subcarrier spacing (i.e. the same number of PRBs) the number of CCEs configured has a slight increase in PAPR.  In other words, as the number of CCEs is reduced there becomes an increase in PAPR.  Even for the highest CCE allocation, 16 CCE, it can be observed that there is still a slight difference between the Rayleigh distribution.
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PAPR

1 CCE, 20MHz BW, 106-PRB, 15kHz scs

2 CCE, 20MHz BW, 106-PRB, 15kHz scs

4 CCE, 20MHz BW, 106-PRB, 15kHz scs

8 CCE, 20MHz BW, 106-PRB, 15kHz scs

16 CCE, 20MHz BW, 106-PRB, 15kHz scs

CCDF of random Rayleigh distribution


The flexibility of NR compared to LTE allows for PDSCH to take the place of the unallocated subcarriers in the first two symbols.  By doing so the impact of overall PAPR can be further reduced while still be capable to satisfy all subcarrier and bandwidth combinations for both FR1 and FR2.  
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PAPR, 2-GHz Carrier frequency

1 CCE, 5 MHz, 25-PRBs, 15 kHz scs

1 CCE, 20 MHz, 51-PRB, 30 kHz scs

1 CCE, 100 MHz, 135-PRB, 60 kHz scs

CCDF of random Rayleigh distribution


As the above example shows, for different bandwidths and subcarrier spacings and a PDCCH with 1 CCE (1 CCE = 6 PRBs) along with the remaining symbols contained with additional PDSCH the analysis shows that this produces a Rayleigh distribution.   

	Slot configuration
	CORESET length in # of OFDM symbols
	# of REs for PDSCH within the CORESET

	1 CCE, 5 MHZ, 25 PRB, 15 kHz
	1
	(25 - 6) * 12 = 228

	1 CCE, 20 MHz, 51 PRB, 30 kHz
	1
	(51 - 6) * 12 = 540

	1 CCE, 100 MHz, 135 PRB, 60 kHz
	1
	(135 - 6) * 12 = 1548


The configurations of PDSCH would need to be a further detail between FR1 and FR2 from considering the different RS densities.  One example would be the PT-RS, this RS is only needed in FR2, and as such would not be needed in the list of parameters to be defined for FR1.  The DM-RS density would also need to be outlined as the PHY layer design is flexible and would need to be defined for the TMs.  
Proposal 3: Detailed PDSCH parameters are to be studied, to decide which RS would need to be included in TM
3. Conclusion

In this contribution, a proposal of a test model design from physical channel parameters are shown.  The objective of this proposal was to efficiently introduce a list of parameters that would impact a TM design, whilst providing a solution that can help to reduce test complexity but not compromising test coverage.

The considerations of PDSCH and PDCCH above provide a solution that is also future proof if more bandwidth configurations are introduced in the future.  
Proposal 1: Only consider PDCCH and PDSCH needed for TM design
Proposal 2: PDCCH should contain the smallest unit of 1 CCE, remaining REs in the first two symbols should contain PDSCH.
Proposal 3: Detailed PDSCH parameters are to be studied, to decide which RS would need to be included in TM
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