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1	Introduction
[bookmark: _Ref352176984]During last RAN4 meeting some companies raised some concerns regarding the filling REs in the first part of the slot.  The filling of the “orange” region was discussed as the full REs in the remaining 10 symbols of the slot is occupied.  It was then agreed that further study of different design decisions on the RF performance impact was needed.
NRB-3 (fill)
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12 sym
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In previous contributions [1,2], it has been shown that the PAPR impact of the overall amplitude statistics of the entire wave from of the NR TM would need to be carefully considered.  The initial main motivation of filling this “orange” section with remaining PDSCH is to keep the waveform amplitude statistics as close to Rayleigh distribution as possible.  
Some options as a means to address the concerns were captured in a Way Forwarded [3]:
· (option 1) Have PDCCH span entire symbol; satisfying a maximum of  RBs
· (option 2) The filler region is occupied by PDSCH corresponding to another user (e.g. third user N_RNTI = 3) 
· (option 3) The filler region is occupied by PDSCH of user 1 (and user 2). Their PDSCH will span the entire slot (all 14 symbols) except for the PDCCH
· (option 4) Create a second PDCCH to occupy the filler region as much as possible within the first two symbols
· (option 5) Double the number of CCEs so that the number of occupied RBs is 6 across 2 symbols.
· (option 6) Move PDCCH to center of bandwidth
· (option 7) PDCCH 1 CCE spanning only 1 symbol only
· (option 8) keep current design
· Other options not precluded

2	Discussion
[bookmark: _Hlk528061617]For the smallest PRB configuration defined in Table 5.3.2-1 [TS 38.104], 11 PRBs with 5MHz bandwidth and 30 kHz subcarrier spacing without the empty REs in the first two symbols unoccupied gives the following result of the amplitude statistic of the waveform.  As it can be shown, the difference can be up to ~0.7 dB in PAPR.  This example was chosen, as 5MHz bandwidth is used for the test configurations used for bandwidth smaller than 100MHz.  
[image: ]
Figure 1: Current NR TM for 5 MHz / 30 kHz Scenario with short PDCCH only 
If Option 8 is chosen: 

(option 8) keep current design
the amplitude statistics would have a difference of ~0.7dB, an unnecessary difference in PAPR and with some simple adjustments to the PDSCH allocation can be avoided.
2.1 WF PDSCH Arrangement Options
To eliminate this difference in PAPR, a solution to occupy the remaining REs in the first two symbols with rate matched PDSCH had been discussed.  This was presented in more detail in [1].  It has also been summarized as Option 3 in [3]

(option 3) The filler region is occupied by PDSCH of user 1 (and user 2). Their PDSCH will span the entire slot (all 14 symbols) except for the PDCCH
This option leads to no increased power difference between selected REs as no REs would be lift unoccupied.  Some concerns were raised regarding how the implementation would allow for boosting and deboosting for certain TM configurations.  Since it has been chosen to use RB groupings this makes the granularity a bit more difficult.  However, one approach would be to select each PRBs, and therefore data allocation would need to be used is type 1 for PDSCH.  
[bookmark: _GoBack]As it has been shown in previous contributions this option eliminates any variations in PAPR independent of numerology.
[image: ]

(option 1) Have PDCCH span entire symbol; satisfying a maximum of  RBs
(option 4) Create a second PDCCH to occupy the filler region as much as possible within the first two symbols
Both Option 1 and Option 4 could provide good coverage from a PAPR perspective with respect to the amplitude statistics.  Both having similar design aspects with respect to PAPR considerations as objective.  As the REs in the first two symbols are mostly filled with these two options.  Although not fully filled as not all bandwidth contain an integer value of the PDCCH CORESET.  However, in this option, the downside being that flexibility of one NR TM to cover all permutations of bandwidths and subcarrier spacings would be lost.  This would mean that there would need to be several NR TM for different PDCCH CORESET designs.
The following is a table taken from TS 38.211, where the number of CCEs available are shown.  This would leave a maximum of 96 RBs to be occupied by PDCCH, over 2 symbols.  

Table 7.3.2.1-1: Supported PDCCH aggregation levels.
	Aggregation level
	Number of CCEs

	1
	1

	2
	2

	4
	4

	8
	8

	16
	16



Regarding Option 1, for PDCCH, the CORESET is only available in supported aggregation levels, see table above.  This would mean that there are some bandwidths with left over REs which will remain unoccupied.  The number of RBs left unoccupied are shown in the table below.

	SCS (kHz)
	5
	10
	15
	20 MHz
	25 MHz
	30
	40 MHz
	50 MHz
	60 MHz
	70
	80 MHz
	90
	100 MHz

	
	MHz
	MHz
	MHz
	
	
	MHz
	
	
	
	MHz
	
	MHz
	

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	1
	4
	31
	10
	37
	64
	120
	174
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	5
	0
	14
	3
	17
	30
	10
	37
	66
	93
	121
	149
	177

	60
	N.A
	5
	6
	0
	7
	14
	3
	17
	31
	45
	11
	25
	39



Appropriate power scaling would need to be handled in order to maintain an accurate nominal power.  This power scaling to bring the full frame up to the declared maximum output power of the base station would differ between different bandwidths even if the number of unoccupied REs is the same.  This would lead to an unnecessary additional parameters, both from number of needed REs and the associated power scaling level but this is an unnecessary level of complexity which can be avoided if all REs are fully occupied.

(option 2) The filler region is occupied by PDSCH corresponding to another user (e.g. third user N_RNTI = 3) 
(option 4) Create a second PDCCH to occupy the filler region as much as possible within the first two symbols

Option 2could also provide good coverage from a PAPR perspective with respect to the amplitude statistics, same PAPR result as Option 4.  This solution however, raises some questions regarding how the boosting/deboosting allocation would apply.  Currently, two users are allocated for different PDSCH power levels; that is to say that N_RNTI = 1 for boost and N_RNTI = 2 for deboost.  If the 3rd user is introduced over the first two symbols, the power level would then maintain neutral (neither booster or deboosted) for implementation simplicity. 

[image: ]
Figure 2: Remaining REs in first 2 symbols with PDSCH (N_RNTI = 3)

(option 5) Double the number of CCEs so that the number of occupied RBs is 6 across 2 symbols.
(option 7) PDCCH 1 CCE spanning only 1 symbol only
For Option 5 and Option 7 both attempt to address the unoccupied REs.  In Option 5, the increase of CCEs will certainly help assist in reducing the overall PAPR compared to the current TM waveform.  This would not be an optimum design and for the larger bandwidths the reduction of PAPR would be even more evident.  In other words, the more occupied REs the better.  Furthermore, in Option 5, the number of RBs spanned by CCE (after doubling) may exceed the available RBS, e.g., there exist 11 RBs for 5 MHZ BW in 30 kHZ SCS, for which there is a shortage of 1 RB if CCE spans 12 RBs.  The two options address the unoccupied REs by different approaches.  For Option 5 the method to address the issue is by adding more PDCCH, i.e. more CCEs.  Whereas in Option 7, the reduction of PDCCH allows for a full symbol (13 rather than the current 12 symbols) to be occupied, but with PDSCH.
Lastly, examining Option 6:
(option 6) Move PDCCH to center of bandwidth
Here the movement of the PDCCH to the center of the bandwidth would not reduce the total number of unoccupied REs in the first two symbols. However, by adjusting the placement of the PDCCH the rearrangement may help reduce band edge power levels.  Additionally, the rearrangement of additional PDSCH needed in the first two symbols could lead to easier arrangement of the boosting/deboosting PRB selection.  It is also unclear if this would be a scalable solution to be applied for all bandwidths. 
  
3	Conclusion
In this contribution, analysis of 9 options was presented with advantages and disadvantages for choosing the option for implementation for the NR test models. The investigation concluded here is that the following two options, Option 2 and Option 3 could potentially be viable solutions.
(option 2) The filler region is occupied by PDSCH corresponding to another user (e.g. third user N_RNTI = 3) 
(option 3) The filler region is occupied by PDSCH of user 1 (and user 2). Their PDSCH will span the entire slot (all 14 symbols) except for the PDCCH
Proposal: Adopt one of the above 2 solutions for PDSCH arrangement for NR TM design.

4	Reference
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