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1	Introduction
[bookmark: _Ref352176984]During the last RAN4 meeting, an agreed WF [x] was put together to capture all possibilities towards how to fill the remaining unoccupied REs in the current Test Model in TS 38.141-1/2.  Based upon discussions during RAN4 #90 meeting in Athens, different technical concerns were brought forward.  To better adhere to all companies concerns a WF was drafted and agreed to start as a basis for continued discussion and aim towards a conclusion of a NR TM.
This contribution provides a full analysis on such options.
2 	PDSCH Arrangement for NR Test Model
Several options were proposed [1] on an approach to fill the remaining unoccupied RBs in the first two symbols of a slot in the test model where PDCCH is allocated. All the options discussed try to fill up the unoccupied zero power PRBs (referred to as “filler regions”) to have a close to uniform power envelop of the waveform generated for the TM and maintain low PAPR.  In addition to maintaining a low PAPR, it is important to ensure all REs are occupied to ensure robust testing of all RF requirements.  Each option needs to be looked closely in order to assess its compliance with RAN1 spec as well as with regards to applicability in practical implementation. Moreover, some TMs specify application of power boosting/de-boosting on selected set of PRBs or RBGs to be able to test the EVM performance under a non-uniform power envelop.  
Option 1: Have PDCCH span entire PRBs over the two symbols; 
For a given BW, the maximum number of PDCCH that can be allocated over the two symbols is  RBs. The power over the fraction of REs which remain unoccupied will be distributed over the PDCCH. 
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Figure 2: Slot format for Option 1
Although this option maintains approximately uniform power distribution across the slot and maintains the PAPR, it might result in uneven power allocation at the band edge in the first two symbols because of the remaining empty filler (red) region causing some tests such as ACLR on either side of the band to be asymmetric and therefore incomparable. Moreover, there would also be uneven power allocation between the 2nd PDCCH symbol and the immediate neighbouring PDSCH symbol.  
Option 2: The filler region is fully occupied by PDSCH corresponding to another user. 
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Figure 3: Slot format for Option 3
This option would make sure that all REs in the filler region are occupied and thus leaving no zero power RE. Additionally, the power scaling of PDCCH to ensure maximum output power is not required from this option.  However, allocating the first two symbols only within a slot for PDSCH for the second user implies the need for using Type B PDSCH typically employed in application requiring shorter slot format. This option may be undesirable because it requires implementation of two different PDSCH Types (Type A & B) which would add complexity to the test model generation.
Option 3: The PDSCH of a given user will span the entire slot over the allocated band except the band of PRBs over the first two symbols allocated for PDCCH. 
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Figure 4: Slot format for Option 3. No Boosting/De-boosting
This option would greatly reduce complexity of test signal generation with uniform power envelop and low PAPR. However, in TMs requiring power boosting/de-boosting of PDSCH PRBs would have nonuniform distribution over a slot since the length of PDSCH over the first two symbols is shorter than those in the rest of the slot. This option will therefore bring about unbalanced power allocation across the PDCCH symbol and the immediate PDSCH symbol within the same PRBs which will overly complicates test generation in scenarios where power boosting/de-boosting is required since power allocation for the PDCCH across the first two symbols needs to consider the amount of boosting/de-boosting on the PDSCH symbols within the entire slot.    
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Figure 5: Slot format for Option 3 with Boosting/De-boosting
Option 9: Investigates TM dependant patters where 
· For TM1.1, TM1.2, TM3.1, TM3.2 and TM3.3 the PDCCH is completely removed and the entire slot is PDSCH for the user.
· For TM1.1 and TM3.1, this option would simplify test signal generation with uniform power envelop over a slot (with exclusion of first two symbols for EVM). Moreover, this option would provide uniform allocation of PRBs over the entire slot for power boosting/de-boosting in TM1.2, TM3.2 and TM3.3.  However, the consequence of removing the PDCCH entirely could be that some critical DCI information required for TX-RX synchronization or for demodulating the received waveform might be missing.    
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Figure 5a: Option 9 slot format for TM1.1 and TM3.1
Figure 5b: Option 9 slot format for TM1.2, TM3.2 and TM3.3




· For TM2 where the single PRB test is employed, the PDCCH is kept in order to potentially aid in improving frequency/timing synchronization using PDCCH-DMRS symbols. In this case, the proposed slot format seems the obvious and simplest choice given that a single PRB PDSCH allocation does not allow for much flexibility.
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Figure 5c: Option 9 slot format for TM2        
Option 10: Unlike option 9, this option (option 10) would include PDCCH in the first two symbols of the slot. However, the PRBs adjacent to the PDCCH in the following slots will be allocated to a PDSCH for a second user as shown in Figure 6 below. For TM2, the slot format remains as in Figure 5c in option 9. 
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Figure 6: Option 10 slot format with no boosting/de-boosting (left) and with boosting/de-boosting
· In this option, the modulation formats for both PDSCHs of UE1 and UE2 are assumed to be identical. Moreover, option 10 addresses all major concerns in such a way that 1) it will have minimal impact on the specification by maintaining the scalability and keeps a uniform power envelop, 2) no power scaling is applied on PDCCH, 3) provides scalability and simplicity as well as making it future proof, 4) avoids employing type B PDSCH. Moreover, uniform boosting/de-boosting is applied over the PRBs across the symbols over the slot which in turn will provide constant power per REs across symbols over the slot. 

It should be noted that, in all the above options, EVM is measured across PDSCH symbols starting from the third symbol of the slot.

3	Conclusion
In this contribution, the following options were discussed and analysed:
Option 1: Have PDCCH span entire PRBs over the two symbols
Option 2: The filler region is fully occupied by PDSCH corresponding to another user. 
Option 3: The PDSCH of a given user will span the entire slot over the allocated band except the band of PRBs over the first two symbols allocated for PDCCH. 
Option 9: Investigates TM dependant patters where 
· For TM1.1, TM1.2, TM3.1, TM3.2 and TM3.3 the PDCCH is completely removed and the entire slot is PDSCH for the user.
Option 10 slot format with no boosting/de-boosting (left) and with boosting/de-boosting
Based upon uniform TM design towards all numerologies, unnecessary need of power scaling of PDCCH, PDSCH type A only, and no unoccupied REs, the preference for Option 10 for NR TM design is proposed.
Proposal: Option 10 should be adopted for NR-TM design
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