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1. Introduction
Test model details were finalized during last RAN4#89 meeting in November ’18. Text proposals with details parameters for FR1 were agreed in [1], and for FR2 were agreed in [2]. Some details parameters of physical channels used for test models were covered in clause 4.9.2.3 Data content of Physical channels and Signals for NR-FR1-TM that was agreed in TP [3]. The same approach was done for details of physical channel for FR2, where details were agreed in [3]. However, some details are still not resolved, and way forwards were agreed for specific topics. One of the topic for further discussion is filling of remaining RBs of PDDCH [5].
In this contribution, we discuss and propose how to solve the issue of remaining RBs of PDCCH.  
2. Discussion
Currently in 38.141-1 and 38.141-2 specifications in sections 4.9.2.2 first two symbols of PDSCH are fill with 3 PDCCH PRBs each. Other PRBs in first two symbols are not occupied. This is shown in figure 1 below. However there are some implementation concerns for filling REs in the first part of the slot.
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Figure 1. PDSCH with first two symbols occupied with PDCCH (green) and unoccupied slots (orange) [5]

In LTE conformance test specification 36.141, this filling procedure was achieved using PDCCH because the entire control region was filled with PDCCH. The power was statistically equal on each symbol.
Although there are multiple ways to specify the CORESET configuration, it is not possible to ensure that the entire bandwidth is occupied by PDDCH. Thus, the remainder of the PRBs in the first two symbols are left unoccupied. 
This problem may exist for test models for FR1: TM1.1, TM1.2, TM3.1, TM3.1a, TM3.2, TM3.3, and for FR2: TM1.1 and TM3.1. So, this is not a problem for TM2 because it is a single PRB test. Also it should be noted that for EVM tests, the first two symbols are not measured. For such design there are concerns about impact to amplitude statistics of the waveform, from PAPR perspective.
Following agreement was captured in agreed way forward [5]: 
Agreements
· For the current release of 38.141-1 and 38.141-2, the filler region will be unoccupied.
· For next meeting, companies are encouraged to investigate the RF performance impact with the current specified description of the first one or two symbol(s). 
· If there is performance impact, companies are encouraged to investigate alternatives. Consideration of implementation can be evaluated, including, for example, all BW/SCS permutations, the number of unique NR TM complexity in design. Some options listed below.

Some options for the filler region:
· (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

In order to maintain similar power in all symbols in the slot, PDCCH CORESET length has been changed to 1 symbol and this symbol is filled with up to 3 PDCCHs.  The number of PDCCHs depends on the bandwidth and subcarrier spacing used but at least one PDCCH is allocated. The number of CCEs for the first PDCCH (PDCCH 0) is chosen as the biggest aggregation level which, expressed in PRBs, is lower than available bandwidth. Similar approach is taken for PDCCH 1 and PDCCH 2. In general, the number of CCEs for given PDCCH can be expressed as:

Where NUnallocated PRBs is equal to NRB for first PDCCH, NRB – (NCCE PDCCH0 * 6) for the second PDCCH etc.
Table below presents implementation of this solution in the table 4.9.2.2-2:
Table 4.9.2.2-2: Common physical channel parameters for PDCCH for BS type 1-C and BS type 1-H test models
	Parameter
	Value

	# of symbols used for control channel
	1

	Starting symbol number for control channel
	0

	Starting  PRB for PDCCH 0
	0

	# of available CCEs
	

	Aggregation levels (AL) / number of allocated CCEs (NCCE) and number of allocated PRBs (NRB PDCCH) for PDCCH 0, PDCCH 1(Note 1) and PDCCH 2(Note 1)

	


	
	


	
	


	# of PRBs allocated to PDCCH 
	

	Note 1: Depending on NRB and SCS combination, PDCCH 1 and PDCCH 2 might not exist.




[bookmark: _Hlk962489]In order to distinguish between these PDCCHs, clause 4.9.2.3.1 has been extended with the specification of RNTI which is needed for scrambling of CRC for given PDCCH. Since pdcch-DMRS-ScramblingID is still assumed to be not configured, nRNTI = 0 and  are used for scrambling initialization sequences of data and DM-RS.
As stated above, not all PDCCH are necessarily allocated, thus and  can be set to 0.
Below is presented text for clause: 4.9.2.3.1 with incorporated proposal:

-	
-	PDCCH modulation to be QPSK as described in TS 38.211 [17], subclause 5.1.3
-	For each slot the required amount of bits for all PDCCHs is as follows:  * 6(REG per CCE) * 9(data RE per REG) * 2(bits per RE) with these parameters according to the NR-FR1-TM definitions in subclause 4.9.2.2
-	Generate this amount of bits according to ‘all 0’ data
-	 CCEs shall be generated according to TS 38.211 [17], subclause 7.3.2 using non-interleaved CCE-to-REG mapping. PDCCH should occupy first  symbol  with the number of resource-element groups which varies depending on the bandwidth and subcarrier spacing. One resource element group equals one resource block during one OFDM symbol. 
-	Perform PDCCH scrambling according to TS 38.211 [17], subclause 7.3.2.3
[bookmark: _Hlk990615]-	in DM-RS sequence generation in TS 38.211 [17], subclause 7.4.1.3
-	nRNTI = 0 for ; nRNTI = 100 for ; nRNTI = 200 for  in CRC scrambling in TS 38.212 [x], subclause 7.3.2
-	Perform mapping to REs according to TS 38.211 [17], subclause 7.3.2.5.


3. Conclusion
In this contribution, we discuss and propose how to solve the issue of remaining RBs of PDCCH.  Proposed solution restricts PDCCH only to first symbol and second PDCCH is used to occupy filler region in first symbol.
[bookmark: _GoBack]Draft CRs that included these update for conducted conformance test specification 38.141-1 are submitted in [6] and for OTA provided in [7].
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