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1.	Introduction
For FR2 RRM Test cases in Annex A of TS 38.133 [1], the allowed dB range of the DL signal is restricted by the minimum SSB_RP side condition at the lower end, and the maximum Io side condition at the higher end.
This dB range is restricted further for test cases where signals arrive from the UE Spherical coverage direction, and reduced further again when realistic test system uncertainties are taken into account. R5-203321 [2] gives a detailed explanation, leading to the conclusion that there is not enough dB range to implement FR2 RRM Spherical Coverage test cases as currently written. An extract is given in Annex A.
It is possible to increase the available dB range by designing all the DL physical channels and signals to occupy the same RBs, and hence reduce the overall Io. This discussion document proposes additional FR2 PDSCH Reference channels, which would allow reduction of Io and an increase in downlink dB range.
An accompanying CR to define the new PDSCH Reference channels and to update OCNG patterns is provided in R4-2100068 [3], and also updates selected test cases to refer to the new Reference channels and updated OCNG patterns. 
2.	Design and location of PDSCH Reference channel for RRM Test cases 
2.1 Original design of PDSCH Reference channels 
The strategy for RRM Test case Reference channels and CORESET was originally outlined in R4-1810156 [4] at RAN4#88, and R4-1811861 [5] was endorsed at the same meeting. These Tdocs covered both FR1 and FR2. The rationale is illustrated in Figure 2 from R4-1810156, here for 15kHz SCS and 10MHz Ch BW:

Figure 2 Resource elements possibly used for PDCCH/PDSCH (RMC) scheduling.
Proposal 7 in R4-1810156 [4] was to schedule the RMC on the other edge of the cell bandwidth opposite to SS/PBCH block, and in time domain to put RMC outside the slots where SS/PBCH is scheduled. This became a note in the TS 38.133 Reference channel definition “Allocated outside the SMTC duration in time and in resource blocks which do not overlap with the resource blocks allocated for SS/PBCH block”. Together with OCNG, the result is that all RBs are allocated over the whole channel BW.
2.2 Reducing the number of allocated RBs to decrease Io and increase downlink dB range 
One solution to increase the downlink dB range identified in R5-203321 [2] was to reduce the allocated RBs from 66 to 24, giving an extra 4.4dB range. To do this we need to move the PDSCH Reference channel to occupy the same part of the frequency range (PRB#) as the SSB/PBCH block and CORESET.

[bookmark: _Hlk59478803]Figure 2.2-1 PDSCH Reference channel occupying the same PRBs as SSB/PBCH block and CORESET

The next three half-frames do not contain the SS/PBCH block or the CORESET, as the SSB periodicity is 20ms and the Control Channel Reference periodicity is 160 slots, also 20ms.

[bookmark: _GoBack]Figure 2.2-2 PDSCH Reference channel for half-frames without SSB/PBCH or CORESET

This requires definition of a new PDSCH Reference channel in TS 38.133. As it is only needed for FR2 TDD, the only table affected is A.3.1.1.1-3 (title should be A.3.1.1.2-3):
[bookmark: _Hlk59478749]Table A.3.1.1.12-3: PDSCH Reference Measurement Channels for SCS=120kHz
	Parameter
	Unit
	Value

	Reference channel
	
	SR.3.1 TDD
	[bookmark: _Hlk59478766]SR.3.2 TDD
	
	
	
	
	

	Channel bandwidth
	MHz
	100
	100
	
	
	
	
	

	Number of transmitter antennas
	
	1
	1
	
	
	
	
	

	Allocated resource blocks for PDSCH Note 1
	
	24Note 1
	24Note 7
	
	
	
	
	

	Allocated slots per Radio Frame
	
	
	
	
	
	
	
	

	  Radio frame containing SSB
	slots
	Note 5
	Note 8
	
	
	
	
	

	  Radio frame not containing SSB
	slots
	48
	48
	
	
	
	
	

	MCS table
	
	64QAM
	64QAM
	
	
	
	
	

	MCS index
	
	4
	4
	
	
	
	
	

	Modulation
	
	QPSK
	QPSK
	
	
	
	
	

	Target Coding Rate
	
	1/3
	1/3
	
	
	
	
	

	Number of control symbols
	
	2
	2
	
	
	
	
	

	PDSCH mapping type
	
	Type A
	Type A
	
	
	
	
	

	Information Bit Payload
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2
	bits
	1608
	1608
	
	
	
	
	

	  For slots without RMSI
	bits
	1864
	1864
	
	
	
	
	

	Number of Code Blocks per slot
	
	1
	1
	
	
	
	
	

	[bookmark: _Hlk59526077]Binary Channel Bits Per slot
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2, Note 4
	bits
	5184
	5184
	
	
	
	
	

	  For slots without RMSI Note 6
	bits
	6048
	6048
	
	
	
	
	

	Note 1:	Allocated outside the SMTC duration in time and in resource blocks which do not overlap with the resource blocks allocated for SS/PBCH block
Note 2:	VoidPDSCH is scheduled on the slots with RMSI.
Note 3:	If necessary the information bit payload size can be adjusted to facilitate the test implementation. The payload sizes are defined in TS 38.213 [3].
Note 4:	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditionalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 2.
[bookmark: _Hlk59536053]Note 5:	PDSCH is not scheduled in slots containing SSB according to the SSB configuration used in the test. SSB configurations are defined in clause A.3.10.
Note 6:	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditionalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1.
Note 7:	Allocated in the same resource blocks as the CORESET.
Note 8:	PDSCH is not scheduled in slots containing SSB according to the SSB configuration used in the test, and is not scheduled in slots containing CORESET.



2.3 OCNG patterns 
The existing OCNG patterns do not cover all the scenarios needed. For example, Test case A.7.5.1.1 (FR2 SSB-based RLM Out-of-sync) will need to be reduced to 24RBs to fit within achievable dB range, but there is currently no OCNG pattern for 2 AoA RRM test cases occupying less than the full channel bandwidth.
Also OCNG pattern 3, which covers 1 AoA test cases occupying less than the full channel bandwidth, is specified in terms of the PDSCH Reference channel bandwidth, but some test case do not use PDSCH.
To address these issues and provide a set of generic OCNG patterns suitable for RRM test cases, the following changes are proposed:
· Change OCNG pattern 3 to specify unused REs in the same bandwidth as CORESET, instead of in the PDSCH Reference channel bandwidth
· Add a new OCNG pattern 5 to specify unused REs in the same bandwidth as CORESET for 2AoA setup
2.4 Clean-up of table notes
[bookmark: _Hlk59536110]Note 1 states that the PDSCH RMC is “Allocated outside the SMTC duration in time“, but the time allocation is covered by Note 5 which states that PDSCH is not scheduled in slots containing SSB. The text relating to SMTC duration is redundant and can be deleted.
[bookmark: _Hlk59526124]Note 2 states “PDSCH is scheduled on the slots with RMSI”, but PDSCH is also scheduled on the slots without RMSI. As the rows for Information Bit Payload and for Binary Channel Bits Per slot now explicitly state the number of bits for slots with and without RMSI, Note 2 is redundant and can be made Void.
Notes 7 and 8 are added, and apply only to the new Reference channel SR.3.2 TDD.

3.	Way Forward
RAN4 is asked to endorse the following proposals and to agree the associated CRs:
· Add a new 24RB PDSCH Reference Measurement Channel SR.3.2 TDD occupying the same PRBs as SSB/PBCH block and CORESET
· Change OCNG pattern 3 to specify unused REs in the same bandwidth as CORESET, instead of in the PDSCH Reference channel bandwidth
· Add a new OCNG pattern 5 to specify unused REs in the same bandwidth as CORESET for 2AoA setup
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Annex A: Extract from R5-203321
The extract below from R5-203321 [2] illustrates the restricted dB range for test cases where signals arrive from the UE Spherical coverage direction, including the effect of realistic test system uncertainties.

Figure 2-1: Side conditions when making measurements
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