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1.	Introduction
In this contribution we report an identified issue with a definition of CORESET for RMC scheduling at clause A.3.1.3 in TS 38.133 [1]. Under the current definitions in these RMC tables for both FDD and TDD, there is an issue with a transmission of PUSCH (e.g. measurement report) from a UE due to a lack of resources for PDCCH (DCI format 0-1, UL grant) from a test equipment. 

2.	Discussion
2.1 Overall explanation of current issue with CORESET definition
At first we list the overall explanation of current issue with the CORESET definition at clause A.3.1.3 in TS 38.133 [1]. Detailed explanation for each factor will be provided from the following sub-clauses.
1)	In the control channel RMC (e.g. Table A.3.1.3.1-1, etc.), there is a definition of Aggregation (AG) level.  Here Aggregation level = 8 for the reference channel “CCR.1.1 FDD” means that the SS can transmit only 1 DCI (PDSCH scheduling or PUSCH scheduling) per DL slot.
2)	In the current spec of PDSCH RMC table (e.g. Table A.3.1.1-1), it is defined that DL grant (PDSCH scheduling) shall be transmitted at every DL slot.
3)	Due to the reason 1) and 2) above, there is no room for the SS (test equipment) to transmit UL grant (= PDCCH DCI format 0-1) at any of the DL slots and only DL grant (PDCCH DCI format 1-1) is transmitted from the SS. 
4)	So even though there are UL slots for UE to transmit data, since there is no UL grant from the SS, UE cannot send anything at UL slot and just keep waiting for the UL grant.
5)	In TDD case, there is a special slot in the schedule. So there is a kind of loophole to schedule PUSCH by sending UL grant at that slot, but it does not seem to be enough to send measurement reports (PUSCH) from the UE in the corresponding test case. 
In FDD case, since all the DL slots are defined as DL and there is no special slot, there is no room to transmit UL grant from the SS, causing no chance for the UE to send measurement reports at all.
Therefore due to the constraint of resources above, simultaneous scheduling of PDSCH/PUSCH is unviable. In a case that the standalone UE needs to transmit PUSCH (such as measurement report), simultaneous scheduling of PDSCH/ PUSCH is mandatory. And it may at the worst case fall into the RACH procedure that we need to avoid as an abnormal condition.

2.2 Relationship between CORESET, Aggregation level, CCE and DCI
In this sub-clause, we consider a relationship between the current definitions of CORESET, Aggregation level, CCE (Control-Channel Element) and DCI (Downlink Control Information) in the RMC tables in A.3.1.3. 
Table A.3.1.3.1-1 from TS 38.133 is extracted for reference as follows.
For the calculation of CCE, detailed explanation can be found in TS 38.211 [2]. Some extracts from TS 38.211 follow the table below.

[TS 38.133] Table A.3.1.3.1-1: Control Channel RMC for FDD with SCS=15KHz
	Parameter
	Unit
	Value

	Reference channel
	
	CCR.1.1 FDD
	CCR.1.2 FDD
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	10
	
	
	
	
	

	Subcarrier spacing
	kHz
	15
	15
	
	
	
	
	

	Allocated resource blocks for CORESET Note 3
	
	24
	18
	
	
	
	
	

	Number of transmitter antennas
	
	1
	1
	
	
	
	
	

	Duration of CORESET
	symbols
	2
	2
	
	
	
	
	

	REG bundle size
	
	6
	6
	
	
	
	
	

	DMRS precoder granularity
	
	Same as REG bundle size
	Same as REG bundle size
	
	
	
	
	

	CCE to REG mapping
	
	Interleaved
	Interleaved
	
	
	
	
	

	Interleave n_shift
	
	0
	0
	
	
	
	
	

	Interleave size
	
	2
	2
	
	
	
	
	

	Beamforming Pre-Coder
	
	N/A
	N/A
	
	
	
	
	

	Aggregation level
	CCE
	8
	4
	
	
	
	
	

	DCI formats
	
	Note 1 
	Note 1
	
	
	
	
	

	Payload size (without CRC)
	bits
	Note 2
	Note 2
	
	
	
	
	

	Note 1:	DCI format shall depend upon the test configuration.
Note 2:	Payload size shall depend upon the test configuration
Note 3:	Allocated in the resource blocks where the associated RMC is scheduled.


---- End of extract from TS 38.133 ----

Extract from TS 38.211
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


AG level＝ number of CCEs (SS can transmit DCIs (PDSCH/PUSCH schedule) based on this value.)
[bookmark: _Toc19796491][bookmark: _Toc26459717]7.3.2.2         Control-resource set (CORESET)
A control-resource set consists of  resource blocks( 24 RBs from RMC definition in Annex) in the frequency domain and  symbols( we can see that is 2 symbols from the RMC definition in Annex) in the time domain.
A control-channel element consists of 6 resource-element groups (REGs) (1CCE=6REGs) where a resource-element group equals one resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in increasing order in a time-first manner, starting with 0 for the first OFDM symbol and the lowest-numbered resource block in the control resource set.

A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-REG mapping only.
The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved and is described by REG bundles:
[bookmark: _Hlk500448813][bookmark: _Hlk500448903]-    REG bundle [image: ] is defined as REGs [image: ] where  is the REG bundle size, , and  is the number of REGs in the CORESET
---- End of extract from TS 38.211 ----
  Following the descriptions above, relationship of CCEs, CORESET and REG can be calculated as follows. 
REG = CORESET RB x CORESET symbol = 24 [RB] × 2 [symbol] = 48 [REG] 
48 [REG] / 6 [REG/CCE]) = 8 [CCE] <-- Maximum 8 CCEs can be used in 1 slot.
For a better visualization, Figure 2.2-1 to 2.2-4 depict the relationship between CORESET, AG level, CCE, and DCI (DL grant / UL grant) for CCR.1.1 FDD. Note that CCEs are drawn with non-interleave for simplicity in Figure 2.2-2.
[image: ]                    [image: ]                    [image: ]
Figure 2.2-1: PDCCH and CORESET       Figure 2.2-2: CORESET and CCE           Figure 2.2-3: CCE and DCI
[image: ]
Figure 2.2-4: Solution by modifying AG level to 4
In the next sub-clause we explain why only DL grant is transmitted by the current CORESET definition. 

2.3 Scheduling of DL grant / UL grant under the current RMC table
Next we see another RMC table for PDSCH (e.g. A.3.1.1.1-1 in TS 38.133). Table A.3.1.1.1-1 is extracted for reference. 
Table A.3.1.1.1-1: PDSCH Reference Measurement Channels for SCS=15kHz
	Parameter
	Unit
	Value

	Reference channel
	
	SR.1.1 FDD
	
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	
	
	
	
	
	

	Number of transmitter antennas
	
	1
	
	
	
	
	
	

	Allocated resource blocks for PDSCH Note 1
	
	24
	
	
	
	
	
	

	Allocated slots per Radio Frame
	
	10
	
	
	
	
	
	

	  Radio frame containing SSB
	slots
	Note 5
	
	
	
	
	
	

	  Radio frame not containing SSB
	slots
	10
	
	
	
	
	
	

	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:	PDSCH 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-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 2.
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-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1.


---- End of extract from TS 38.133 ----
As can be seen above, the current PDSCH RMC table is defined to allocate PDSCH in every slots per radio frame where SSB is not allocated, which means that DL grant (PDSCH scheduling) shall be transmitted at every available DL slot. Therefore as already shown in the previous sub-clause, under the condition that SS can transmit only 1 DCI per slot, there is no room for the SS (test equipment) to transmit UL grant (=PDCCH DCI format 0-1) at the DL slot and only DL grant (PDCCH DCI format 1-1) is transmitted from the SS just like Figure 2-2-3 in the previous sub-clause.
Observation 1: Due to the limit of resources, there is no room for the SS to transmit UL grant (PDCCH DCI format 0-1) at DL slots and only DL grant (PDCCH DCI format 1-1) is transmitted except for the special slot for TDD.
 For reference, Figure 2.3-1 and 2.3-2 are shown as examples of TDD / FDD scheduling.

[image: ]
Figure 2.3-1: Example of scheduling for SCS 30 kHz TDD
[image: ]
Figure 2.3-2: Example of scheduling for SCS 15 kHz FDD

2.4 Candidate solutions
As shown in Figure 2.2-4, if we adjust the aggregation level from 8 to 4 (or 4 to 2 in some RMCs) to enable scheduling 2 DCIs per slot based on the number of CCE, it is possible to schedule both DL grant and UL grant within the same slot. 
Number of CCE: 24 RB*2 Symbol = 48 REGs = 48/6 = 8 CCE   
e.g. AG level = 8 -> Equivalent to 8 CCEs, with which SS can transmit 1 DCI per slot based on the current RMC.
       AG level = 4 -> Equivalent to 4 CCEs and SS can transmit 2 DCIs (4*2= 8 CCEs) per slot.
Observation 2: By adjusting AG level of CORESET for RMC scheduling, it is possible to schedule 2 DCIs per slot (both DL grant and UL grant can be sent from the SS).
There are some other candidates to solve the issue such as: 
Alternative a) Remove a part of DL RMC => It is difficult to decide on which slot to remove if we consider various test conditions. Thus it is difficult to define a common RMC. 
Alternative b) Increase the number of CORESET RBs => There are cases with some RRM TCs that we cannot cordon resources more than or equal to 24 RBs. 
Observation 3:  Taking into consideration of the limitations above, we assume that the adjustment of the AG level is the most suitable solution and easiest to solve the issue with the current CORESET definition.  
Proposal 1: Adjust the AG level of CORESET for RMC scheduling to enable transmitting 2 DCIs per slot. 
Here since the aggregation level is related only to the PDCCH resource allocation, we assume that this parameter has basically no impacts on the RRM test requirements.
Observation 4: Adjustment of AG level has no impact on the RRM test requirements.

2.5 Extent of changes
TS 38.133 Annex A.3.1.3. Any RMCs regardless with FR1/ FR2, SCS or duplex mode.
Actually the reported issue in this contribution applies only to the standalone UE. It is because all the UL data including the measurement report (RRC message) from the UE can be sent via LTE carrier for the case of the NSA. However since the current RMC tables are defined regardless with SA or NSA, and to keep the simplicity of maintenance and implementation of test cases, we propose to keep them common without separating this AG level setting between SA and NSA.
Proposal 2: Keep the definitions of CORESET for RMC scheduling in A.3.1.3 in a same form from the current ones and do not separate them for SA and NSA.   


3. Conclusion
In this contribution we reported an identified issue with a definition of CORESET for RMC scheduling at clause A.3.1.3 in TS 38.133. 
Observation 1: Due to the limit of resources, there is no room for the SS to transmit UL grant (PDCCH DCI format 0-1) at DL slots and only DL grant (PDCCH DCI format 1-1) is transmitted except for the special slot for TDD.
Observation 2: By adjusting AG level of CORESET for RMC scheduling, it is possible to schedule 2 DCIs per slot (both DL grant and UL grant can be sent from the SS).
Observation 3:  Taking into consideration of the limitations above, we assume that the adjustment of the AG level is the most suitable solution and easiest to solve the issue with the current CORESET definition.  
Proposal 1: Adjust the AG level of CORESET for RMC scheduling to enable transmitting 2 DCIs per slot. 
Observation 4: Adjustment of AG level has no impact on the RRM test requirements.
Proposal 2: Keep the definitions of CORESET for RMC scheduling in A.3.1.3 in a same form from the current ones and do not separate them for SA and NSA.     
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5. Appendix 
Below is the example of text proposal for Annex A.3.1.3. Note that not all the RMC tables are shown here.

A.3.1.3	CORESET for RMC scheduling
[bookmark: _Toc535476077]A.3.1.3.1	FDD
Table A.3.1.3.1-1: Control Channel RMC for FDD with SCS=15KHz
	Parameter
	Unit
	Value

	Reference channel
	
	CCR.1.1 FDD
	CCR.1.2 FDD
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	10
	
	
	
	
	

	Subcarrier spacing
	kHz
	15
	15
	
	
	
	
	

	Allocated resource blocks for CORESET Note 3
	
	24
	18
	
	
	
	
	

	Number of transmitter antennas
	
	1
	1
	
	
	
	
	

	Duration of CORESET
	symbols
	2
	2
	
	
	
	
	

	REG bundle size
	
	6
	6
	
	
	
	
	

	DMRS precoder granularity
	
	Same as REG bundle size
	Same as REG bundle size
	
	
	
	
	

	CCE to REG mapping
	
	Interleaved
	Interleaved
	
	
	
	
	

	Interleave n_shift
	
	0
	0
	
	
	
	
	

	Interleave size
	
	2
	2
	
	
	
	
	

	Beamforming Pre-Coder
	
	N/A
	N/A
	
	
	
	
	

	Aggregation level
	CCE
	8 4
	4 2
	
	
	
	
	

	DCI formats
	
	Note 1 
	Note 1
	
	
	
	
	

	Payload size (without CRC)
	bits
	Note 2
	Note 2
	
	
	
	
	

	Note 1:	DCI format shall depend upon the test configuration.
Note 2:	Payload size shall depend upon the test configuration
Note 3:	Allocated in the resource blocks where the associated RMC is scheduled.




A.3.1.3.2	TDD
Table A.3.1.3.2-1: Control Channel RMC for TDD with SCS=15KHz
	Parameter
	Unit
	Value

	Reference channel
	
	CCR.1.1 TDD
	CCR.1.2 TDD
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	10
	
	
	
	
	

	Subcarrier spacing
	kHz
	15
	15
	
	
	
	
	

	Allocated resource blocks for CORESET Note 3
	
	24
	18
	
	
	
	
	

	Number of transmitter antennas
	
	1
	1
	
	
	
	
	

	Duration of CORESET
	symbols
	2
	2
	
	
	
	
	

	REG bundle size
	
	6
	6
	
	
	
	
	

	DMRS precoder granularity
	
	Same as REG bundle size
	Same as REG bundle size
	
	
	
	
	

	CCE to REG mapping
	
	Interleaved
	Interleaved
	
	
	
	
	

	Interleave n_shift
	
	0
	0
	
	
	
	
	

	Interleave size
	
	2
	2
	
	
	
	
	

	Beamforming Pre-Coder
	
	N/A
	N/A
	
	
	
	
	

	Aggregation level
	CCE
	8 4
	4 2
	
	
	
	
	

	DCI formats
	
	Note 1 
	Note 1
	
	
	
	
	

	Payload size (without CRC)
	bits
	Note 2
	Note 2
	
	
	
	
	

	Note 1:	DCI format shall depend upon the test configuration.
Note 2:	Payload size shall depend upon the test configuration
Note 3:	Allocated in the resource blocks where the associated RMC is scheduled.
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