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Background
Based on the further discussions during RAN4#95-e meeting, way forward on PDSCH CA normal demodulation requirements [1] was approved still with some open issues left.
In this contribution, we share our analysis and views on those open issues.
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Requirements for TDD-FDD CA and TDD-TDD CA with different SCSs
· Pcell configuration for performance requirements
· Define requirements for both 15kHz Pcell and 30kHz Pcell (for CA with different SCSs) and both FDD 15 kHz Pcell and TDD 15 kHz Pcell (for FDD + TDD CA with 15 kHz SCS)
· Pcell configuration for the test
· The test coverage can be considered fulfilled if UE passes any one of scenario with one of the CC as PCell for FDD 15 kHz + TDD 15 kHz
· If Pcell in both carriers are supported for FDD 15 kHz + TDD 30 kHz, configure TDD cell as Pcell
· If Pcell in both carriers are supported for TDD 15 kHz + TDD 30 kHz, configure 
· Option 1: 15 kHz SCS cell as Pcell
· Option 2: 30 kHz SCS cell as Pcell
The only left issue is PCell configuration for test of TDD 15 kHz + TDD 30 kHz, TDD 30kHz should be the most typical subcarrier spacing for PCell considering the larger bandwidth, it is better to use cell with 30kHz SCS as PCell for TDD 15kHz + TDD 30kHz CA.
Proposal 1: Configure TDD cell with 30 kHz SCS as PCell in TDD 15kHz + TDD 30kHz CA.
Number of HARQ process
As per [1]:
	HARQ process number
	CCs with the same duplex mode & SCS with PCell
	CCs with the different duplex mode & SCS with PCell

	FDD 15 kHz + TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	8
	8

	TDD 15 kHz + TDD 30 kHz CA
	15 kHz PCell
	8
	12 (Note 1)

	
	30 kHz PCell
	8
	Option 1: 6
Option 2: 8

	Note 1: FFS scheduling details:
· Option 1: different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot.
· Option 2: initial transmission and retransmission can be scheduled on different types of TDD slot 



· Companies are encouraged to check the performance difference of scheduling options for TDD 15 kHz + TDD 30 kHz CA with 12 HARQ processes
· [bookmark: _GoBack]if no simulation results show there is performance impact by scheduling the initial transmission and retransmission in different types of slots, then no need to differentiate the two options in TS 38.101-4.

For c) whether the UL symbols in special slot can be used for carrying PUCCH. As per [5] approved in RAN4#93, RAN4 agreed to use:
· PUCCH group
· one PUCCH group, i.e., A/N feedback on Pcell  with no UL CA 
· PUCCH format for A/N feedback
· use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs. 
As per TS 38.211:
Table 6.3.2.1-1: PUCCH formats.[TS 38.211]
	PUCCH format
	
Length in OFDM symbols 
	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2



The least number of OFDM symbols of PUCCH for HARQ-ACK is 4, i.e. the UL symbols in special slot for TDD pattern “DDDSU” with S=10:2:2 for TDD 15kHz SCS cannot be used. For TDD pattern of “7D1S2U” with S=6:4:4 for TDD 30kHz SCS, it is better not use the special slot for HARQ-ACK feedback considering the possible larger number of aggregated CCs for NR CA and future proof.
Based on further discussion during RAN4#94-e as per [6], RAN4 agreed “The UL symbols in special slot is not used for carrying PUCCH”.
For Option 1 of Note 1, for TDD 15 kHz PCell and TDD 30 kHz SCell CA, as per the analysis in [7] as shown below, HARQ process #7 and 11 are scheduled in special slot, the corresponding HARQ ACK/NACK is scheduled in special slots of TDD 15kHz PCell that is inconsistent with previous agreement.
[image: ]
Also based on our evaluations, no obvious performance difference is observed for Option 1 and Option 2 in Note 1 based on the simulation assumptions for TDD 30kHz with 12 HARQ processes.
Observation 1: No performance impact by scheduling the initial transmission and retransmission in different types of slots.
Proposal 2: Not restrict the scheduling on the initial transmission and retransmission on the type of TDD slots.
K1 values
· K1 values
· Option 1: K1 values are provided based on Pcell’s SCS in scenarios with mixed SCSs.
· Option 2: K1 values are based on each cell’s own SCS
· Other options are not precluded
· Companies are encouraged to check RAN1 procedure for considered scenarios.
Whether the K1 values are based on PCell’s SCS, i.e. SCS of the PUCCH transmission, As per TS 38.213 section 9.2.3
	With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending in slot , or if the UE detects a DCI format that requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception through a PDCCH reception ending in slot , as described in Clause 9.1.4, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2.  corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release or in case of the DCI format that requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception.



From the above yellow highlighted part, we can know that k = 0 corresponds to the slot of the PUCCH transmission, and counts from the last slot of PUCCH transmission that overlaps with the PDSCH reception, based on the understanding about K1 values in RAN1 specification and our analysis in [3~4], Option 1 should be adopted.
Proposal 3: Adopt Option 1 for the K1 values definition, i.e.
[image: ]
Test applicability rule
Categorizing of CA capabilities: as per the agreements [1], the following test applicability rules are listed:
· Categorizing of CA capabilities
· Option 1: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands. 
· Option 2: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA.
· Companies to bring proposals on the demod spec structure for CA, with the motivation to minimize future maintenance. 
As per the previous discussion, company has common understanding that NR should minimize future specification maintenance, whatever Option 1 and Option 2, reference to corresponding tables for intra-band contiguous CA, intra-band non-contiguous CA and inter-band defined in TS 38.101-1/2/3 should be used, there is no essential difference for Option 1 and Option 2 if we do not combine Categorizing of CA capabilities discussion with the test of different capabilities. The main difference between Option 1 and Option 2 is to list the inter-band CA with different number of bands, with inter-band CA with more and more number of bands, new inter-band CA reference to specific table need to added, and considering the different reference tables 5.5A.3-X for inter-band CA in FR1 and tables 5.5A.1-x for inter-band CA between FR1 and FR2, distinguishing between them is needed, one possible definitions for Option 1 as shown below in Table X1-1 ~ Table X1-3:
Table X1-1: Definition of CA capability for FR1 (Option 1)
	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_NC
	Intra-band non-contiguous CA

	CA_A2
	Inter-band CA (two bands)

	CA_A3
	Inter-band CA (three bands)

	CA_A4
	Inter-band CA (four bands)

	NOTE 1:	CA_C corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.1-1 for intra-band contiguous CA in FR1 [6]. 
                 CA_NC corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.2-1 for intra-band non-contiguous CA in FR1 [6].
                 CA_A2 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.3-1 for inter-band CA with two bands [6].
                 CA_A3 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.3-2 for inter-band CA with three bands [6].
                 CA_A4 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.3-3 for inter-band CA with four bands [6].
                 CA_AX corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.3-Y for inter-band CA with X bands [6].



Table X1-2: Definition of CA capability for FR2 (Option 1)
	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_NC
	Intra-band non-contiguous CA

	NOTE 1:	CA4_C corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.1-1 for intra-band contiguous CA in FR2 [7]. 
                 CA_NC corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.2-1 for intra-band non-contiguous CA in FR2 [7].



Table X1-3: Definition of CA capability for CA configurations between FR1 and FR2 (Option 1)
	CA Capability
	CA Capability Description

	CA_A2
	Inter-band CA (two bands)

	CA_A3
	Inter-band CA (three bands)

	CA_A4
	Inter-band CA (four bands)

	NOTE 1:	CA_A2 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.1-1 for inter-band CA with two bands [8].
                 CA_A3 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.1-2 for inter-band CA with three bands [8].
                 CA_A4 corresponds to NR CA configurations and bandwidth combination sets defined in Table 5.5A.1-3 for inter-band CA with four bands [8].



For Option 2, we do not need to differentiate the inter-band CA with different number of bands, the section number of configurations for CA in TS 38.101-1, TS 38.101-2 and TS 38.101-3 is same, and it is convenient and future proof to just refer to the section number as shown below:
Table X2-1: Definition of CA capability (Option 2)
	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_NC
	Intra-band non-contiguous CA

	CA_A
	Inter-band CA

	NOTE 1:	CA_C corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.1 [6~7], for intra-band contiguous CA. 
                 CA_N2 corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.2 [6~7] for intra-band non-contiguous CA.
                 CA_A corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.3 [6, 8] for inter-band CA.



Observation 2: No further specification maintenance is needed for Option 2. 
Proposal 4: Adopt Option 2 for CA capability definition, with definition:
Table X2-1: Definition of CA capability (Option 2)
	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_NC
	Intra-band non-contiguous CA

	CA_A
	Inter-band CA

	NOTE 1:	CA_C corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.1 [6~7], for intra-band contiguous CA. 
                 CA_N2 corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.2 [6~7] for intra-band non-contiguous CA.
                 CA_A corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.3 [6, 8] for inter-band CA.



For the test of different CA capabilities rule as listed below [1]:
Test of different CA capabilities, selection of CA configurations and CBW combination: 
· Test of different CA capabilities
· Option 1: Test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with the largest number of bands.
· Option 2: Test all the supported CA capabilities, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
From our understanding, if UE can support inter-band CA with larger number of bands, it definitely can support and pass the related performance requirements for inter-band CA with smaller number of bands, it is not necessary to test inter-band CA with different number of bands.
Proposal 5: Adopt Option 1, i.e. test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with the largest number of bands for test of different CA capabilities.

· Selection of CA configuration(s) and CBW combination 
· Further discuss by taking into account:
· The supportedSubCarrierSpacingDL, maxNumberMIMO-LayersPDSCH and  supportedModulationOrderDL are reported for each CC and scalingFactor are reported per band for FR1 and FR2.
· The testable SNR for FR2. 

Core specification TS 38.331 defines the following UE capabilties:

[bookmark: _Hlk2858224]FeatureSetDownlinkPerCC ::=         SEQUENCE {
    supportedSubcarrierSpacingDL        SubcarrierSpacing,
    supportedBandwidthDL                SupportedBandwidth,
    channelBW-90mhz                     ENUMERATED {supported}                      OPTIONAL,
    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                               OPTIONAL,
    supportedModulationOrderDL          ModulationOrder                             OPTIONAL
}


The set of NR UE capabilities per CC shown above are considered in NR Rel-15 CA SDR tests to find the maximum data rate supported by UE. For NR normal CA performance requirements, the supported subcarrier spacing is reflected to select the correct set of tests as discussed in section 2.1 for PCell configuration for the test, specific MIMO layer and MCS are included in the performance requirements, the key factors need to be considered for CA is the largest CA bandwidth combination supported for a given SCS within a single CC and the number of CC, so from our point of view, following LTE logic to select the CA with the largest CA bandwidth combination for different number of CA capabilities, additionally considering the largest number of aggregated CC or bands for intra-band contiguous/non-contiguous CA and inter-band CA respectively.
In a summary, we propose the following test applicability rule for NR UE CA normal performance requirements:
Proposal 6: Adopt the following test applicability rule for selection of CA configurations and CBW combination for test: 
· For intra-band contiguous CA and intra-band non-contiguous CA with same numerology, for each supported SCS
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode
· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs
· For intra-band contiguous CA and intra-band non-contiguous CA with different numerology, as per the PCell configuration for the test
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode
· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs
· For inter-band CA, as per the PCell configuration for the test
· Select any one of the supported CA configurations with the largest number of bands aggregated
Proposals
In this contribution, we further share our views on those open issues for NR CA normal performance requirements, and our observations and proposals are:
Observation 1: No performance impact by scheduling the initial transmission and retransmission in different types of slots.
Observation 2: No further specification maintenance is needed for Option 2. 

Proposal 1: Configure TDD cell with 30 kHz SCS as PCell in TDD 15kHz + TDD 30kHz CA.
Proposal 2: Not restrict the scheduling on the initial transmission and retransmission on the type of TDD slots.
Proposal 3: Adopt Option 1 for the K1 values definition, i.e.
[image: ]
Proposal 4: Adopt Option 2 for CA capability definition, with definition:
Table X2-1: Definition of CA capability (Option 2)
	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_NC
	Intra-band non-contiguous CA

	CA_A
	Inter-band CA

	NOTE 1:	CA_C corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.1 [6~7], for intra-band contiguous CA. 
                 CA_N2 corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.2 [6~7] for intra-band non-contiguous CA.
                 CA_A corresponds to NR CA configurations and bandwidth combination sets defined in section 5.5A.3 [6, 8] for inter-band CA.



Proposal 6: Adopt the following test applicability rule for selection of CA configurations and CBW combination for test: 
· For intra-band contiguous CA and intra-band non-contiguous CA with same numerology, for each supported SCS
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode
· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs
· For intra-band contiguous CA and intra-band non-contiguous CA with different numerology, as per the PCell configuration for the test
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode
· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs
· For inter-band CA, as per the PCell configuration for the test
· Select any one of the supported CA configurations with the largest number of bands aggregated
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Note 1: FFS scheduling details:
* Option ‘erent RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and
retransmission are scheduled on the same type of TDD slot.

* Option 2: initial transmission and retransmission can be scheduled on different types of TDD slot
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