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1. Introduction

In the previous RAN4 meeting WF on TDD configuration for NR UE REFSENS was agreed [1]
	· The following parameters need to be decided by RAN4 #87 to finalize reference measurement channel for NR REFSENS

· TDD configuration (UL/DL pattern)

· DL HARQ timing related parameters (K0, K1)

· Max number of HARQ process

· Agreements for FR1
· For FR1, the following TDD/HARQ configurations are applied for NR REFSENS requirements

· Semi-static TDD configuration

· UL/DL pattern

· FFS: TDD configuration for LTE side in EN-DC combinations (whether to apply the same configuration as NR side)

· FFS: Different TDD pattern between EN-DC and other scenario
SCS
Alt.1
Alt.2
Alt3
Alt4
15kHz

Aligned with LTE config #2 (5ms periodicity)

30kHz

{0, 33, 0, 41}
(Option 3 in R4-1803445)
Aligned with LTE config #2

(5ms periodicity)

 {0 0 0 32 1}  with 2.5ms periodicity

{0 0 0 12 1}  with 2.5ms periodicity

60kHz

{0, 33, 0, 41}
(Option 3 in R4-1803445)
Aligned with LTE config #2

(5ms periodicity)

LTE config #2 with 1.25ms periodicity

{0 0 13 1}  with 1ms periodicity

· K0 = [0]

· FFS: K1 and max number of HARQ process 

· Agreements for FR2

· For FR2, semi-static TDD configuration

· Postpone the discussion for FR2 to RAN4 #87

· K0 = [0]

· FFS: K1 and max # of HARQ process


In this paper we provide our views on the remaining open issues for REFSENS SNR test cases.
2. Discussion

2.1 Restrictions on NR TDD configuration
One of NR open issue in current stage is the support of simultaneous Tx/Rx for EN-DC and CA. The support of simultaneous Tx/Rx can be mandatary for some band combinations and optional for other band combinations. It is not possible to guarantee simultaneous Tx/Rx support for all band combinations and the test cases and TDD configurations should be defined under assumption simultaneous Tx/Rx processing is not supported. 
For NSA case multiple EN-DC bands were introduced and different LTE FDD - NR FDD, LTE FDD- NR TDD and LTE TDD- NR TDD combinations are already defined [4]. We suggest to focus in the LTE TDD - NR TDD case and align NR UL-DL configuration with some of LTE UL-DL configurations to avoid simultaneous Tx/Rx and also take into account NR restrictions on SSB mapping and HARQ assumptions. 

For SA case inter band CA is not finalized yet, but potentially FDD-FDD, FDD-TDD and TDD-TDD combinations could be introduced. For SA TDD-TDD case UL-DL configurations between bands need to be aligned. For this case we can reuse UL-DL configurations for NSA case. For SA FDD-TDD case, UL-DL configuration for TDD-TDD case can be reused and DL/UL scheduling restrictions can be applied to avoid simultaneous Tx/Rx processing.

Observation #1:
It is important to align NR UL-DL configuration with LTE UL-DL configuration for NSA case to avoid potential impact from simultaneous Tx/Rx processing.
2.2 TDD configuration for FR1
FR1 + 15kHz SCS

In the previous RAN4 meeting it was agreed that for 15 kHz case LTE UL-DL configuration #2 will be used as reference to configure NR UL-DL configuration for REFSENS test. The only open question is the structure of slot which contains DL symbols, UL symbols and Gap. Structure of this slot should be aligned with the structure of one of LTE special subframes. For all LTE demodulation and CSI requirements special subframe #4 is used. So, we propose to align NR special slot structure with structure of LTE special subframe #4. In Figure 1 we illustrate proposed UL-DL configuration and corresponding HARQ timing. Based on illustration it can be concluded that 6 HARQ processes is required and list of possible K1 values contains the following values: 2, 3, 4, 6.
	UL-DL pattern
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	Figure 1. UL-DL pattern and HARQ timing for FR1 SCS 15 kHz


FR1 + 30kHz SCS

Currently TDD-TDD EN-DC bands contain the following NR bands: n77, n78 and n79. These bands support all FR1 SCS values, i.e. 15, 30 and 60 kHz [2]. To avoid possible issues with simultaneous Tx/Rx in scenarios with SCS 30 and 60 kHz it is also important to align with LTE UL-DL configuration. In Figure 2 we illustrate proposed UL-DL configuration and corresponding HARQ timing for 30 kHz. Based on illustration it can be concluded that 8 HARQ processes is required and list of possible K1 values contains the following values: 2, 4, 6, 8.

	UL-DL pattern
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	HARQ timing

[image: image4.emf]DL

UL

UL DL DL DL DL DL DL DL

GP

UL

K1=8

K1=8

K1=6

K1=6

K1=4

K1=4

K1=2

K1=2



	Figure 2. UL-DL pattern and HARQ timing for FR1 SCS 30 kHz


FR1 + 60kHz SCS

In Figure 3 we illustrate UL-DL configuration and corresponding HARQ timing for SCS 60 kHz in case of alignment with LTE UL/DL configuration #2. Based on illustration it can be concluded that 16 HARQ processes is required and list of possible K1 values contains the following values: 3, 7, 11, 15. But based on current RAN1 and RAN2 status such long delay from PDSCH reception to ACK/NACK transmission is not supported yet:

· Note in 38.331 [5]: “In this version of the specification only the values [0..8] are applicable”
· RAN1 #92 agreement: “The default set of K1 slot-timing values to use is {1, 2, 3, 4, 5, 6, 7, 8}”. 
Taking into account all these observations, we cannot configure UL-DL NR pattern for 60 kHz case aligned with LTE UL-DL configuration #2. 
	UL-DL pattern
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	HARQ timing
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	Figure 3. UL-DL pattern and HARQ timing for FR1 SCS 60 kHz (alignment with LTE TDD configuration #2)


So, we have two possible options for TDD NR UL-DL configuration definition for SCS 60 kHz in FR1
· Option 1: Align with another LTE UL-DL configuration

· Option 2: Define another pattern (not aligned with LTE UL-DL configurations) with less number of HARQ processes and less delay between PDSCH reception and ACK/NACK transmission and further discus how to solve possible restrictions on simultaneous Tx/Rx processing for NSA scenarios.

As for Option 1, in Figure 4 we illustrate UL-DL configuration and corresponding HARQ timing for SCS 60 kHz in case of alignment with LTE UL/DL configuration #0. Based on illustration it can be concluded that 8 HARQ processes is required and list of possible K1 values contains the following values: 8.
	UL-DL pattern
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	HARQ timing
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	Figure 4. UL-DL pattern and HARQ timing for FR1 SCS 60 kHz (alignment with LTE TDD configuration #0)


As for Option 2, we suggest to align with UL-DL pattern for SCS 30 kHz and use same number of consecutive DL and UL slots (Figure 5). For these pattern maximum number of HARQ processes is equal 8 and list of possible K1 values contains the following [2, 4, 6, 8].
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	Figure 5. UL-DL pattern for FR1 SCS 60 kHz (with alignment with LTE TDD configuration)


Summary
In summary, we propose the following set of configurations for FR1 tests.

Proposal 1:
Use the following configurations for TDD FR1 REFSENS tests
	RRC Configuration
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
(Option 1)
	60 kHz SCS
(Option 2)

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	15 kHz
	15 kHz
	15 kHz
	30 kHz

	
	dl-UL-TransmissionPeriodicity
	ms5
	ms5
	ms5
	ms2p5

	
	nrofDownlinkSlots
	3
	3
	1
	3

	
	nrofDownlinkSymbols
	12
	12
	12
	12

	
	nrofUplinkSlots
	1
	1
	1
	1

	
	nrofUplinkSymbols
	1
	1
	3
	1

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	6
	8
	8
	8

	PUCCH-Config
	dl-DataToUL-ACK
	[2, 3, 4, 6]
	[2, 4, 6, 8]
	[8]
	[2, 4, 6, 8]


2.3 TDD configuration for FR2
For FR2 NR TDD configurations there is no need to align with LTE due to high frequency separation between the FR1 and FR2 and therefore the configurations can be selected independently. We suggest to define TDD UL/DL configuration for FR2 REFSENS tests which allows to configure up to 64 SSB. For FR2 SSB SCS can be equal to 120 kHz and 240 kHz [3]. For our proposal we try to reuse pattern from FR1 and adopt it for FR2. In Figure 5 we illustrate our proposal for FR2 UL-DL configurations for 60 and 120 kHz SCS. “SP” slot is slot with DL symbols, Gap and UL symbols. It can be observed that patterns for 60 and 120 kHz are aligned with patterns for 15 and 30 kHz, respectively, in terms of number of consecutive DL slots and UL slots. So, HARQ timing is same as for 15 and 30 kHz cases. 
	Illustration with slot level granularity
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	Illustration with symbol level granularity
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	Figure 6. UL-DL pattern for FR2


Proposal 2:
Use the following configurations for TDD FR2 REFSENS tests
	RRC Configuration
	60 kHz SCS
	120 kHz SCS

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	60 kHz
	60 kHz

	
	dl-UL-TransmissionPeriodicity
	ms1p25
	ms1p25

	
	nrofDownlinkSlots
	3
	3

	
	nrofDownlinkSymbols
	12
	12

	
	nrofUplinkSlots
	1
	1

	
	nrofUplinkSymbols
	1
	1

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	6
	8

	PUCCH-Config
	dl-DataToUL-ACK
	[2, 3, 4, 6]
	[2, 4, 6, 8]


3. Conclusions
In this contribution we provide our views on the REFSENS SNR test configuration. In summary we make the following proposals:
Proposal 1:
Use the following configurations for TDD FR1 REFSENS tests
	RRC Configuration
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
(Option 1)
	60 kHz SCS
(Option 2)

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	15 kHz
	15 kHz
	15 kHz
	30 kHz

	
	dl-UL-TransmissionPeriodicity
	ms5
	ms5
	ms5
	ms2p5

	
	nrofDownlinkSlots
	3
	3
	1
	3

	
	nrofDownlinkSymbols
	12
	12
	12
	12

	
	nrofUplinkSlots
	1
	1
	1
	1

	
	nrofUplinkSymbols
	1
	1
	3
	1

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	6
	8
	8
	8

	PUCCH-Config
	dl-DataToUL-ACK
	[2, 3, 4, 6]
	[2, 4, 6, 8]
	[8]
	[2, 4, 6, 8]


Proposal 2:
Use the following configurations for TDD FR2 REFSENS tests
	RRC Configuration
	60 kHz SCS
	120 kHz SCS

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	60 kHz
	60 kHz

	
	dl-UL-TransmissionPeriodicity
	ms1p25
	ms1p25

	
	nrofDownlinkSlots
	3
	3

	
	nrofDownlinkSymbols
	12
	12

	
	nrofUplinkSlots
	1
	1

	
	nrofUplinkSymbols
	1
	1

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	6
	8

	PUCCH-Config
	dl-DataToUL-ACK
	[2, 3, 4, 6]
	[2, 4, 6, 8]
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