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1. Introduction
There are currently no default UL TDD RMC definitions really compatible for intra-band EN-DC in TS 38.101-1 [1] or TS 38.101-3 [2], this has an impact on all the test cases where the TDD configuration is necessary along with the intra-band EN-DC setting. This may lead to different implementations of the test cases for intra-band EN-DC case due to different interpretation of the TS 38.101-1 [1] and other related specifications.
This aim of this contribution is to highlight the issue by explaining the status and propose two solutions to solve the issue.
2. Discussion
[bookmark: _Ref110934979]2.1. Current issue
For contiguous and non-contiguous intra-band EN-DC in TDD, the implicit assumption for intra-band is that a UE can only transmit or receive a combined LTE/NR signal at a given time instant, this using one TRx path common to both RATs. That implies in normal operation and in testing as when using TDD RMC for intra-band for intra-band EN-DC:
· an alignment of actual LTE downlink slots and NR downlink slots.
· an alignment of actual LTE uplink slots and NR uplink slots.
The extract below from the TS 38.101-3 [2] sub-clause 4.2 agrees with that:
· “e)  All the requirements for intra-band contiguous and non-contiguous EN-DC apply under the assumption of the same uplink-downlink and special subframe configurations in the E-UTRA and slot format indicated by UL-DL-configurationCommon and UL-DL-configurationDedicated in the NR for the EN-DC.”
However it is not reflected in TS 38.101-3 [2] and TS 38.101-1 [1] as shown in Table 1, there is currently a misalignment between the E-UTRA “Uplink-downlink configuration” and NR “TDD Slot Configuration pattern” specified respectively in Table A.2.2.1.1-1 of the 38.101-3 [2] and Table A.3.3.1-1 of the 38.101-1 [1] : for several subframes of a frame, the two RATs use different links as highlighted in yellow (it could even be extended to the case of subframes using a special subframe S).
[bookmark: _Ref110862106]Table 1: Misalignment of uplink and downlink subframes between E-UTRA and NR
	RAT
	Subframe number
	Remark

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	

	E-UTRA
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	E-UTRA TDD Uplink-Downlink Configuration #2

	NR
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	TDD Slot Configuration pattern for 15kHz SCS



[bookmark: _GoBack]The demonstration of this misalignment follows from “Table A.2.2.1.1-1: Reference Channels for QPSK with full RB allocation” of the 38.101-3 [2], where is shown the use of E-UTRA TDD Uplink-Downlink Configuration #2 (with the use of Special subframe configuration #7) which is defined as having a 10ms frame made up of the concatenation of twice the 5-SF {D, S, U, D, D} as shown in Table 4.2-2 of TS 36.211 [3]. Full UL subframes are allocated to subframe #2 and #7 of the 10ms frame.
Other tables in 38.101-3 [2] give the same indication of Uplink-Downlink Configuration #2 in section “A.2 UL reference measurement channels for E-UTRA TDD Config 2” and section “A.3 DL reference measurement channels for E-UTRA”.
[bookmark: _Ref110931375][bookmark: _Hlk110970968]Table 2: "Table A.2.2.1.1-1: Reference Channels for QPSK with full RB allocation" from 38.101-3 [2] showing the use of E-UTRA TDD Uplink-Downlink Configuration #2
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	50
	75
	100

	Uplink-Downlink Configuration (NOTE 2)
	
	2
	2
	2
	2
	2
	2

	Special subframe configuration (NOTE 3)
	
	7
	7
	7
	7
	7
	7

	DFT-OFDM Symbols per Sub-Frame
	
	12
	12
	12
	12
	12
	12

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding rate
	
	1/3
	1/3
	1/3
	1/3
	1/5
	1/6

	Payload size
	
	
	
	
	
	
	

	  For Sub-Frame 2,7
	Bits
	600
	1544
	2216
	5160
	4392
	4584

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of code blocks per Sub-Frame (NOTE 1)
	
	
	
	
	
	
	

	  For Sub-Frame 2,7
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frame 2,7
	Bits
	1728
	4320
	7200
	14400
	21600
	28800

	Total symbols per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frame 2,7
	
	864
	2160
	3600
	7200
	10800
	14400

	UE Category
	
	≥ 1
	≥ 1
	≥ 1
	≥ 1
	≥ 1
	≥ 1

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
NOTE 2:	As per Table 4.2-2 in TS 36.211 [7]
NOTE 3:	As per Table 4.2-1 in TS 36.211 [7]



Table 3: “Table 4.2-2: Uplink-downlink configurations” from the TS 36.211[3] – Uplink-downlink configuration #2 is highlighted in yellow corresponding to NOTE 2 of Table 2
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



Whereas as show in Table A.3.3.1-1 Additional reference channels parameters for TDD of the TS 38.101-1 [1] and taking the simplest case of NR 15kHz SCS, the TDD Slot Configuration pattern is {D, D, D, S, U}, full UL subframes are allocated to subframe #4 and #9 of a 10ms frame considering the concatenation of twice that pattern.


Table 4: “Table A.3.3.1-1 Additional reference channels parameters for TDD” from the TS 38.101-1 [1]
	Parameter
	Value

	
	SCS 15 kHz (µ=0)
	SCS 30 kHz (µ=1)
	SCS 60 kHz (µ=2)

	TDD Slot Configuration pattern (Note 1)
	DDDSU
	7DS2U
	14DS1S24U

	Special Slot Configuration (Note 2)
	10D+2G+2U
	6D+4G+4U
	S1=12D+2G, S2=6G+8U

	referenceSubcarrierSpacing
	15 kHz
	30 kHz
	60 kHz

	UL-DL configuration
	dl-UL-TransmissionPeriodicity
	5 ms
	5 ms
	5 ms

	
	nrofDownlinkSlots
	3
	7
	14

	
	nrofDownlinkSymbols
	10
	6
	12

	
	nrofUplinkSlot
	1
	2
	4

	
	nrofUplinkSymbols
	2
	4
	8

	Number of HARQ Processes
	8
	8
	16

	The number of slots between PDSCH and corresponding HARQ-ACK information (Note 3)
	K1 = 4 if mod(i,5) = 0
K1 = 3 if mod(i,5) = 1
K1 = 2 if mod(i,5) = 2
where i is slot index per frame; i = {0,…,9}
	K1 = 8 if mod(i,10) = 0
K1 = 7 if mod(i,10) = 1
K1 = 6 if mod(i,10) = 2
K1 = 5 if mod(i,10) = 3
K1 = 4 if mod(i,10) = 4
K1 = 3 if mod(i,10) = 5
K1 = 2 if mod(i,10) = 6
where i is slot index per frame; i = {0,…,19}
	
K1 = 13 if mod(i,20) = 2
K1 = 12 if mod(i,20) = 3
K1 = 11 if mod(i,20) = 4
K1 = 10 if mod(i,20) = 5
K1 = 9 if mod(i,20) = 6
K1 = 8 if mod(i,20) = 7
K1 = 7 if mod(i,20) = 8
K1 = 6 if mod(i,20) = 9
K1 = 6 if mod(i,20) = 10
K1 = 6 if mod(i,20) = 11
K1 = 6 if mod(i,20) = 12
K1 = 6 if mod(i,20) = 13
where i is slot index per frame; i = {0,…,39}

	NOTE 1:	D denotes a slot with all DL symbols; S denotes a slot with a mix of DL, UL and guard symbols; U denotes a slot with all UL symbols. The field is for information.
NOTE 2:	D, G, U denote DL, guard and UL symbols, respectively. The field is for information.
NOTE 3:	i is the slot index per frame.




Observation 1: The misalignment of UL/DL slots between the E-UTRA “Uplink-downlink configuration” and NR “TDD Slot Configuration pattern” specified respectively in Table A.2.2.1.1-1 of the 38.101-3 [2] and Table A.3.3.1-1 of the 38.101-1 [1] makes the use of a single UE TRx path for both RATs when in TDD intra-band EN-DC not possible.
Observation 2: TS 38.101-1 [1] does not mention if a frame offset can be applied to NR frame for it to be synchronized with the E-UTRA frame in terms of UL/DL slots.
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2.2. Solution 1: New UL-DL configuration based on TS 38.133 [4].
As shown in 2.1. Current issue, there is a mismatch between the NR frame and E-UTRA frame proposed and specified in 38.101-1 [1] for TDD intra-band EN-DC. One solution is to find compatible E-UTRA “Uplink-downlink configuration” and NR “TDD Slot Configuration pattern”. As shown in Figure 1 and Figure 2, the TS 38.133 [4] does have such compatibility between:
· TDD uplink-downlink configuration #1 is ‘DSUUD’ (with S=9:3:2) proposed in “Table A.3.7.2.1-1: E-UTRAN cell specific test parameters for tests with all NR cells in FR1” of 38.133 [4].
· TDD UL/DL pattern 1 is ‘DSUU’ (with S=’10DL:2GP:2UL’) and TDD UL/DL pattern 2 is ‘D’ proposed in “Table A.3.1.4-1: TDD UL/DL configuration for SCS=15kHz” of 38.133 [4], the concatenation of both patterns resulting to the pattern ‘DSUUD’ (with S=’10DL:2GP:2UL’).
· TDD UL/DL pattern 1 is ‘3D1S4U’ (with S=’6DL:4GP:4UL’) and TDD UL/DL pattern 2 is ‘DD’ proposed in “Table A.3.1.4-2: TDD UL/DL configuration for SCS=30kHz” of 38.133 [4], the concatenation of both patterns resulting to the pattern ‘3D1S4UDD’ (with S=’6DL:4GP:4UL’).
· TDD UL/DL pattern is ‘DDDSU’ (with S=’10DL:2GP:2UL’) proposed in “Table A.3.1.4-3: TDD UL/DL configuration for SCS=60kHz” of 38.133 [4].
[bookmark: _Hlk110937031]Regarding the NR 15kHz SCS, it must be noted that contrary to the current patterns in TS 38.101-1 [1] which has a DL/UL ratio of 3/1, the DL/UL ratio is 2/2 for the patterns specified in 38.133 [4].
[image: ]
[bookmark: _Ref110937228]Figure 1-NR 15kHz SCS
[image: ]
[bookmark: _Ref110937241]Figure 2-NR 30kHz SCS
Observation 3: Regarding the NR 15kHz SCS, it must be noted that contrary to the current patterns in TS 38.101-1 [1] which has a DL/UL ratio of 3/1, the DL/UL ratio is 2/2 for the patterns specified in TS38.133 [4].
Option 1: Use in TS 38.101-3 [2] the compatible E-UTRA TDD uplink-downlink configuration #1 and NR TDD UL/DL patterns (SCS of 15kHz, 30kHz and 60kHz) already used in TS 38.133 [4].

2.3. Solution 2: Configure NR with some time delay
[bookmark: _Hlk110970629]Starting from the NR frame and E-UTRA frame proposed and specified in 38.101-1 for TDD intra-band EN-DC, another solution is possible which consists simply to apply a time offset to the NR “TDD Slot Configuration pattern”. relative the E-UTRA “Uplink-downlink configuration”. 
As can be seen in Figure 3, Figure 4 and Figure 5 by applying a -2ms or +3ms time offset to the NR configuration pattern relative to the E-UTRA UL-DL configuration, both RATs use at the same slot time the same link (or DL slot happens with a Gap slot).
That solution is already in use TS 38.521-3 [5] like in sub-clause 6.2B.1.1.4 and it mentioned in several reports from different authorities.

[image: ]
[bookmark: _Ref110944553]Figure 3-NR 15kHz SCS

[image: ]
[bookmark: _Ref110944559]Figure 4-NR 30kHz SCS
[image: ]
[bookmark: _Ref110944568]Figure 5-NR 60kHz SCS
Observation 4: By applying a -2ms or +3ms time offset to the NR configuration pattern (specified in 38.101-3 [2]) relative to the E-UTRA UL-DL configuration (specified in 38.101-3 [2]), both RATs use at the same slot time the same link (or DL slot happens with a Gap slot) which allows correction operation in TDD Intra-band EN-DC.
Observation 5: Solution #2 is in use already in testing or in the field.
Option 2: Specify in TS 38.101-3 [2] (please see Annex A of this contribution for possible update of TS) the need to apply a +3ms time offset to the NR “TDD Slot Configuration pattern” relative the E-UTRA “Uplink-downlink configuration” for TDD Intra-band EN-DC.



3. Conclusion
It was shown that an issue exists in 38.101-1 an 38.101-3, which may haves led to different interpretations.
Based on the discussion above, we propose the following:
Observation 1: The misalignment of UL/DL slots between the E-UTRA “Uplink-downlink configuration” and NR “TDD Slot Configuration pattern” specified respectively in Table A.2.2.1.1-1 of the 38.101-3 and Table A.3.3.1-1 of the 38.101-1 makes the use of a single UE TRx path for both RATs when in TDD intra-band EN-DC not possible.
Observation 2: TS 38.101-1 does not mention if a frame offset can be applied to NR frame for it to be synchronized with the E-UTRA frame in terms of UL/DL slots.
Observation 3: Regarding the NR 15kHz SCS, it must be noted that contrary to the current patterns in TS 38.101-1 which has a DL/UL ratio of 3/1, the DL/UL ratio is 2/2 for the patterns specified in TS38.133.
Observation 4: By applying a -2ms or +3ms time offset to the NR configuration pattern (specified in 38.101-3) relative to the E-UTRA UL-DL configuration (specified in 38.101-3), both RATs use at the same slot time the same link (or DL slot happens with a Gap slot) which allows correction operation in TDD Intra-band EN-DC.
Observation 5: Solution #2 is in use already in testing or in the field.
Proposal 1: Choose one of the following options to solve the identified issue:
· Option 1: Use in TS 38.101-3 the compatible E-UTRA TDD uplink-downlink configuration #1 and NR TDD UL/DL patterns (SCS of 15kHz, 30kHz and 60kHz) already used in TS 38.133.
· Option 2: Specify in TS 38.101-3 (please see Annex A of this contribution for possible update of TS) the need to apply a +3ms time offset to the NR “TDD Slot Configuration pattern” relative the E-UTRA “Uplink-downlink configuration” for TDD Intra-band EN-DC.
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Annex A - Add annex A.4.1 of 38.101-3

[bookmark: _Toc83193132][bookmark: _Toc76508231][bookmark: _Toc75469741][bookmark: _Toc67913924][bookmark: _Toc61357055][bookmark: _Toc53172290][bookmark: _Toc45887553][bookmark: _Toc37255528][bookmark: _Toc37254885][bookmark: _Toc29799661][bookmark: _Toc29770162][bookmark: _Toc21343196]A.4.1	DL reference measurement channels for TDD
[bookmark: _Toc83193133][bookmark: _Toc76508232][bookmark: _Toc75469742][bookmark: _Toc67913925][bookmark: _Toc61357056][bookmark: _Toc53172291][bookmark: _Toc45887554][bookmark: _Toc37255529][bookmark: _Toc37254886][bookmark: _Toc29799662][bookmark: _Toc29770163][bookmark: _Toc21343197]A.4.1.1	General
Table A.4.1.1-1 Additional reference channels parameters for TDD
	Parameter
	Value

	
	SCS 15 kHz (µ=0)
	SCS 30 kHz (µ=1)
	SCS 60 kHz (µ=2)

	TDD Slot Configuration pattern (Note 1, Note 4)
	DDDSU
	7DS2U
	14DS1S24U

	Special Slot Configuration (Note 2)
	10D+2G+2U
	6D+4G+4U
	S1=12D+2G, S2=6G+8U

	referenceSubcarrierSpacing
	15 kHz
	30 kHz
	60 kHz

	UL-DL configuration
	dl-UL-TransmissionPeriodicity
	5 ms
	5 ms
	5 ms

	
	nrofDownlinkSlots
	3
	7
	14

	
	nrofDownlinkSymbols
	10
	6
	12

	
	nrofUplinkSlot
	1
	2
	4

	
	nrofUplinkSymbols
	2
	4
	8

	Number of HARQ Processes
	8
	8
	16

	The number of slots between PDSCH and corresponding HARQ-ACK information (Note 3)
	K1 = 4 if mod(i,5) = 0
K1 = 3 if mod(i,5) = 1
K1 = 2 if mod(i,5) = 2
where i is slot index per frame; i = {0,…,9}
	K1 = 8 if mod(i,10) = 0
K1 = 7 if mod(i,10) = 1
K1 = 6 if mod(i,10) = 2
K1 = 5 if mod(i,10) = 3
K1 = 4 if mod(i,10) = 4
K1 = 3 if mod(i,10) = 5
K1 = 2 if mod(i,10) = 6
where i is slot index per frame; i = {0,…,19}
	
K1 = 13 if mod(i,20) = 2
K1 = 12 if mod(i,20) = 3
K1 = 11 if mod(i,20) = 4
K1 = 10 if mod(i,20) = 5
K1 = 9 if mod(i,20) = 6
K1 = 8 if mod(i,20) = 7
K1 = 7 if mod(i,20) = 8
K1 = 6 if mod(i,20) = 9
K1 = 6 if mod(i,20) = 10
K1 = 6 if mod(i,20) = 11
K1 = 6 if mod(i,20) = 12
K1 = 6 if mod(i,20) = 13
where i is slot index per frame; i = {0,…,39}

	NOTE 1:	D denotes a slot with all DL symbols; S denotes a slot with a mix of DL, UL and guard symbols; U denotes a slot with all UL symbols. The field is for information.
NOTE 2:	D, G, U denote DL, guard and UL symbols, respectively. The field is for information.
NOTE 3:	i is the slot index per frame.
NOTE 4:	A -2ms or +3ms time offset to the NR configuration pattern relative to the E-UTRA UL-DL configuration must be apply in the TDD intra-band EN-DC.
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NR 15kHz - DSUU (pattern 1) with S=10DL:2GP:2UL & D (pattern 2) - Table A.3.1.4-1 of TS38.133
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NR 30kHz - 3D1S4U (pattern 1) with S=6DL:4GP:4UL & DD (pattern 2) - Table A.3.1.4-1 of TS38.133
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