3GPP TSG-RAN WG4#86Bis Meeting                                                                 R4-1804320
Melbourne , Aus., 16 April – 20 April, 2018
Source:
LG Electronics

Title:
Discussion on MRTD and MTTD for NR CA
Agenda item:
7.9.9.2
Document for:
Discussion
1 Introduction
This contribution discusses MRTD and MTTD for  NR CA.
2 Discussion
In the last RAN4#86 meeting, MRTD and MTTD for EN-DC were agreed, however MRTD for NR CA was not agreed. Table below summarized companies’ proposals for MRTD in NR CA.

· Inter-band NR CA
	Companies
	DL SCS (kHz)
	MRTD FR1 (µs)
	MRTD FR2 (µs)
	MRTD FR1+FR2 or mixed SCS (µs)

	CATT
	15
	33
	N.A.
	33

	
	30
	33
	N.A.
	

	
	60
	33
	33
	

	
	120
	N.A.
	33
	

	Intel
	15
	33
	N.A.
	33

	
	30
	16.5
	N.A.
	

	
	60
	8.25
	8.25
	

	
	120
	 N.A.
	4.13
	

	Qualcomm
	15
	30.26
	N.A.
	30.26

	
	30
	15.13
	N.A.
	

	
	60
	7.57
	7.57
	

	
	120
	 N.A.
	3.78
	

	Ericsson
	15
	33
	N.A.
	33

	
	30
	33
	N.A.
	

	
	60
	33
	8
	

	
	120
	N.A.
	8
	


· Intra-band non-contiguous CA

	Companies
	DL SCS (kHz)
	MRTD FR1 (µs)
	MRTD FR2 (µs)
	MRTD mixed SCS (µs)

	CATT
	15
	33
	N.A.
	33
(independent of SCS)

	
	30
	16.5
	N.A.
	

	
	60
	8.25
	8.25
	

	
	120
	N.A.
	4.12
	

	Intel
	15
	33
	N.A.
	-

	
	30
	16.5
	N.A.
	-

	
	60
	8.25
	8.25
	-

	
	120
	 N.A.
	4.13
	-

	Qualcomm
	15
	Transmitters should be collocated since all intra-band CCs will be using the same Rx-beam.

	
	30
	

	
	60
	

	
	120
	

	Ericsson
	15
	33
	N.A.
	-

	
	30
	33
	N.A.
	-

	
	60
	33
	8
	-

	
	120
	N.A.
	8
	-


Here, we need to check TAE and propagation delay difference for defining MRTD. 

For TAE, RAN4 RF agreed for inter-band NR CA, intra-band non-contiguous NR CA and intra-band contiguous NR CA as follows. The agreement should be considered.

· For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3µs. 
· For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3µs. 
· For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.

For propagation delay difference, NR cell range for FR1 and FR2 should be considered.  NR cell range for FR1 is same as LTE cell range so that propagation delay difference can be reused with 30us. For FR2, regarding small cell range, 5us can be considered. These values are available only for non-collocated scenarios.  Like LTE CA case, our understanding is that inter-band NR CA and intra-band non-contiguous  NR CA are non-collocated scenario, and intra-band contiguous NR CA is collocated scenario. For intra-band contiguous NR CA, MRTD is not necessary to be specified since it is duplicated TAE requirement.
Based on the TAE and propagation delay difference, corresponding MRTD can be defined.

· For inter-band NR CA
· For FR1 : MRTD = 33µs 
· For FR2 : MRTD = 8 µs
· For mixed FR1 & FR2 : MRTD = 33 µs
· For intra-band non-contiguous NR CA
· For FR1 : MRTD = 33µs 
· For FR2 : MRTD = 8 µs 
The MRTD requirements should be applied for when one SCell is configured and when multiple SCells are configured. 

For NR CA MTTD, the requirement is not necessary for intra-band contiguous NR CA since it is meaningless regarding simultaneous transmission, however it is necessary for intra-band non-contiguous NR CA and inter-band NR CA like LTE CA. The MTTD can be addressed by adding 2.21 µs to MRTD like EN-DC.

· For inter-band NR CA
· For FR1 : MTTD = 35.21µs 
· For FR2 : MTTD = 10.21 µs
· For mixed FR1 & FR2 : MTTD = 35.21 µs
· For intra-band non-contiguous NR CA
· For FR1 : MTTD = 35.21µs 
· For FR2 : MTTD = 10.21 µs 
In addition to MTTD, like LTE CA, related UE behaviour needs to be specified if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle. The UE behaviour can reuse LTE CA with only replacement of MTTD. 
In LTE CA, related requirement is specified in 7.9 as follows.

	7.9
Maximum Transmission Timing Difference in Carrier Aggregation

7.9.1
Introduction

A UE shall be capable of handling a relative received time difference between the PCell and SCell to be aggregated in inter-band CA and intra-band non-contiguous CA. 

7.9.2
Minimum Requirements for Interband Carrier Aggregation

The UE shall be capable of handling at least a relative received timing difference between the subframe timing boundaries of the signals received from the PCell and the SCell at the UE receiver of up to 30.26 µs when one SCell is configured.

When two, three, or four SCells are configured, the UE shall be capable of handling at least a relative propagation delay difference between the subframe timing boundaries of the signals received from any pair of the serving cells (PCell and the SCells) at the UE receiver of up to 30.26 µs.

The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and the sTAG of at least 32.47µs provided that the UE is:

-
configured with inter-band CA and

-
configured with the pTAG and the sTAG,

A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle as specified above.

The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and any of the two sTAGs or between the two sTAGs of at least 32.47µs provided that the UE is:

-
configured with inter-band CA and

-
configured with the two sTAGs,

A UE configured with two sTAGs may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between SCell in one sTAG and SCell in other sTAG exceeds the maximum value the UE can handle as specified above.

7.9.3
Minimum Requirements for Intraband non-contiguous Carrier Aggregation

The UE shall be capable of handling at least a relative received timing difference between the subframe timing boundaries of the signals received from the PCell and the SCell at the UE receiver of up to 30.26 µs.

The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and the sTAG of at least 32.47µs provided that the UE is:

-
configured with intra-band non-contiguous CA and

-
configured with the pTAG and the sTAG,

A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle  as specified above.


Proposal 1: For inter-band NR CA, define MRTD with 33µs for FR1, 8µs for FR2 and 33µs for mixed FR1 and FR2.

Proposal 2: For intra-band non-contiguous NR CA, define MRTD with 33µs for FR1 and 8µs for FR2.

Proposal 3: For intra-band contiguous NR CA, don not define MRTD for FR1 and FR2.

Proposal 4: For inter-band NR CA, define MTTD with 35.21µs for FR1, 10.21µs for FR2 and 35.21µs for mixed FR1 and FR2.

Proposal 5: For intra-band non-contiguous NR CA, define MTTD with 35.21µs for FR1 and 10.21µs for FR2.

Proposal 6: For intra-band contiguous NR CA, don not define MTTD for FR1 and FR2.

Proposal 7: Define UE behaviour related to NR CA MTTD for inter-band NR CA and intra-band non-contiguous NR CA.

MRTD for NR CA

	
	DL SCS (kHz)
	FR1 (µs)
	FR2 (µs)
	Mixed FR1+FR2  (µs)

	Inter-band NR CA
	15
	33
	N.A.
	33

	
	30
	33
	N.A.
	

	
	60
	33
	8
	

	
	120
	N.A.
	8
	

	Intra-band non-contiguous  NR CA
	15
	33
	N.A.
	N.A.

	
	30
	33
	N.A.
	

	
	60
	33
	8
	

	
	120
	 N.A.
	8
	


MTTD for NR CA

	
	DL SCS (kHz)
	FR1 (µs)
	FR2 (µs)
	Mixed FR1+FR2  (µs)

	Inter-band NR CA
	15
	35.21
	N.A.
	35.21

	
	30
	35.21
	N.A.
	

	
	60
	35.21
	10.21
	

	
	120
	N.A.
	10.21
	

	Intra-band non-contiguous  NR CA
	15
	35.21
	N.A.
	N.A.

	
	30
	35.21
	N.A.
	

	
	60
	35.21
	10.21
	

	
	120
	 N.A.
	10.21
	


Based on the proposed MRTD, MTTD and UE behaviour, draft CR is as follows.

==================================== Start draft CR=====================================
7.5
Maximum Transmission Timing Difference 

7.5.1
Introduction

A UE shall be capable of handling a relative transmission timing difference between subframe timing boundary of E-UTRA PCell and slot timing boundaries of PSCell to be aggregated EN-DC.

A UE shall be capable of handling a relative transmission timing difference between slot timing boundary of different carriers to be aggregated in inter-band NR CA and intra-band non-contiguous NR CA.
7.5.2
Minimum Requirements for inter-band EN-DC 
The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1. The requirements for asynchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA FDD- NR FDD, E-UTRA FDD-NR TDD and E-UTRA TDD-NR FDD inter-band asynchronous EN-DC.

Table 7.5.2-1 Maximum uplink transmission timing difference requirement for asynchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120Note1
	62.5

	Note1 :     For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.


The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-2 provided that the UE indicates that it is capable of synchronous EN-DC [16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD-NR TDD, E-UTRA TDD-NR FDD and E-UTRA FDD-NR TDD inter-band EN-DC.

Table 7.5.2-2 Maximum uplink transmission timing difference requirement for inter-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	35.21

	15
	30
	35.21

	15
	60
	35.21

	15
	120 Note1
	35.21

	Note 1: For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.


7.5.3
Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only collocated deployment is applied.
The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1 provided the UE indicates that it is capable of asynchronous EN-DC  [16]. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band asynchronous EN-DC. 

No uplink transmission timing difference is applicable for synchronous EN-DC.

7.5.4
Minimum Requirements for inter-band NR CA 
The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and the sTAG of at least 35.21µs for FR1, 10.21µs for FR2 and 35.21µs for mixed FR1 and FR2 provided that the UE is:

-
configured with inter-band CA and

-
configured with the pTAG and the sTAG,

A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle as specified above.

The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and any of the two sTAGs or between the two sTAGs of at least 35.21µs for FR1, 10.21µs for FR2 and 35.21µs for mixed FR1 and FR2 provided that the UE is:

-
configured with inter-band CA and

-
configured with the two sTAGs,

A UE configured with two sTAGs may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between SCell in one sTAG and SCell in other sTAG exceeds the maximum value the UE can handle as specified above.
7.5.5
Minimum Requirements for intra-band non-contiguous NR CA 
The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and the sTAG of at least 35.21µs for FR1and 10.21µs for FR2 provided that the UE is:

-
configured with inter-band CA and

-
configured with the pTAG and the sTAG,

A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle as specified above.

The UE shall be capable of handling a maximum uplink transmission timing difference between the pTAG and any of the two sTAGs or between the two sTAGs of at least 35.21µs for FR1 and 10.21µs for FR2 provided that the UE is:

-
configured with inter-band CA and

-
configured with the two sTAGs,

A UE configured with two sTAGs may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between SCell in one sTAG and SCell in other sTAG exceeds the maximum value the UE can handle as specified above.
7.6   Maximum Receive Timing Difference 

7.6.1
Introduction

A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of E-UTRA PCell and slot timing boundaries of PSCell to be aggregated for EN-DC.

A UE shall be capable of handling a relative receive timing difference between slot timing boundary of different carriers to be aggregated in inter-band NR CA and intra-band non-contiguous NR CA.

7.6.2
Minimum Requirements for inter-band EN-DC
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-1. The requirements for asynchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA FDD- NR FDD, E-UTRA FDD- NR TDD and E-UTRA TDD- NR FDD inter-band EN-DC.

Table 7.6.2-1 Maximum receive timing difference requirement for asynchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing  in PSCell (kHz)Note1
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120
	62.5

	Note1 :     DL Sub-carrier spacing is min{SCSSS, SCSDATA}. 
Note2 :     For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.


The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-2 provided that the UE indicates that it is capable of synchronous EN-DC[16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA TDD- NR FDD and E-UTRA FDD- NR TDD inter-band EN-DC.

Table 7.6.2-2 Maximum receive timing difference requirement for inter-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz)Note1
	Maximum receive timing difference (µs)

	15
	15
	33

	15
	30
	

	15
	60
	

	15
	120
	

	Note1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
Note2:      For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.


7.6.3
Minimum Requirements for intra-band EN-DC

For intra-band EN-DC, only collocated deployment is applied.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.2-1 provided the UE indicates that it is capable of asynchronous EN-DC [16]. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC.  

The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.3-1 provided the UE indicates that it is only capable of synchronous EN-DC [16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD- NR TDD and E-UTRA FDD- NR FDD intra-band EN-DC.

Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	Note1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.


7.6.4
Minimum Requirements for inter-band NR CA
The UE shall be capable of handling at least a relative received timing difference between the slot timing boundaries of the signals received from the PCell and the SCell at the UE receiver of up to 33µs for FR1, 8µs for FR2 and 33µs for mixed FR1 and FR2 when one SCell is configured.

When multiple SCells are configured, the UE shall be capable of handling at least a relative propagation delay difference between the slot timing boundaries of the signals received from any pair of the serving cells (PCell and the SCells) at the UE receiver of up to 33µs for FR1, 8µs for FR2 and 33µs for mixed FR1 and FR2.
7.6.5
Minimum Requirements for intra-band non-contiguous NR CA
The UE shall be capable of handling at least a relative received timing difference between the slot timing boundaries of the signals received from the PCell and the SCell at the UE receiver of up to 33µs for FR1 and 8µs for FR2 when one SCell is configured.

When multiple SCells are configured, the UE shall be capable of handling at least a relative propagation delay difference between the slot timing boundaries of the signals received from any pair of the serving cells (PCell and the SCells) at the UE receiver of up to 33µs for FR1 and 8µs for FR2.
==================================== End draft CR=====================================

3 Conclusion
We provided our views on MRTD , MTTD and UE behavior related to MTTD for NR CA. Based on the views, we proposed as follows.

Proposal 1: For inter-band NR CA, define MRTD with 33µs for FR1, 8µs for FR2 and 33µs for mixed FR1 and FR2.

Proposal 2: For intra-band non-contiguous NR CA, define MRTD with 33µs for FR1 and 8µs for FR2.

Proposal 3: For intra-band contiguous NR CA, don not define MRTD for FR1 and FR2.

Proposal 4: For inter-band NR CA, define MTTD with 35.21µs for FR1, 10.21µs for FR2 and 35.21µs for mixed FR1 and FR2.

Proposal 5: For intra-band non-contiguous NR CA, define MTTD with 35.21µs for FR1 and 10.21µs for FR2.

Proposal 6: For intra-band contiguous NR CA, don not define MTTD for FR1 and FR2.

Proposal 7: Define UE behaviour related to NR CA MTTD for inter-band NR CA and intra-band non-contiguous NR CA.

Based on the proposals,  draft CR was provided.
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