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1. Introduction

In RAN4#92, RRM requirements for support of asynchronous NR-DC are discussed. The following agreements are captured in the approved WF [1].
	· Support of asynchronous and synchronous NR-NR Dual Connectivity:
· Background:
· Agreements (RAN4#92): 
· RAN4 defines UE requirements for asynchronous inter-band NR-DC
· RAN4 specifies RRM requirements for deployments aligned with agreed band combinations in RF session

· at least if needed RAN4 specifies the following requirements for Rel-16 NR-DC, including MTTD/MRTD, Interruption, PSCell addition, Measurement gap interruption, and SFTD
· Way Forward: 
· NR-DC is covered according to WI in RP-191600
· Analyse necessary changes and proposed requirements


In this paper we will provide further analysis on the RRM requirements for support of asynchronous NR-DC.
2. Discussion
In RAN4#92, it is agreed that 

	· RAN4 defines UE requirements for asynchronous inter-band NR-DC
· RAN4 specifies RRM requirements for deployments aligned with agreed band combinations in RF session


In Rel-15, all NR-DC band combinations defined by RF session are FR1-FR2 NR-DC, with MCG fully in FR1 and SCG fully in FR2. According to our understanding, there is no NR-DC band combination defined or requested for other deployment scenarios in RF session in Rel-16. Therefore, RAN4 should focus the on the Rel-15 deployment scenarios. 

Proposal 1: RAN4 to focus on Rel-15 NR-DC deployment scenario (MCG fully in FR1 and SCG fully in FR2) unless band combination for other deployment scenarios is defined RF session. 
In our previous paper in RAN4#92 [2], we have analysed the impact of asynchronous NR-DC and identified existing NR-DC related requirements which will be impacted. Next, we will elaborate the new requirements or updates to existing requirements needed to support asynchronous NR-DC.
2.1. MTTD/MRTD
MTTD/MRTD requirements for NR-DC are defined in section 7.5 and 7.6 in 38.133.
	7.5.6
Minimum Requirements for inter-band NR-NR DC
The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as shown in Table 7.5.6-1 provided that the UE indicates that it is capable of synchronous NR-NR DC [16].
Table 7.5.6-1: Maximum transmission timing difference requirement for inter-band NR-NR synchronous dual connectivity

Frequency Range

Maximum transmission timing difference (µs) 

PCell

PSCell

FR1

FR2

34.1

7.6.6
Minimum Requirements for inter-band NR DC
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.6.6-1 provided that the UE indicates that it is capable of synchronous NR-NR DC [16].
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band NR-NR synchronous dual connectivity
Frequency Range

Maximum receive timing difference (µs) 

Cell in MCG

Cell in SCG

FR1

FR2

33




Clearly, the MTTD and MRTD for asynchronous NR-DC need to be added. Similar as for asynchronous EN-DC or NE-DC, the time difference between PCell and PSCell that UE may experience can be up to half the slot length with respect to the larger SCS of the MCG and SGC cells. 
Proposal 2: MTTD/MRTD for asynchronous NR-DC is defined as half the slot length with respect to the larger SCS of the MCG and SGC cells.

The proposal can be translated into Table 1 for MTTD and Table 2 for MRTD, where the two tables are in the same structure as for inter-band EN-DC.

Table 1: suggested MTTD requirements for asynchronous NR-DC

	UL Sub-carrier spacing for data in PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	60
	125

	15
	120
	62.5

	30
	60
	125

	30
	120
	62.5

	60
	60
	125

	60
	120
	62.5


Table 2: suggested MRTD requirements for asynchronous NR-DC
	DL Sub-carrier spacing of cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) 
	Maximum receive timing difference (µs)

	15
	60
	500

	15
	120
	250

	30
	60
	125

	30
	120
	62.5

	60
	60
	125

	60
	120
	62.5

	NOTE 1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.


2.2. Interruption

The interruption requirements for NR-DC are defined in section 8.2.4 of 38.133. All the interruption length requirements are defined in Rel-15 only considering synchronous case, and it is straightforward to add interruption length for asynchronous case. 
As there are quite many details in the interruption requirements, we think how to update the requirements may be discussed in CR phase. In this paper we will use interruption due to PSCell/SCell addition/release to illustrate how to make the changes. 

The cases where interruption may occur include

· Interruption to MGC cells when PSCell is added, including both sync and async, only inter-band
· Interruption to MGC cells when MCG SCell is added, including only sync, both intra- and inter-band
· Interruption to MGC cells when SCG SCell is added, including both sync and async, only inter-band
· Interruption to SGC cells when MCG SCell is added, including both sync and async, only inter-band
· Interruption to SGC cells when SCG SCell is added, including only sync case, both intra- and inter-band
New column should be added to Table 8.2.4.2.1-1 for async case, and since UE is assumed to take 1ms for PSCell/SCell addition/release, the interruption length would be {2,3,5,9}ms for victim serving cells with SCS {15,30,60,120}kHz, which is similar as for NE-DC. The applicability of the interruption length requirements should also be clarified for all above cases.
Proposal 3: Requirements on interruption for NR-DC should be updated by adding interruption length for asynchronous NR-DC. 
2.3. MG interruption

The number of interrupted slots due to MG is defined in section 9.1.2 of 38.1333. Currently, only synchronous NR-DC is considered where
· Table 9.1.2-4 defines MG interruption for sync EN-DC, NR SA (with single carrier, NR CA and NR-DC configuration) and NE-DC, with per-UE measurement gap or per-FR measurement gap for FR1
· Table 9.1.2-4a defines MG interruption for async EN-DC, with per-UE measurement gap or per-FR measurement gap for FR1
· Table 9.1.2-4b defines MG interruption for sync EN-DC, NR SA (with single carrier, NR CA and NR-DC configuration) and NE-DC, with per-FR measurement gap for FR2
For asynchronous NR-DC, 

· if per-UE MG is used,

· the MG interruption defined in Table 9.1.2-4 should apply for MGC serving cells

· the MG interruption defined in Table 9.1.2-4a should apply for SGC serving cells
· if per-FR MG is used, 

· the MG interruption defined in Table 9.1.2-4 should apply for MGC serving cells

· the MG interruption defined in Table 9.1.2-4b should apply for SGC serving cells
It can be seen that requirements for per-UE gap need to be updated, while the current requirements for per-FR MG can still apply for asynchronous NR-DC. 
Proposal 4: The MG interruption for per-UE MG should be updated for asynchronous NR-DC, such that 

· the MG interruption defined in Table 9.1.2-4 should apply for MGC serving cells

· the MG interruption defined in Table 9.1.2-4a should apply for SGC serving cells
3. Conclusions

In this paper we provided our views on RRM requirements for asynchronous NR-DC.
Proposal 1: RAN4 to focus on Rel-15 NR-DC deployment scenario (MCG fully in FR1 and SCG fully in FR2) unless band combination for other deployment scenarios is defined RF session. 

Proposal 2: MTTD/MRTD for asynchronous NR-DC is defined as half the slot length with respect to the larger SCS of the MCG and SGC cells.

Proposal 3: Requirements on interruption for NR-DC should be updated by adding interruption length for asynchronous NR-DC. 

Proposal 4: The MG interruption for per-UE MG should be updated for asynchronous NR-DC, such that 

· the MG interruption defined in Table 9.1.2-4 should apply for MGC serving cells

· the MG interruption defined in Table 9.1.2-4a should apply for SGC serving cells
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