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1 Introduction
One objective of DC/CA enhancement WI is support of asynchronous and synchronous NR-NR dual connectivity.

RP-181469:

Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]

o
UE power control [RAN1]

o
RRC signalling to support of enhanced NR-NR DC [RAN2]

o
Core requirements to support enhanced NR-NR DC [RAN4]

Note: Synchronous case considers only cases not covered in Rel-15 late drop.
In the contribution, we discuss RRC impacts of asynchronous NR-NR DC.
2 Discussion  
By RAN2#104 [1], RAN2 has spent a lot of time on discussing RRC support of MRDC in late drop. Our understanding is that RRC has supported synchronous NR-NR DC. Therefore, Rel-16 CA/DC enhancement can only focus on RRC impacts of asynchronous NR-NR DC.
Observation 1: RRC has supported synchronous NR-DC in late drop of rel-15. 
Observation 2: Rel-16 CA/DC enhancement can only focus on RRC impact of asynchronous NR-DC

According to definition of asynchronous LTE-DC and EN-DC [2], whether dual connectivity is synchronous or asynchronous depends on the maximum reception timing difference (MRTD). They are illustrated in Figure.1.   
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                     Figure.1 illustration of synchronous DC and asynchronous DC

For both LTE-DC and EN-DC, it is synchronous DC when MRTD < 33us, and it is asynchronous DC when 500us>MRTD>33us. In RAN4, the MRTD requirement of asynchronous NR DC is not finalized yet. However, based on RAN4 discussion in RAN4#88 [3], it is quite likely that asynchronous NR DC will reuse the same MRTD requirement:    
Observation 3: MRTD requirement for asynchronous NR DC is not finalized in RAN4. But it is quite likely to reuse MRTD requirement of asynchronous EN-DC (i.e. 500us>MRTD>33us), which is also same as asynchronous LTE-DC
According to previous RAN2 discussion of LTE-DC in Rel-12 and Rel-13 [2], the RRC impacts of asynchronous LTE-DC mainly includes SFTD, measurement gap configuration, power control and UE capability. We assume it will be similar case for asynchronous NR-NR DC discussion.
Observation 4: Potential RRC impacts of asynchronous NR-DC include SFTD, measurement gap configuration, power control and UE capability

In the remaining parts, we will discuss them one by one.
2.1 SFTD under asynchronous NR-NR DC

SSTD was introduced in rel-12 to report timing difference between PCell and PSCell (including SFN offset, frame boundary offset and subframe boundary offset) in asynchronous LTE-DC [2]. EN-DC reused this feature, and it was renamed to SFTD due to change of reporting contents (i.e. only SFN offset and frame boundary offset).

RAN4 has discussed SFTD for NR-NR DC in RAN4#88 [3], and sent RAN2 LS [4] with related part copied below:
============================Copy from R2-1813421=========================
In an earlier LS reply to RAN2, [1], RAN4 indicated that SFTD scenarios for NE-DC and NR-NR DC would be studied by RAN4 first when it became necessary. As NE-DC and NR-NR DC were added as Rel-15 late drop features at RAN#80, RAN4 has now studied SFTD scenarios where the UE is configured with an NR PCell.

RAN4 has concluded that Rel-15 requirements are needed for the following two use cases:

· SFTD between NR PCell and E-UTRA PSCell

· SFTD between NR PCell and NR neighbour cell, before NR PSCell is configured

=======================================================================
As highlighted, RAN4 has agreed to introduce SFTD between NR PCell and NR neighbor cell before NR-DC is configured in Rel-15.
Observation 5: RAN4 has agreed to introduce SFTD between NR PCell and NR neighbor cell before NR-DC is configured in Rel-15
Then for asynchronous NR DC, we don’t see any reason to not allow SFTD between NR PCell and NR PSCell after NR-DC is setup. Therefore, we propose: 
Proposal 1: Similar to EN-DC, UE can be configured to perform SFTD on either PSCell or NR neighbour cell in NR-DC in rel-16 to support asynchronous NR-DC.
For reporting contents, we think it can include SFN offset, frame boundary offset and subframe boundary offset since MN and SN are same RAT: 
Proposal 2: For SFTD supporting of NR-DC, report contents should include SFN offset, frame boundary offset and subframe boundary offset between NR PCell and NR PSCell/neighbour cell
We think the only remaining issue is that how many NR neighbor cells UE can be configured to perform SFTD before NR-DC is setup. Note that in EN-DC, up to 3 NR neighbor cells can be configured; while neighbor cell is not allowed for SSTD in LTE-DC. It is an RAN4 issue and should be decided by RAN4:  
Proposal 3: How many NR neighbour cells UE can be configured to perform SFTD before NR-DC setup should be decided by RAN4

2.2 measurement gap configuration under asynchronous NR DC

In LTE DC discussion of Rel-12, there was a discussion on whether to extend measurement gap duration for asynchronous LTE DC, as illustrated in Figure.2. Finally, the conclusion is to keep the gap duration in TS 36.331, and rely on RAN4 to resolve this issue.   
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Figure.2 illustration of measurement gap duration under asynchronous DC

Since we think MRTD requirement for asynchronous NR DC is quite likely to reuse MRTD requirement of asynchronous EN-DC and LTE DC (i.e. 500us>MRTD>33us), we think that if RAN4 concludes same MRTD requirement of EN-DC is reused for asynchronous NR-DC, then gap configurations as defined in TS38.331 can be reused
Proposal 4: If RAN4 concludes same MRTD requirement of EN-DC is reused for asynchronous NR-DC, then gap configurations as defined in TS38.331 can be reused. 

2.3 Power control/sharing under asynchronous NR DC
In late drop of rel-15, only cell group independent power control is supported for NR DC with the assumption that MN is in FR1 and SN is FR2. Then Rel-16 may support dynamic or semi-static power control / sharing for asynchronous DC. Basically, there are at least 3 solutions on the table:
· Alt-1 (LTE DC like solution): minimum available power (ratio to PCMAX) to each CG can be configured in RRC and any remaining power is first made available to the CG that starts the earliest in time
· Alt-2 (EN-DC like solution): maximum allowed power values for MCG and SCG are configured in RRC separately
· Alt-3 (NR CA like power control): suitable for users with single modem or fast communication capability between MCG and SCG. Priority rules specified for NR-CA power control can be reused for power scaling / dropping 
As we see, if Alt-2 is agreed, RRC change is not required. While if Alt-1/Alt-3 are agreed, RRC needs to introduce minimum available power for MCG and SCG. Therefore, we think RRC impact of power control/sharing for asynchronous NR-DC should be discussed after RAN1 finalized their power control design. 
Proposal 5: RRC impact of power control/sharing for asynchronous NR-DC should be discussed after RAN1 finalized their power control design  

2.4 UE capability asynchronous NR DC

Similar to LTE DC, we think one indication is required to be added for band combinations which support asynchronous NR DC. The ASN.1 change example can be:

MRDC-Parameters ::=
SEQUENCE {


singleUL-Transmission



ENUMERATED {supported}

OPTIONAL,


dynamicPowerSharing




ENUMERATED {supported}

OPTIONAL,


tdm-Pattern






ENUMERATED {supported}

OPTIONAL,

ul-SharingEUTRA-NR




ENUMERATED {tdm, fdm, both}

OPTIONAL,

ul-SwitchingTimeEUTRA-NR


ENUMERATED {type1, type2}
OPTIONAL,


simultaneousRxTxInterBandENDC

ENUMERATED {supported}

OPTIONAL,


asyncIntraBandENDC




ENUMERATED {supported}

OPTIONAL,

...
     [[

      asyncNRDC-r16                   ENUMERATED {supported}    OPTIONAL

      supportedCellGrouping-r16 CHOICE {

          threeEntries-r16 BIT STRING (SIZE(3)),

          fourEntries-r16 BIT STRING (SIZE(7)),

          fiveEntries-r16 BIT STRING (SIZE(15))}             OPTIONAL

    ]]
}

Proposal 6: For impact on UE capability, an indication for support of asynchronous NR-DC is added in IE MRDC-Parameters of BandCombinationList. 
3 Summary
In the contribution, we discuss RRC impacts of asynchronous NR-NR DC. We propose:  

Observation 1: RRC has supported synchronous NR-DC in late drop of rel-15. 
Observation 2: Rel-16 CA/DC enhancement can only focus on RRC impact of asynchronous NR-DC

Observation 3: MRTD requirement for asynchronous NR DC is not finalized in RAN4. But it is quite likely to reuse MRTD requirement of asynchronous EN-DC (i.e. 500us>MRTD>33us), which is also same as asynchronous LTE-DC

Observation 4: Potential RRC impacts of asynchronous NR-DC include SFTD, measurement gap configuration, power control and UE capability

Observation 5: RAN4 has agreed to introduce SFTD between NR PCell and NR neighbor cell before NR-DC is configured in Rel-15
 

Proposal 1: Similar to EN-DC, UE can be configured to perform SFTD on either PSCell or NR neighbour cell in NR-DC in rel-16 to support asynchronous NR-DC.

Proposal 2: For SFTD supporting of NR-DC, report contents should include SFN offset, frame boundary offset and subframe boundary offset between NR PCell and NR PSCell/neighbour cell

Proposal 3: How many NR neighbour cells UE can be configured to perform SFTD before NR-DC setup should be decided by RAN4

Proposal 4: If RAN4 concludes same MRTD requirement of EN-DC is reused for asynchronous NR-DC, then gap configurations as defined in TS38.331 can be reused. 

Proposal 5: RRC impact of power control/sharing for asynchronous NR-DC should be discussed after RAN1 finalized their power control design  

Proposal 6: For impact on UE capability, an indication for support of asynchronous NR-DC is added in IE MRDC-Parameters of BandCombinationList. 
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