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1. Introduction
Interruptions for EN-DC dual connectivity between LTE and NR have been discussed in RAN4#84bis. In this contribution, we provide further considerations to conclude on the requirements for both 36.133 and 38.133.
2. Discussion

2.1. Requirements framework

It is proposed to have requirements following a similar framework to LTE dual connectivity. This means interruptions should be specified for the following scenarios from [1]
	Type of NSA operation
	 Victim
	Aggressor

	PSCell is added or released
	PCell
SCell in MCG
(No SCell in SCG in this case)
	PSCell

	SCell in either MCG or SCG is added or released
	PCell and activated SCell in MCG
PSCell and activated SCell in SCG
	SCell  in MCG

SCell  in SCG

	SCell in either MCG or SCG is activated or deactivated
	PCell and activated SCell in MCG
PSCell and activated SCell in SCG
	SCell  in MCG

SCell  in SCG

	measurements on SCC with deactivated SCell in either MCG or SCG
	PCell and activated SCell in MCG
PSCell and activated SCell in SCG
	SCell  in MCG

SCell  in SCG

	transitions between active and non-active during DRX
	PCell and activated SCell in MCG
PSCell and activated SCell in SCG
	PSCell

PCell

	transitions from non-DRX to DRX
	PCell and activated SCell in MCG
PSCell and activated SCell in SCG
	PSCell

PCell


2.2. Requirements framework

It is proposed to capture requirements in 36.133 or 38.133 according to the victim cell. This means interruption to PCell or MCG SCells should be captured in 36.133 and interruptions to PSCell or SCG SCells should be captured in 38.133
Proposal 1: Interruption to PCell or MCG SCells should be captured in 36.133 and interruptions to PSCell or SCG SCells should be captured in 38.133
Another discussion about the requirements framework is the scenarios that need to be covered. In LTE DC, the interruption requirements are mostly focused on intraband DC. For LTE+NR DC there are already identified intraband contiguous DC scenarios such as DC_71-n71.
Proposal 2 : Interruptions framework needs to cover intraband dual connectivity between LTE in addition to interband dual connectivity

The next area for consideration is the need for synchronous and asynchronous requirements. Based either on network knowledge of the deployment or a time difference measurement, the network may have knowledge that LTE subframe boundaries and NR slot boundaries are aligned at the UE receiver to some small margin (eg 0.5 of an OFDM symbol). In this case, it should be possible that shorter interruptions can be specified.

Proposal 3: Separate requirements are specified for synchronous and asynchronous DC
2.3. Generic discussion on interrupt duration

In general, for an interruption with allowed duration Ti (expressed in μs, for example), the impact of the interruption in scheduling units (eg slots) can be expressed as 

Proposal 4: Interruption is given by
Nslot,interrupted=roundup(Ti/Ts) for synchronous scenarios, or

Nslot,interrupted=roundup(Ti/Ts)+1 for asynchronous interruption scenarios
roundup(.) corresponds to rounding up to the next larger integer. For LTE without short TTI the scheduling unit is 1 subframe ie Ts=1ms, so any interruption less than 1ms gives a 1 subframe interruption for synchronous DC operation, and a 2ms interruption for asynchronous operation.
For NR victim cells, the basic scheduling unit is a slot, although mini-slots can also be considered similarly to STTI in LTE. Slot lengths are given in table 1

	SCS (kHz)
	Slot duration (μs)

	15
	500

	30
	250

	60
	125

	120
	62.5


Table 1 : Slot duration for different SCS in NR

Since scheduling units are significantly shorter than LTE, the requirements in 38.133 are likely to depend more heavily on the actual interruption time, especially for 60kHz and 120kHz SCS on FR2.
2.4. Interrupt duration values, NR as victim
To specify interrupt duration, it is necessary to understand the underlying mechanisms causing interruption. Some of these are
1. Extending/reducing the bandwidth of an already operational RF chain. This involves switching the bandwidth, changing the local oscillator centre frequency and potentially adjusting AGC.

2. Starting an RF chain may have a transient impact to the power supply of an already running RF chain, especially if they are implemented on the same RFIC where the power supply decoupling capacitor may not be sufficient to avoid a transient interruption
3. Changing or starting local oscillator (LO) may cause LO pulling to an already running local oscillator, briefly causing it to operate on a different frequency than the intended frequency, which causes a transient interruption.

To analyse the interruptions, it may be useful to consider answers which RAN4 provided to RAN1 in the discussion on bandwidth adaptation. Although the information provided was “at least for sub 6”, recent discussions have indicated that LO switching should not be slower for FR2 than FR1.
1. Extending/reducing the bandwidth of an already operational RF chain. Based on [2], it would appear that the RF aspects of transition time may be of the order of 50~200 µs. One open issue is AGC settling, however the UE already operates with a valid AGC setting prior to transition. Since the SMTC occasions (which contain SS blocks used to update AGC) may be sparse in NR (up to 160ms periodicity) we cannot specify interruption requirements based on waiting on the next SMTC. Since intraband LTE and NR cells need to be collocated to ensure that there is no large power imbalance if we assume that they are received by the same RF chain, our assumption is that the existing knowledge of AGC setting prior to the transition would allow the signal to continue to be received after the transition, albeit with potentially a somewhat suboptimal AGC setting for some time.
2. Transient power supply impacts. Assuming good design, this must be significantly shorter than the LO settling duration, since in single chip RFIC the new RF chain needs a stable power supply to allow the LO to settle,

3. The transient impact to an already running RF chain should be significantly shorter than the LO settling time from cold, which was analyzed in [2] to be 50~200 µs.
Based on these considerations we think that for intraband interruption scenarios (reconfiguring an already running RF chain to , the interruption would be up to 200µs. Taking 200µs as a possible value would give
Proposal 5: Interruption requirements for intraband DC(NR as victim) are
	Data SCS (kHz)
	Interruption (sync)(slots)
	Interruption (async)(slots)

	15
	1
	2

	30
	1
	2

	60
	2
	3

	120
	4
	5


For interband operation where separate RF chains can be assumed, we expect shorter interruption. We propose that this could be 1 slot (sync) or 2 slots (async) for all numerologies, based on the lower end of the LO settling time range given in [2]. 
Proposal 6: Interruptions for interband LTE +NR DC (NR as victim) are 

1 slot (synchronous operation) and 

2 slots (asynchronous operation)
2.5. Interrupt duration values, LTE as victim

In principle, the duration in μs of interruptions should be the same, regardless if the victim is NR or LTE. Since LTE scheduling for dual connectivity is based on subframe, all the discussed interruptions are less than 1 subframe. Hence

Proposal 7: Interruptions for intraband and interband LTE +NR DC (LTE as victim) are
1 subframe (synchronous operation) and

2 subframes (asynchronous operation)
3. Conclusion
Proposal 1: Interruption to PCell or MCG SCells should be captured in 36.133 and interruptions to PSCell or SCG SCells should be captured in 38.133
Proposal 2: Interruptions framework needs to cover intraband dual connectivity between LTE in addition to interband dual connectivity

Proposal 3: Separate requirements are specified for synchronous and asynchronous DC
Proposal 4: Interruption is given by
Nslot,interrupted=roundup(Ti/Ts) for synchronous scenarios, or

Nslot,interrupted=roundup(Ti/Ts)+1 for asynchronous interruption scenarios
roundup(.) corresponds to rounding up to the next larger integer. For LTE without short TTI 

Proposal 5: Interruption requirements for intraband DC(NR as victim) are
	Data SCS (kHz)
	Interruption (sync)(slots)
	Interruption (async)(slots)

	15
	1
	2

	30
	1
	2

	60
	2
	3

	120
	4
	5


Proposal 6: Interruptions for interband LTE +NR DC (NR as victim) are 

1 slot (synchronous operation) and 

2 slots (asynchronous operation)
Proposal 7: Interruptions for intraband and interband LTE +NR DC (LTE as victim) are

1 subframe (synchronous operation) and

2 subframes (asynchronous operation)
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