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1. Introduction
In RAN4 NR AH#3, interruptions for NSA were discussed and the way forward[1] gives interruption scenarios with details of interruption victim and aggressor, as well as open issues for further investigation
	Type of NSA operation
	 Victim
	Aggressive
	Define interruption requirement or not

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

	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
	Yes

	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
	Yes

	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
	FFS maximum interruption length requirement
FFS  requirement
of probability of missed ACK/NACK

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

PCell
	FFS maximum interruption length requirement
FFS  requirement
of probability of missed ACK/NACK

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

PCell
	FFS


	Definition of Synchronous asynchronous DC:
· Whether to introduce synchronous dual connectivity definition and if introducing FFS related requirement/definition. 

· Whether to introduce asynchronous dual connectivity and if introducing FFS related requirement/definition. 

UE architecture:
· FFS LTE and sub 6GHz NR receivers may be implemented on the same RFIC

· FFS LTE and mm wave NR receivers will not be implemented on the same RFIC

Interruption requirement related to NR SCS:
· Whether and how to scale interruption due to different SCS if victim in MCG(LTE) and aggressive in SCG(NR)
· Whether and how to scale interruption due to different SCS if victim in SCG(NR) and aggressive in MCG(LTE)
· Whether and how to scale interruption due to different SCS if victim in SCG(e.g. SCell) and aggressive in SCG(e.g. PSCell)
· Unit of interruption length caused by NSA operation 
· in ms (subframe)
· In symbol or slot
· Other
CR structure:
· All interruption requirements whose victim is LTE are defined in TS36.133. (Only for example)
· All interruption requirements whose victim is NR are defined in TS38.133. (Only for example)



2. Discussion

Scenarios for interruption

The scenarios for interruption are identical to those proposed in our earlier analysis[2]. We consider that requirements for interruptions for all the scenarios should be defined, following a similar approach to LTE dual connectivity.
Proposal 1 : Interruption requirements are defined for all scenarios in [1]
Definition of Synchronous and asynchronous DC
Discussions are taking place in the RF session on the need for asynchronous and synchronous operations in NSA dual connectivity and the corresponding definitions of MRTD and MTTD. We do not propose that the discussions are repeated in the RRM session, neither is there time for RRM to wait on the outcome of RF discussions to define interruption requirements. In summary, some of our main proposals in the RF session are
	· For inter-band LTE-NR dual connectivity, all UE supports asynchronous DC between LTE and NR.

· (We also provide proposals on MRTD and MTTD for asynchronous DC with different SCS)
· For TDD-TDD (PCell-PScell) and TDD-FDD (PCell-PScell or PScell-PCell) combinations,

· Asynchronous DC operation can be supported when LTE and NR bands have sufficient frequency separation. The mentioned frequency separation level is determined on case-by-case basis.

·  Support of DC operation when LTE and NR bands does not have sufficient frequency separation will require further UE capability. The exact synchronization level in this case is left FFS. 
· For intra-band LTE-NR DC, UE will support asynchronous dual connectivity when the LTE and NR bands are implemented in the UE using separate paths. 

· For intra-band LTE-NR DC, following is adopted when the LTE and NR is implemented in the UE using the same path:

· Only synchronous operation is allowed for all TDD-TDD, TDD-FDD and FDD-FDD operations

· Only collocated intra-band LTE-NR combinations are allowed in Rel-15 timeframe

· (The MRTD and MTTD for intra-band LTE-NR combinations are also proposed in a table)


It can be seen that independently of the RF discussions, it is likely that there will be asynchronous NSA operation (this is needed to operate with large NR SCS in a large LTE cell due to propagation delay) and synchronous operations (such as for intraband NR+LTE). Hence the RRM session should define both types of requirements with further discussions on the applicability of asynchronous operation or synchronous operation and the precise definitions of each taking place in the RF session.

Proposal 2 : RAN4 interruption requirements for NSA dual connectivity cover both synchronous and asynchronous operation

Proposal 3 : The exact definition of synchronous/asynchronous NSA dual connectivity is discussed in RF session and reused for RRM
In addition, we have discussed the benefit of SSTD measurement for NR. Especially for UE that potentially may be operating with asynchronous DC between LTE and NR, it would be highly beneficial to get feedback from each individual UE on whether it is operating in the synchronous regime, and hence can be expected to meet interruption requirements for synchronous operation.

Observation 1 : It would be beneficial to define SSTD measurement in NSA dual connectivity to get feedback from the UE on whether it is operating in the synchronous regime

Proposal 4 : UE shall meet synchronous interruption requirements when SSTD indicates that this is feasible.
Typically, the main impact of asynchronous dual connectivity in LTE interruption requirements is to extend the number of subframes impacted by the interruption. Taking LTE PSCell activation as an example, figure 1 shows the impact of a ~1ms interruption for both synchronous and asynchronous cases.
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Figure 1a: LTE PSCell activation interruption, sync case
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Figure 1b: LTE PSCell activation interruption, async case

In both cases, the event causing the real time of the interruption is the same (~1ms) but in the async case, a ~1ms interruption by the aggressor cell will cause impact to both the end of one subframe and the start of one subframe on the victim cell. Hence a 2ms interruption is specified in LTE.
UE architecture
The main discussion in RAN4 NR AH was whether it can be assumed that mm-wave RF is implemented on a different RFIC than the sub 6GHz (NR or LTE) RF. There are two proposals for further study given in the way forward
· FFS LTE and sub 6GHz NR receivers may be implemented on the same RFIC

· FFS LTE and mm wave NR receivers will not be implemented on the same RFIC

The first bullet is clearly true, since in the end a receiver capable of performing LTE intraband carrier aggregation (perhaps 40MHz BW) is clearly likely to be designed such that it can also receive an NR carrier. It does not seem that much further study is needed.
Proposal 5 : LTE and sub 6GHz NR receivers may be implemented on the same RFIC

For the second point, one discussion during the previous meeting was that some UE implementations may have the IF stages of the mm-wave receiver on the same RFIC as the LTE receiver. One viewpoint was that this could be possible, another viewpoint was that typical mm-wave IF frequency is higher than LTE frequencies and even the IF stages would be implemented in different IC technology than the LTE receiver. We believe it would be beneficial to discuss this point further in RAN4. We have a strong preference that interruption requirements are not defined for scenarios where in practice there will not be interruptions just in case they are needed, since once the interruption is allowed, it will be assumed to occur in all NR UEs. If only some UEs have coupling between mm-wave and sub 6GHz receivers, another option would be to consider a UE capability. 
Proposal 6 : RAN4 develops interruption requirements under the assumption that LTE and mm-wave receivers do not cause interruption to each other. If this assumption cannot be agreed, UE capabilities are considered for the interruptions.
Interruption requirement related to NR SCS

As shown in figure 1, it is the slot length of the victim cell which determines the impact of the interruption for interruption events of < 1 victim slot in absolute time. In the subsequent analysis, we also consider the impact of the duration of the aggressor interruption. As shown in figure 2, even for asynchronous operation with short interruptions, the interruption to the victim can in theory be either 1 or 2 slot depending on the relative timing
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Figure 2 : Impact of a shorter aggressor interruption

As the interruption gets shorter, the probability of an interruption spanning 2 victim slots also becomes smaller, and it becomes much more probable that only one slot on the victim will be impacted. Moreover, in the case of a very short interruption, it becomes increasingly likely that channel coding will be able to correct for the impact of the interruption, and no slot may be lost on the victim.

We propose

Proposal 7 : RAN4 should discuss the time duration of the interruption (e.g. in microseconds) before concluding on interruption requirements to the victim
Observation 2 : For long interruptions in asynchronous operation (greater than one victim slot duration) the impact of the interruption will be N+1 slot where N is the duration of the interruption expressed in victim slot units

Observation 3 : For short interruptions in asynchronous scenarios (relative to the victim slot length) there is a significant probability that only one victim slot will be impacted

Observation 4 : For very short interruptions in synchronous or asynchronous scenarios, there is a significant probability that channel coding will ensure that no victim slot is impacted.

Following the LTE approach, the correct way to define requirements is:

Synchronous NR+LTE operation

1. Agree the duration of the interruption caused by the aggressor in fine granularity time units
2. Determine the victim slot duration

3. Re-express the interruption duration in terms of victim slot, while rounding up

For example, if the victim is NR with 0.5ms slot scheduling, a 400us interruption (caused by any aggressor) would cause 1 slot interruption, and a 600us interruption would cause 2 slot interruption

Asynchronous NR+LTE operation
1. Agree the duration of the interruption caused by the aggressor in fine granularity time units

2. Determine the victim slot duration

3. Re-express the interruption duration in terms of victim slot, while rounding up

4. Add one more victim slot since the victim slot boundary is not aligned with the aggressor slot boundary

For example, if the victim is NR with 0.5ms slot scheduling, a 400us interruption (caused by an asynchronous aggressor) would cause 2 slot interruption, and a 600us interruption would cause 3 slot interruption

These values are always correct for a worst-case analysis, but as the interruption becomes short compared to the aggressor slot, it becomes increasingly unlikely that an interruption will span a victim slot boundary.
CR structure

There are several possible approaches
Approach 1

· All interruption requirements whose victim is LTE are defined in TS36.133.
· All interruption requirements whose victim is NR are defined in TS38.133.
Approach 2
· All interruption requirements for an LTE aggressor are defined in TS36.133.
· All interruption requirements for an NR aggressor are defined in TS38.133.
Approach 3

· All interruption requirements for NSA dual connectivity are defined in a new section of TS36.133 since the PCell is LTE
Approach 4

· All interruption requirements for NSA dual connectivity are defined in a new section of TS38.133
Approach 4 is mentioned for completeness, and does not seem to be recommended by any logic. Approach 3 would be somewhat consistent with the earlier approach for WCDMA and LTE single carrier requirements, where WCDMA measurements with an LTE serving cell become interRAT in 36.133 and LTE measurements with a WCDMA serving cell become interRAT in 25.133. For approaches 1 and 2, the overall picture of interruptions is split between 36.133 and 38.133 so if either of these approaches is adopted, the introduction of the sections in 36.133 and 38.133 should make the methodology for capturing the requirements clear, and also provide information that there are also some of the requirements in the other specification.
Proposal 8 : RAN4 should discuss the approach for capturing interruption requirements for NSA DC across 36.133 and 38.133
Proposal 9: The chosen approach should be clearly documented in specifications, especially if the NSA DC requirements are split across two specification

3. Conclusions
Proposal 1 : Interruption requirements are defined for all scenarios in [1]
Proposal 2 : RAN4 interruption requirements for NSA dual connectivity cover both synchronous and asynchronous operation

Proposal 3 : The exact definition of synchronous/asynchronous NSA dual connectivity is discussed in RF session and reused for RRM

Observation 1 : It would be beneficial to define SSTD measurement in NSA dual connectivity to get feedback from the UE on whether it is operating in the synchronous regime

Proposal 4 : UE shall meet synchronous interruption requirements when SSTD indicates that this is feasible.
Proposal 5 : LTE and sub 6GHz NR receivers may be implemented on the same RFIC

Proposal 6: RAN4 develops interruption requirements under the assumption that LTE and mm-wave receivers do not cause interruption to each other. If this assumption cannot be agreed, UE capabilities are considered for the interruptions.
Proposal 7 : RAN4 should discuss the time duration of the interruption (e.g. in microseconds) before concluding on interruption requirements to the victim

Observation  2 : For long interruptions in asynchronous operation (greater than one victim slot duration) the impact of the interruption will be N+1 slot where N is the duration of the interruption expressed in victim slot units

Observation 3 : For short interruptions in asynchronous scenarios (relative to the victim slot length) there is a significant probability that only one victim slot will be impacted

Observation 4: For very short interruptions in synchronous or asynchronous scenarios, there is a significant probability that channel coding will ensure that no victim slot is impacted.

Proposal 8 : RAN4 should discuss the approach for capturing interruption requirements for NSA DC across 36.133 and 38.133

Proposal 9: The chosen approach should be clearly documented in specifications, especially if the NSA DC requirements are split across two specification

4. Conclusions
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