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1 Introduction

During RAN2#95bis, RAN2 has discussed an NCSG handling and was not able to conclude it. Thus a email discussion was initiated: 95bis#11][LTE/Meas gap enh] NCSG (Nokia) 


Come to understanding whether the observation in the Nokia paper would be sufficient for the eNB to configure use of NCSG. If not sufficient then try to conclude what additional information might be required.


Also to look at configuration signalling to be used to configure the NCSG (e.g. if configured per CC)


Intended outcome: Email discussion report to the next meeting


Deadline: Tuesday 01/11/2016

2 NCSG
For the NCSG RAN4 indicatedin in the LS R4-167024:
(3)Measurement gaps for interruption control, to avoid the autonomous interruptions which UEs may currently make in certain scenarios.

RAN4 has identified 3 scenarios where a measurement gap pattern for interrupt control would be beneficial, avoiding some UEs from making autonomous interruptions. In addition, both NCSG (network controlled short gap, a new gap pattern) and legacy 6ms gaps are suitable for interruption control. The agreements n use cases are:

(1) Enable measurement on unused RF chains with interruption controlled on activated CC

(2) Enable per-CC measurement gap configuration with interruption controlled

(3) Eliminate/reduce interruption rate due to deactivated SCell measurement

· Both NCSG and measurement gap (e.g. legacy 6ms gap) are feasible for interruption control

Figure 1 shows a generic set of interruption control gaps. The red part of the pattern is the so called visible gap when the UE is not receiving from, or transmitting to, the serving cell. The duration of this part is designated as VIL (visible interruption length) and is the time when the UE is reconfiguring RF and causing interruption.

The blue part of the pattern is time when the measurement itself is made (although the UE is not precluded from measuring during some of the red part itself). The length of the blue part is designated as measurement length, ML. The UE may be scheduled on the carrier shown during the blue period, i.e. it is not part of the gap itself.

Time (VIL) is allowed for making a reconfiguration before and after each measurement. The periodicity of the gaps is denoted as VIRP (visible interruption repetition period).
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ML: Measurement Length
VIL: Visible interruption length
VIRP: Visible interruption Repetition Period

Figure 1 : Generic small interruption control gap




As well as use of NCSG for interrupt control, RAN4 agreed that legacy gaps (i.e. with 6ms duration) may be used for interrupt control.

Considering the identified use cases for interrupt control, the eNB needs to be aware of whether a particular UE has an interruption issue so that it knows whether to configure an interruption control pattern or not RAN4 has not yet concluded on the details that the eNB would need to be aware of, for the different use cases. 

RAN4 is still discussing whether it is necessary that the UE provides a list of serving cells (PCell and other activated SCells) which are not impacted by interruptions due to deactivated SCells.

The summary of RAN4’s agreements on per-CC based measurement gaps are given below

· NCSG configurations for legacy gap for single carrier, CA and synchronous DC

· VIL-ML-VIL: 1ms-4ms-1ms (DL) and 1ms-4ms-2ms(UL)

· VIRP: 40ms and 80ms

· NCSG configurations for other scenarios (e.g. async. DC) are FFS

· NCSG configurations for short MGL are FFS

And in the Nokia paper R2-166230 (the one referenced in the email discussion description) following is stated:
For the configuration this seems to have somewhat similar complexity for other proposals i.e. somewhat simple extension of MeasGapConfig should be able to include new type of gaps to be configured.

For the capability handling there was introduced a capability already earlier indicating whether UE can benefit from being allowed to cause interrupts to serving cells when performing measurements of deactivated SCell carriers i.e. benefitsFromInterruption. As the UE already currently indicates band combinations it supports when NW configures subset of a band combination it could assume that a band not configured could be measured with NCSG. For example: UE indicates I support band combination A+B+C but network has only configured A+B for the UE as serving cells but band C has measurement object, NW could deduce that UE could measure band C with NCSG if UE indicates benefitsFromInterruption. 

Observation 3: It is possible for NW to utilize benefitsFromInterruption and band combination support information to determine whether it would be useful to configure interruption control gaps in order to measure deactivated SCell carriers.

2.1 Discussion

The UE capability benefitsFromInterruption is per UE capability (i.e. not per band combination or with more granularity). The field description of the parameter states:

	benefitsFromInterruption
Indicates whether the UE power consumption would benefit from being allowed to cause interruptions to serving cells when performing measurements of deactivated SCell carriers for measCycleSCell of less than 640ms, as specified in TS 36.133 [16].
	No


So basically UE that is configured with SCell which is not activated and indicating the benefitsFromInterruption is able to retune its receiver to measure the non activated SCell but simultaneously causing interrupt to the activated SCells.
NW could then configure UE with allowInterruptions:

	allowInterruptions

Value TRUE indicates that the UE is allowed to cause interruptions to serving cells when performing measurements of deactivated SCell carriers for measCycleSCell of less than 640ms, as specified in TS 36.133 [16]. E-UTRAN enables this field only when an SCell is configured.


The interruption occasions with above approach are not known by the NW and thus RAN4 has agreed to introduces NCSG. With the NCSG NW is able to configure determined occasions for interruptions. 

Observation 1: NCSG can be used to avoid autonomous interruptions from UE in scenarios used for benefitsFromInterruption/allowInterruptions. Is this general understanding?
But for example scenario where UE supports band combination A+B+C but only configured with activated serving cells on A and B and measurements on C. Can network deduce from benefits from interruption that UE could measure C with NCSG even if it is not serving cell?

Question 1: UE supports band combination A+B+C but only configured with activated serving cells on A and B and measurements on C. Can network deduce from benefitsFromInterruption that UE could measure C with NCSG even if it is not serving cell?
But for example scenario where UE supports band combination A+B+C but only configured with activated serving cell on A and deactivated serving cell on B and measurements on C. Can network deduce from benefits from interruption that UE could measure B+C with NCSG?

Question 2: But for example scenario where UE supports band combination A+B+C but only configured with activated serving cell on A and deactivated serving cell on B and measurements on C. Can network deduce from benefits from interruption that UE could measure B+C with NCSG?

If one adds measurements on band D (on which UE indicates need for measurement gaps) then it seems to be clear that UE cannot measure D with NCSG but normal measurement gaps are needed?

Question 3: If one adds measurements on band D (on which UE indicates need for measurement gaps) then it seems to be clear that UE cannot measure D with NCSG but normal measurement gaps are needed?

On the other hand if UE has separate receiver which can be used to measure D then UE can indicate with existing signalling already that it does not need gaps for performing measurements on band D while being configured with bands A+B+C. Can UE cause interrupts when measuring D?
Question 4: On the other hand if UE has separate receiver which can be used to measure D then UE can indicate with existing signalling already that it does not need gaps for performing measurements on band D while being configured with bands A+B+C. Can UE cause interrupts when measuring D?

Let’s consider more complex scenario where UE supports band combination A+B+C but A+B are handled by a receiver and band C with one that is able to measure also band D. In this kind of scenario it could be possible that UE could measure band D causing interruptions on band C while not needing gaps at all on band A+B. Can measurements on done by separate receiver handling C+D cause interrupts on A+B?
Question 5: Let’s consider more complex scenario where UE supports band combination A+B+C but A+B are handled by a receiver and band C with one that is able to measure also band D. In this kind of scenario it could be possible that UE could measure band D causing interruptions on band C while not needing gaps at all on band A+B. Can measurements on done by separate receiver handling C+D cause interrupts on A+B?

Or if we modify above scenario a bit e.g. UE is configured with serving cells on band A+B but band B serving cell is not activated. UE is configured same time with activated serving cell on band C and measurements on band D. In this scenario NCSG is needed for both band A+B receiver and band C+D receiver. With benefitsFromInterruption indication NW can understand handling for A+B but for doing measurements on D with NCSG is impossible without getting more detailed information on receiver structure. So if we have more detailed signalling for per-CC gap handling then it might be useful to append that with NCSG information.
Question 6: If we have more detailed UE capability for per CC should it be appended with more detailed information about need for NCSG as well? 
	Company
	Comments

	Huawei
	Thanks for raising these questions and we think it is very useful to first understand the scenarios before justifying solutions.

For Q1: we are not 100% sure whether this can be deduced by the NW as this capability is per UE based. So if the UE assumes an unused Rx chain is available, there would be consistent understanding between the UE and the NW.
For Q2:similar as the above. This depends on real UE implementation. If UEs assume an unused Rx chain is available, the NW is possible to deduce it.
For Q3: we are not sure we fully understand the question. If you mean that the UE explicitly requires measurement gap for the new added frequency band D, we agree that this might indicate the UE is not able to use NCSG and therefore the normal gap should be used. But one thing we are not sure is whether the UE knows the NW has the capability to configure NCSG, if by default the UE assumes the NW does not have such capability, the UE might always first ask for normal measurement gap.

For Q4: if a separate Rx is used, it is possible that no interruption is caused. But this question actually needs RAN4’s confirmation, if the Rx chain is switched off and on, not 100% sure there is no interruption.

For Q5: Yes we think in this case interruption might be caused.
For Q6: Yes we think the more detailed structure is necessary if we want to have per cc NCSG configuration. However we need also to consider the cost for more signalling introduced to support this.

	Qualcomm Incorporated
	Q1: This will most likely be true when the UE is configured for inter-frequency measurements only on C. If the UE is configured for other frequencies for inter-frequency measurement, the eNB may have to look at the regular “need for gap” capability associated with CA combo A+B or potentially A+B+C.
Q2: Similar to the scenario of Q1.

Q3: It seems obvious that if the UE indicates it needs regular 6ms gap for measuring D, then the necessary gap is 6ms, not NCSG. (Probably we did not understood the question).

Q4: In the current standard already, the UE is not allowed to casue any interruption or gap if the UE indicates “no need for gap”. (Probably we did not understood the question).

Q5: Depending on the implementation, it may or may not cause interruptions on A+B. So no generalization based on this scenario is possible.
Q6: Could not understand the scenario mentioned.

In general, we think there is quite limited use of benefitsFromInterruption in deriving the UE capability on NCSG, if we consider various CA and inter-frequency measurement scenario.

	NTT DOCOMO
	Instead of answering to questions, please let us clarify what we need to discuss for NCSG. In my understanding, the followings are the essential questions:
1) How can NCSG be configured for UE?

2) How can the UE report NCSG capability?

In my view on 1), NCSG is not relevant to benefitsFromInterruption. We’re not sure if the signalling can be reused for NSCG. On the other hand, the need of new gap pattern is questionable to us given that the total length (i.e. 2*VIL + ML) is the same as the legacy gap (6ms). One possible approach is to introduce a new indicator for NSCG. By configuring the NSCG indicator together with the existing gap pattern ID, the UE can deduce the ML and VIL as illustrated in the figure.
On 2), The baseline could be the similar structure to the existing gap capability. The UE indicates support of NSCG per band for a given band combination by extending bandCombinationListEUTRA, for instance. Of course, enhanced signalling could be considered to reduce the signalling size.

	Nokia Networks
	Q1: This should be possible UE can measure A+B+C as UE supports CA of those bands. But if UE indicates that it benefitsFromInterruption it would benefit from interruptions i.e. in that scenario NCSG would be sufficient. Naturally benefitsFromInterruption capability is not sufficient in Release 14 as NW would not be aware that UE supports NCSG. So separate capability would be needed per UE to enable this kind of behaviour (assuming not all Rel-14 UEs support NCSG). 
Q2: In our understanding it can – see Q1
Q3: Yes – this seems to be obvious
Q4: No, UE cannot cause interrupts here as it indicates it needs gaps for measuring D for the indicated band combination.

Q5: This could be possible and probably requires coordination with RAN4. But this kind of support would need much more complex UE capability signalling e.g. something like possibly defined for per-CC gaps.
Q6: Then depending how per-cc capability is signalled then it could be appended with NCSG. But if such a capability is not introduced and if it is introduced per UE capability combined with benefitsFromInterruption is clean way to enable big part of NCSG gains. With this approach like noted by Qualcomm one can only use NCSG when measuring bands which are “within” band combinations supported by the UE. So e.g. as expressed for Q3 then NW has to always configure regular gaps and this does not support approach where gaps are needed only in subset of serving carriers. 
Regarding how to configure these gaps. If we only have per UE gaps (like now) then simple addition to existing measGapConfig indicating new gap pattern seem sufficient – or even separate indication like DoCoMo says is possible to “alter” normal gaps to NCSG.

	Intel
	Q1: Possible. Since the UE supports band combination A+B+C, UE will be able to measurement on C using the cooresponding Rx chain of C when it is unsed. But we may still need a new IE since the benefitFromInterruption is intented to apply to deactivated SCell carriers only. 

benefitsFromInterruption
Indicates whether the UE power consumption would benefit from being allowed to cause interruptions to serving cells when performing measurements of deactivated SCell carriers for measCycleSCell of less than 640ms, as specified in TS 36.133 [16].
No

Q2: Same as Q1 and based on the band combination. 

Q3: Not sure if we understand the question correctly. 
In general, there are the following combination of the configuration:
- need for gap, need for NCSG (no possible)
- need for gap, no need for NCSG (no possible?)
- no need for gap, need for NCSG
- no need for gap, no need for NCSG

Q4: It is possible depending on UE RF implementation. But with the introduction of NCSG, band D can be measured without gap but with “need for NCSG”.

Q5: It depends on UE RF implementation. Therefore NCSG will be needed to indicate by the UE. 

Q6: No. They are separate issues. It depends on UE RF implementation.

	LG
	Q1 : Possible. But we think that benefitFromInterruption is only for deactivated SCell carriers same as Intel. So we may need a new IE.
Q2 : Same as above.

Q3 : We are not sure if we are getting the intend of your question. But we think that it depends on RF chain implementation.

Q4 : We think that it depends on RF chain implementation. But confirmation of RAN4 is needed for this question.

Q5 : We think that it depends on RF chain implementation. But confirmation of RAN4 is needed for this question.

Q6 : No. If UE signals RF chain information to network, the more detail information is not needed.

	Ericsson
	Q1: In this specific example, network can deduce that the UE would be able to perform measurements on C if it reports benefitsFromInterruption and NCSG is configured on serving cells. But, as comented above, the definition of benefitsFromInterruption coves deactivated scells, and C is not an scell.

Q2: Similar comments as for Q1.

Q3: I think the scenario and context needs to be clarified. If the UE does not report ability to measure band D on a separate receiver (per cc measurement capability) and had requested for measurement gaps, then network cannot use NCSG since the gaps are already configured on all carriers. There is no need or utility for NCSG.

Q4: In this case, if the UE had reported no need for gaps, the UE is not allowed to interrupt as well when measuring D. 

Q5: Since this scenario is based on Q4 which asssumes existing signalling, it is not possible to handle receiver handling with C+D chain causing interrupts on A+B. Since, in the current signalling, UE reports requirements of measurement gaps for a complete CA combination, the UE would report a gap reuirement requirement to measure band D while configured with band combination A+B+C.  In this case, UE would report a need for gaps since one of the RF chain (band C) need gaps to measure band D. The network does not have the information that the terminal can measure band D using band C receiver so it would configure gaps on all carriers. We need per cc measurement gaps reporting to handle this scenario with interrupts.

Q6: The scenario needs to be clarified especially on inferences from benfeitsFromInterruption IE. 

Apart from discussing the different scenarios requiring NCSG, there needs to be discussion on signalling methodologies for NCSG. The benefitsFromInterruption IE is not enough for network to infer NCSG requirements. 

We agree with NTT Docomo that the discussion should be angled towards the following questions:

1) How can NCSG be configured for UE?

2) How can the UE report NCSG capability?
NCSG could be an enhancement to per cc measurement gap feature. Similar to per cc meas gap signalling, the  the need for network controlled gaps can be signalled per cc. Only then, the network would have visibility on which carriers require a measurement gaps and which carriers only require a network controlled gap to handle interruptions from other RF chains. 



	
	


3 Conclusion
In the discussion following observation/questions were discussed:
Observation 1: NCSG can be used to avoid autonomous interruptions from UE in scenarios used for benefitsFromInterruption/allowInterruptions. Is this general understanding?

But for example scenario where UE supports band combination A+B+C but only configured with activated serving cells on A and B and measurements on C. Can network deduce from benefits from interruption that UE could measure C with NCSG even if it is not serving cell?

Question 1: UE supports band combination A+B+C but only configured with activated serving cells on A and B and measurements on C. Can network deduce from benefitsFromInterruption that UE could measure C with NCSG even if it is not serving cell?
But for example scenario where UE supports band combination A+B+C but only configured with activated serving cell on A and deactivated serving cell on B and measurements on C. Can network deduce from benefits from interruption that UE could measure B+C with NCSG?

Question 2: But for example scenario where UE supports band combination A+B+C but only configured with activated serving cell on A and deactivated serving cell on B and measurements on C. Can network deduce from benefits from interruption that UE could measure B+C with NCSG?

For these questions (1&2) most companies thought it is possible to deduce it is possible BUT same time many companies pointed out that benefitsFromInterruption is only applicable to deactivated SCells. Thus companies were thinking that separate capability would be required nevertheless. This leads to following proposal:

Conclusion Observation 1: In order for network to see be able to deduce UE could “benefit from interruption” for unconfigured band one would need to introduce separate capability in REL14 as existing benefitsFromInterruption is only valid for deactivated carrier
If one adds measurements on band D (on which UE indicates need for measurement gaps) then it seems to be clear that UE cannot measure D with NCSG but normal measurement gaps are needed?

Question 3: If one adds measurements on band D (on which UE indicates need for measurement gaps) then it seems to be clear that UE cannot measure D with NCSG but normal measurement gaps are needed?

This was seen as normal case of UE requiring gaps and indicating so – So nothing as such to do with NSCG.

Conclusion Observation 2: NCSG does not affect cases where UE indicates it needs gaps
On the other hand if UE has separate receiver which can be used to measure D then UE can indica
te with existing signalling already that it does not need gaps for performing measurements on band D while being configured with bands A+B+C. Can UE cause interrupts when measuring D?

Question 4: On the other hand if UE has separate receiver which can be used to measure D then UE can indicate with existing signalling already that it does not need gaps for performing measurements on band D while being configured with bands A+B+C. Can UE cause interrupts when measuring D?

It was commonly understood that in this scenario if UE indicates it needs gaps UE is not allowed to cause interrupts.

Conclusion Observation 3: In the scenario where UE indicates need for gaps UE is not allowed to cause interrupts
Let’s consider more complex scenario where UE supports band combination A+B+C but A+B are handled by a receiver and band C with one that is able to measure also band D. In this kind of scenario it could be possible that UE could measure band D causing interruptions on band C while not needing gaps at all on band A+B. Can measurements on done by separate receiver handling C+D cause interrupts on A+B?

Question 5: Let’s consider more complex scenario where UE supports band combination A+B+C but A+B are handled by a receiver and band C with one that is able to measure also band D. In this kind of scenario it could be possible that UE could measure band D causing interruptions on band C while not needing gaps at all on band A+B. Can measurements on done by separate receiver handling C+D cause interrupts on A+B?

Or if we modify above scenario a bit e.g. UE is configured with serving cells on band A+B but band B serving cell is not activated. UE is configured same time with activated serving cell on band C and measurements on band D. In this scenario NCSG is needed for both band A+B receiver and band C+D receiver. With benefitsFromInterruption indication NW can understand handling for A+B but for doing measurements on D with NCSG is impossible without getting more detailed information on receiver structure. So if we have more detailed signalling for per-CC gap handling then it might be useful to append that with NCSG information.

Question 6: If we have more detailed UE capability for per CC should it be appended with more detailed information about need for NCSG as well? 

Generally companies thought that to get full benefits from the NCSG per CC gap signaling should be appended with NCSG. 
Conclusion Observation 3: In order to get full benefits of NCSG one should enhance per-cc gap signalling with NCSG
Related to per-cc and NCSG mixing RAN2 sent a LS (R2-167317) to RAN4 asking:

· In a per CC configuration of gaps, is it possible to mix Measurement Gaps (ether legacy 6ms gaps, or short 3(4) ms gaps), and Network Controlled Short Gaps (interruption gaps) on different carriers?

So it may be possible that NCSG is limited to scenario that it is applicable only to per UE, but as Observation 3 points out to get full benefits of NCSG one would need to enable per-CC NCSG signaling. Considering observation 1 and the fact that per-cc gap signaling is going to be much more complex than per-UE gap signaling it seems beneficial to allow introducing per-cc with much more simple approach. Thus leading to following proposals from this email discussion:

Proposal 1: Introduce UE capability to support per-UE NCSG. Signaling of NCSG per UE can be done e.g by adding new measurement gap pattern ID (to be coordinated with RAN4) to measGapConfig. 
Proposal 2: Assuming positive RAN4 response (to question stated above) as well as RAN2 per-CC gap signaling feasibility introduce per-CC NCSG possibility as well as UE capability signaling. Details FFS.
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