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Discussion
1
Introduction
In previous meetings, there are proposals e.g.[1] on allowing Pcell interruption for both intra and inter-band deactivated Scell measurement in shorter measurement cycle case, e.g. including up to 1% probability of missed ACK/NACK for 320ms SCell measurement cycle since rel.10. The intention is for power saving of single chipset type UE. It will be desired to close the second RF chains of CA capable UE when this chain is not needed e.g. when not measuring the deactivated Scell or performing inter-frequency measurement in general. However for single chipset type UE, when switching on or off the secondary RF chain, an interrupt on the Pcell will be introduced.  
In order to have a full picture of the Pcell interruptions, the below cases should be analysed regarding what is already allowed and what may be considered allowed in the future: 
· Current 36.133 already allows the Pcell interruption for performing measurements on deactivated SCell in the case measCycleScell >=640ms and with 0.5% probability of missed ACK/NACK. This is allowed for both intra- and inter-band CA. 
· The Pcell interruptions due to UE Scell activation/deactivation are allowed on certain places known by BS.
· The Pcell interruptions due to UE Scell addition/release are allowed but since the addition/release signalling are RRC signalling thus the exact place of Pcell interruption are unknown by BS. But the frequency of the addition/release case is network controlled.
· Multiple DL Scells will be introduced in the specification and the current specification would likely be used as a starting point. With the Multiple DL Scell case the interruption and packet loss rate may be equal in each Pcell and activated Scells – however that depends on the UE architecture which is not decided yet. Considering multiple Scell configuration, it is necessary to have a comprehensive analysis giving a good overall visibility of the impact from packet drops for all scenarios. 
· And it was already agreed in [2] a UE that cannot perform inter-frequency/RAT measurements without introducing interruption for its active receiver chain shall indicate need for gap-assisted measurements to the network, so that the interruptions is in a network controlled manner. 
2
The impact of the invisible interruptions 
Based on RAN4 discussion for the deactivated Scell measurement, the UE Pcell interruption occurrences are not visible for the BS. The packet loss will happen unexpectedly from BS point of view and not due to the channel condition. That is unlike with the network controlled/acknowledged interruption cases. 
On UE side there are also several factors to take into account:

1) Allowing UE autonomous interrupts was introduced e.g. to allow UE power savings.

2) 5ms interrupts was aimed at intra-frequency CA case

3) 1ms interrupts was aimed at inter-frequency CA case ([1] ms is still under discussion)

4) PCell interrupts with 0.5% probability of missed ACK/NACK was introduced for both intra- and inter-band CA cases.

And currently interrupts due to Scell measurements are only allowed for measCycleScell >= 640ms.
Focus of the current discussion is allowing interrupts due to SCell measurement on deactivated SCell for measCycleScell cycle shorter than 640ms. The reason for this is to allow for better UE power saving in a more generic manner. Allowing good UE power saving opportunities is of course beneficial but we also need to consider the overall system impact. One aspect we need to make clear is which level of packet loss RAN4 can agree on – i.e. what is included in the RAN4 requirements – e.g. the current 0.5%, the newly proposed 1% probability of missed ACK/NACK or some other level.

Additionally RAN4 should consider which types of UE’s that would have a need or benefit from such interrupts. Would this be limited only to certain implementation (e.g. UE’s with single chip implementation of CA) or would it be more general e.g. covering all CA capable UE’s.
In test of measCycleScell >=640ms, the UE shall be scheduled on PCell continuously throughout the test. From the start of T1 until the measurement report is received during T2, at least 99.5% of all expected ACK/NACKs shall be transmitted by the UE (as in 36.133 A.8.16), where PDCCH indicating a new transmission on the PCell shall be sent continuously to ensure that the UE sends ACK/NACKs throughout the test. That means only ACK/NACK lossed in UL be taken into account.  
Having a 0.5% probability of missed ACK/NACKs due to measurements means that 5 ACK/NACK can be lost per second. The requirement only mentions missed ACK/NACK and the test case only tests missed ACK/NACK in UL. Therefore it should be clarified whether it then covers both missed ACK/NACK in DL as well as in UL.

Proposal: Clarified whether it then covers both missed ACK/NACK in DL as well as in UL.

The test case mentions 'expected ACK/NACKs shall be transmitted by the UE'. Looking at the details of the interrupt such an interrupt will cause loss of DL reception and i.e. loss of PDCCH reception (and ACK/NACK’s transmitted), i.e. the UE will lose ACK/NACKs sent by network due to UE UL transmissions. Additionally the included DL allocation is lost (packet drop) as well as the UL allocation is lost. From this it is visible that ‘packet drop’ of 1 sub-frame due to interrupt only refer to DL packet drop. The additional effects of losing the PDCCH should also be considered. 

On the basis of the 1% ACK/NACKs proposed in [1], each interrupted TTI will impact 3 DL + 4 UL packets Tx for this UE: 
1. DL packets:

a. Interrupted DL SF#N, which will introduce the PDCCH/PDSCH loss in this SF, and then the ACK/NACK for DL SF#N is missing. This is the direct DL packet drop impact.
b. DL SF#(N-4) transmission is impacted since the UL SF#N was interrupted such that the corresponding ACK/NACK for DL SF#(N-4) is not transmitted.   
c. DL SF#(N+4) needs to be retransmitted DL SF#(N-4) and the DL SF#N, scheduling resource will be wasted but no ACK/NACK missing.   

2. UL packets:
a. Interrupted UL SF#N, which will introduce the PUCCH/PUSCH loss in this SF, and then the ACK/NACK for UL SF#N is missing.

b. UL SF#(N-4) transmission is wasted since the DL SF#N was interrupted that the corresponding ACK/NACK for UL SF#(N-4) is missing.

c. UL SF#(N+4) the UL transmission was missing in the interrupted DL SF#N, and the UE will receive NACK of missing UL transmission
d. UL SF#(N+4) need to retransmit of UL SF(N-4) as UE did not receive DL ACK/NACK in SF#N, scheduling resource will be wasted but no ACK/NACK missing.    

e. UL SF#(N+4) needs to be retransmitted as UL grant in SF#N was lost, the corresponding scheduling resource will be wasted.
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Figure 1: the impact packets loss due to 1 TTI interruption.
The interruption impacts of course depends on the scheduling but it impacts both the UE and capacity, and the impacts are not able to be calculated simply by looking at the loss of expected ACK/NACKs transmitted by the UE. I.e. the impact is larger than 1% ACK/NACK loss.  

· for this single CA UE: increased 1% loss rate for PUCCH or PUSCH, PDCCH, PDSCH (on top of the level in normal Demod requirements) + forced reTx + wasted Tx + wasted UL grant

· for capacity: may have some loss if with large amount of CA UE with deactivated Scell. 

With the further evaluation on the accumulated error, especially for cell edge UEs, the following observations are raised: 
· UL impact, e.g. UE UL power control parameter changes, and if with the added 1% drop out rate on top of the current demod requirements, impact to the UL coverage was evaluated but seems not much impact.   
· Measurement accuracy: which is much relevant with the measurement opportunities in each measurement cycle.

· If keeping ACK/NACK drop rate of 1%, UE can only with at most 2 TTIs interruption each 320ms (actually with drop rate 1.25%), that is single measurement per 320ms. Whether the measurement accuracy requirements could be met with a single measurement per 320ms is still an issue but not evaluated in this paper. Currently there is no test case to verify the UE accuracy requirements under the condition of UE autonomous interruption.
·  PDSCH: For the PDSCH, each interrupted TTI will impact two ACK/NAKs.  The interruption TTI will not send an ACK/NACK and the UE will not see the downlink assignment and will not send ACK/NACK in TTI+4. 
· Real PDCCH failure rate: Actually if the impact is 3 DL and 4 UL, failures on both of these impact the PDCCH.  That is 7/320 or more if they need additional measurements for improved accuracy. This 2.5% would be on top of the 1% real PDCCH failure target for a total of 3.5%.
· PDCCH and system capacity: the additional 1% loss will increase UE UL power due to UL packet loss. The dropouts will increase the ‘power’ used on the PDCCH. The issue is that the BS will detect a dropout and believe the reason is that the UE did not receive the related PDCCH message (for either a downlink assignment or uplink grant). The BS will then increase the PDCCH power for this UE and the effect over time will drive the CCE aggregation level of the UE to 8 CCEs. This will have a pretty big impact on the number of UEs that can use the PDCCH and have a big impact on system capacity. 
· OLLA&OLPC impact: The BS expects an error rate of the same level as specified in Demod requirements. Then the additional 1% loss will double the OLLA and OL power control effect: 

· increase UE UL power due to UL packet loss ( Power consumption may not be really resolved 

· adjust the DL and UL scheduling (lower performance and low capacity, esp. UL capacity for cell edge UE.

In Table 1 we have captured the impact from UE autonomous interrupts based on the discussion here. We propose to discuss and agree in RAN4 on figures of the overall impact of introducing interrupts.
Table 1: comparisons on cases of difference ratio on ACK/NACK (for DL according to test case) drop-rate
	Probability of missed ACK/NACK
	0%
	0.5%
	1%

	Missed ACK/NACK for DL Transmission 
(according to the test)
	As baseline
	5 ACK/NACK per 1s(
1.6 ACK/NACK for DL per 320ms
	10 ACK/NACK per 1s (
3.2 ACK/NACK for DL per 320ms

	Relevant interrupted TTI 
	
	0.8 TTI for DL per 320ms
	1.6 TTI for DL per 320ms

	X time measurement  
(assuming2 TTI for switching on and off)
 per 320ms
	
	0.4 time switch on and off
	0.8 time switch on and off

	The real PDCCH failure

	
	Could be 1.75% =0.8TTI*7/320
	Could be 3.5% = 1.6TTI*7/320

	UL coverage impact 
	
	Impact may be not large
	Impact may be not large

	DL PDCCH power
	
	Will be enlarged
	Will be enlarged

	System capacity
	
	Will be reduced
	Will be reduced

	Different PDCCH OLLA targets for the measurement case
	
	The PDCCH DTX + HARQ ACK/NACK errors introduced by UE glitching could consume all or large part especially with OLLA with an accurate target
	The PDCCH DTX + HARQ ACK/NACK errors introduced by UE glitching could consume all or large part especially with OLLA with an accurate target.


Increasing the interruption percentage would mean increase in BS impact (and likely system impact). One error due to interrupt is likely not be harmful however in the long run and with more interrupts it may impact the network ability to keep the right error rate and the correct OLLA behaviour. 
Additionally we might need to consider PDCCH performance of a different value when Scell is on measurement. It would not be able to keep the previous accurate BLER target e.g. 1% for PDCCH (and other control channels, especially PUCCH). Thus other demodulation requirements may be impacted. 
Based on the discussion here and the numbers in table 1 it is clear that increasing the frequency of interrupts will have impact on network, UE and system level. The scale of the impact of course depends on the scenario. While acknowledging the impact we also find it important to find a solution to the problem discussed such that the system also allows for efficient operation including enabling efficient UE power savings. We therefore propose to discuss solutions that can allow for the UE power savings while taking the network and system impact into account.
Proposal: Discuss solutions that can allow for the UE power savings while taking the network and system impact into account.
Keeping current approach of adding interruptions with the drop-rate of ACK/NACK seems inefficient, and changing the measurements might impact the requirements and going for very frequent interrupts is likely not acceptable in terms of system losses. 

Some possible solutions could be further discussed, e.g. introducing visible interruption, or consider PDCCH performance of a different value when Scell is on measurement thus other demodulation requirements may be impacted.
4
Conclusion 
From the analysis, it seems introducing 1% probability of missed ACK/NACK for invisible interruptions in 320ms measurement cycle case will introduce the dramatic system impact.
And considering the UE power consumption and further potential multiple CC CA case, it would be good to have further discussion.

Proposal: Discuss solutions that can allow for the UE power savings while taking the network and system impact into account.
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