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1 Introduction
In 36.133 there are many interruption based requirements which are specified either explicitly or implicitly in terms of TTI. For example, a requirement on a certain number of ACK or NACK implicitly means that a number of TTI need to be received and ACK/NACK feedback transmitted. If we consider use of a short TTI (sTTI) then an interrupt having the same time duration (eg in milliseconds) will have a different impact to ACK/NACK because there are more received TTI and feedback opportunities within the same time duration. Moreover, it may also be possible to consider a shorter physical interruption time. The reason is that RAN4 has typically assumed that due to the usage of 1ms TTI, interruptions of less than 1ms will cause a whole TTI to be lost. With the use of sTTI there is greater granularity in terms of the impact of interruptions. For example, 2-os corresponds to 133uS, so now it is worth considering interruptions while thinking about 133uS granularity rather than 1ms granularity,
2 Discussion

We begin by reviewing some of the requirements where interruptions are specified in 36.133. These include
· Carrier aggregation and dual connectivity

· CGI reading
· ProSe
Considering the necessary requirements changes for each of these

Carrier aggregation
There are two scenarios where interruptions are allowed – SCell activation/deactivation and due to deactivated SCell measurement activity. For SCell activation/deactivation interruptions, this is specified as a number of subframes, eg 5 subframes for intraband CA activation and 1 subframe for interband CA activation. The interruptions should occur within a specified time window. For measurement activity the interruption is specified as a percentage missed ACK/NACK probability eg 0.5% missed ACK/NACK is allowed.

For SCell activation/deactivation, interruption of 5 subframes is specified for intraband CA and 1 subframe is specified for interband CA. It does not seem particularly feasible to shorten the activation/deactivation interruption for the intraband activation case where 5 subframes is specifed. For the 1 subframe interband case it is likely that the starting or stopping of an RF chain causes a glitch of less than 1ms, however 1 subframe has been specified by RAN4 since loss of part of a TTI still results in the TTI not being received. For sTTI the interruption time should be reviewed
Proposal 1 : CA Activation/deactivation interruption requirements for intraband CA are not changed by the sTTI work item. 
Proposal 2 : The duration of an interband CA addition and  activation interruption is discussed with a view to specifying shorter interruption for sTTI.
For measurements, when sTTI is used the number of TTI in a certain time (eg one deactivated SCell measurement cycle) will be greater. However, the interruption is specified as a probability percentage and since both the overall number of TTI would increase, and also the number of TTI impacted by interruptions, as a good approximation the 0.5% probability should still be applicable. Moreover, 0.5% is a number which was agreed as a compromise between reducing the system impact of interruptions while allowing for power saving opportunities so does not need to be modified when sTTI or faster processing time is used.
Proposal 3: CA measurement interruption requirements where 0.5% missed ACK/NACK probability is currently allowed can also apply cases when sTTI is used

Cell Global Identifier reading

In deriving CGI reading requirements with autonomous interruptions, the following steps can be identified
a) AFC acquisition
b) Decoding of MIB with known frame timing but unknown SFN (mod 4) such that which PBCH transmission is the first transmission of the MIB is unknown
c) Decoding of SIB1 based on the SFN derived from the MIB in step a) such that CGI can be decoded.

When using sTTI, the durations of the autonomous gaps (eg in milliseconds) will not be impacted, but due to the different TTI and HARQ feedback schemes, there will be impact to the corresponding missed ACK/NACK rate. We have evaluated the transmitted ACK/NACK rate for different sTTI (for now, assuming the same sTTI on the DL and UL) and results are provided for FS1 in table 1 and for FS2 in table 2.

	TTI length in cell1
	N (number of UL ACK/NACK sent by the UE in cell1 during T0)

	1 ms
	60

	2-OS
	465

	4-OS
	279

	7-OS
	164


Table 1 : Number of ACK/NACK set for different TTI lengths for FDD FS1

	UL/DL configuration
	Minimum number of transmitted ACK/NACKs for 1ms TTI
	Minimum number of transmitted ACK/NACKs for 7os TTI

	0 (Note 1)
	18
	

	1
	35
	

	2
	43
	65

	3
	36
	

	4
	39
	

	5
	42
	

	6
	30
	


Table 2 : Number of ACK/NACK set for different TTI lengths for TDD FS2

Although the number of transmitted ACK/NACK is increased for sTTI, it should also be emphasised that the number of missed ACK/NACK is increased as well, since the total number of ACK/NACK during the 150ms CGI reading period increases. It can also be seen from the results that the transmitted ACK/NACK rate does not scale linearly with TTI length with the sTTI configurations being slightly more efficient when considered from a parentage missed ACK/NACK point of view. RAN4 should perform an evaluation to derive the requirements for CGI reading interruptions with sTTI.

So far we have assumed that the UL and DL are using the same sTTI length. However, it is also possible to use different TTI length for UL and DL. In general, ACK/NACK is missed either because the autonomous gap stops the reception of the downlink, or because the downlink is received but the ACK/NACK cannot be transmitted due to missed UL opportunity (or both in the case of a sufficiently long gap). Hence cases with different DL and UL TTI length should be evaluated.
Proposal 4 : RAN4 evaluates the ACK/NACK requirements for CGI reading with sTTI. Evaluation should be performed for different DL and UL TTI lengths
ProSe
Table 3 summarises main ProSe interruption requirements which are currently specified.

	Interruptions at ProSe Direct Discovery configuration
	1 subframe on PCell and on any activated SCell

	Interruptions at ProSe Direct Communication configuration
	1 subframe on PCell and on any activated SCell

	Interruptions during ProSe Direct Discovery (serving carrier)
	The UE is allowed an interruption of up to 1 subframe that is N subframes before and after a UL subframe configured for ProSe Direct Discovery by a serving eNodeB. For discovery period less than 320ms, the allowed interruptions are additionally limited up to 0.625%.

	Interruptions during ProSe Direct Discovery (non serving carrier), no gaps requested
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	Interruptions during ProSe Direct Discovery (N non serving carriers), no gaps requested
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	Interruptions during ProSe Direct Discovery with discovery gaps
	Uplink interruption is allowed on a subframe configured as downlink reception gap (using discRxGapConfig) if either the subframe immediately preceding or immediately following that subframe is not configured as reception gap; and,

- 
If ProSe Direct Discovery is on a non-serving FDD carrier and that carrier is used for ProSe synchronization, then uplink interruption is additionally allowed on 1 subframe in a discovery period. The interrupted subframe(s) shall be within the subframes configured as reception gap using discRxGapConfig; and,

- 
If ProSe Direct Discovery transmissions are on carrier that is not configured for uplink, then UE is allowed to additionally interrupt the serving cell(s) on up to 2 subframes for each discovery/SLSS transmission configured in a discovery period. The interrupted subframe(s) shall be within the subframes configured as transmission gaps using discTxGapConfig.

	Interruptions during ProSe Direct Communication (non serving carrier)
	When ProSe Direct Communication is on a non-serving carrier and the PCell is not broadcasting SIB18, then interruptions to serving cell(s) is allowed with up to 0.5% probability of missed ACK/NACK. Furthermore, when ProSe Direct Communication is on more than one non-serving carrier, the aggregate interruptions to serving cell(s) is allowed with up to min(2%, 0.5%×N) probability of missed ACK/NACK with N non-serving carriers.




We now discuss the impact to the various ProSe requirements from sTTI
· Interruptions at ProSe Direct Discovery configuration

· Interruptions at ProSe Direct Communication configuration

· Interruptions during ProSe Direct Discovery (serving carrier)

For all of these requirements the UE is currently allowed a 1 subframe interruption. It is likely that the starting or stopping of an RF chain causes a glitch of less than 1ms, however 1 subframe has been specified by RAN4 since loss of part of a TTI still results in the TTI not being received. For sTTI the interruption time should be reviewed

Proposal 5 : RAN4 discusses the interruption durations occurring during ProSe direct discovery configuration, direct communications configuration and direct discovery on the serving carrier with a view to specifying shorter interruption
· Interruptions during ProSe Direct Discovery (non serving carrier), no gaps requested

· Interruptions during ProSe Direct Discovery (N non serving carriers), no gaps requested

For the requirement for Interruptions during ProSe Direct Discovery (non serving carrier), no gaps requested, we discuss how the original requirement was derived. Figure 1, taken from [1] shows how the requirement is derived.
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Figure 1: Illustrative example of interruptions that can be tested for a UE with spare receiver chain for discovery on non-serving frequency. In this example, UL interruptions due to the three retunes can be tested.

There are 3 interruptions to the serving cell uplink and downlink, occurring when 

the D2D carrier is switched on for DL operations

the D2D carrier is switched from DL operation to UL operation

the D2D carrier is switched off.

Since each interruption causes impact to the WAN uplink and downlink, each interruption causes 2 missed ACK/NACK, one because a PDSCH TTI is not received and one because the HARQ ACK/NACK related to an earlier PDSCH TTI cannot be transmitted. Hence there are 6 missed ACK/NACK assumed per discovery period, giving the interruption rate as a percentage of (6/discPeriod)x100%. If this is performed on N D2D carriers then the interruptions are cumulative, allowing that different discPeriodi may be used on different D2D carriers.
The terms 0.5% and 2% were agreed by RAN4 as a compromise to ensure that the interruptions described above do not cause undue system level impact to the WAN. In case the UE would cause more than 0.5%/2% missed ACK/NACK rate, one alternative is to leave the D2D RF powered on between some discovery operations, although this naturally has impact to power consumption.

Considering the requirements when the UE is configured with sTTI, then similarly to the discussion above, each interruption should cause less than 1ms of data to be lost. It is possible that an interruption will cause more than one sTTI to be lost, especially if 2 OS TTI is in use. In addition, when different sTTI length is used on the downlink and uplink it is no longer accurate or correct to multiply the number of interruptions by 2 to derive the number of missed ACK/NACK.To derive the requirement RAN4 needs to discuss the duration of the interruptions caused by using a spare RF chain for D2D operations. It is then fairly straightforward to match the interruptions to possible sTTI configurations for the uplink and downlink and derive the missed ACK/NACK factor. Potentially, the requirement can be expressed as
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And the factor k is specified in a table for different sTTI configurations on uplink and downlink. Since the 0.5% and 2% factors are specified to protect the WAN and do not relate to the TTI length, it seems reasonable to keep the same values.

Proposal 6: RAN4 discusses the interruption durations occurring during ProSe direct discovery using a spare RF chain to specify the correct missed ACK/NACK rate for different UL and DL sTTI configurations

· Interruptions during ProSe Direct Communication (non serving carrier)
This requirement is primarily specified to protect the WAN, and it seems reasonable to keep the same values with sTTI

Proposal 7: It is proposed not to modify the requirements for Interruptions during ProSe Direct Communication (non serving carrier) due to the sTTI and processing time reduction work item
3 Conclusions

In this contribution we discuss impacts to interruption based requirements for work on sTTI and processing time reduction. The following proposals are made based on the analysis :
Proposal 1 : CA Activation/deactivation interruption requirements for intraband CA are not changed by the sTTI work item. 

Proposal 2 : The duration of an interband CA addition and activation interruption is discussed with a view to specifying shorter interruption for sTTI.
Proposal 3: CA measurement interruption requirements where 0.5% missed ACK/NACK probability is currently allowed can also apply cases when sTTI is used

Proposal 4 : RAN4 evaluates the ACK/NACK requirements for CGI reading with sTTI. Evaluation should be performed for different DL and UL TTI lengths
Proposal 5 : RAN4 discusses the interruption durations occurring during ProSe direct discovery configuration, direct communications configuration and direct discovery on the serving carrier with a view to specifying shorter interruption

Proposal 6 : RAN4 discusses the interruption durations occurring during ProSe direct discovery using a spare RF chain to specify the correct missed ACK/NACK rate for different UL and DL sTTI configurations

Proposal 7 : It is proposed not to modify the requirements for Interruptions during ProSe Direct Communication (non serving carrier) due to the sTTI and processing time reduction work item
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