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1 Introduction
The WF [1] to investigate additional interruption requirements was agreed in RAN4#74 meeting, and there were initial discussions in RAN4#74bis meeting [2][3][4]. The action for future meeting was agreed as follows.
Action for future meeting: bring in more analysis on the power saving and network impact assuming 0.5% interruption. New signaling will not discussed.
In this paper, we will analyze the power saving and network impact assuming 0.5% interruption rate.
2 Discussion
It is commonly understood in RAN4 that UE configured to receive ProSe Direct Communication has to monitor ProSe SA in the beginning of each SA period, in order to know whether there is ProSe Data intended for the UE in the remaining of the SA period. Therefore, the dedicated chain for the reception of ProSe Direct Communication must be kept ON for subframes in the SA resource pool. 
Assuming 0.5% interruption rate, UE is allowed to switch off the dedicated chain after SA resource pool, if there is no ProSe Data intended for the UE, or if the ProSe Data transmission is scheduled sparsely. In any case, the UE can only switch off the dedicated chain during the SA period, since in the end of each SA period the chain must be switched on to monitor ProSe SA of the next SA period. 
Observation 1: In each SA period UE can only switch off the dedicated chain after SA resource pool, and it must switch on the chain in the before the next SA period. 
In the following, we will analyze the UE power saving with different duty cycles of SA period. The possible SA period is {40, 80, 160, 320}ms for FDD. For the simplicity, it is assumed that SA resource pool will take 5% of subframes in the SA period; also a parameter A is denoting the percentage of SA periods without any ProSe Data transmission. It should be noted that in this paper we only consider the power saving by switching off the dedicated chain when there is no ProSe Data intended for the UE, since it has been argued [3] in the last meeting that the typical application of ProSe Direct Communication would require UE to receive ProSe Data in regular manner.  
The power saving is measured by the number of subframes during which the dedicated chain can be switched off in a window of 1600ms. A 0.5% interruption rate means 8 subframes can be interrupted, or 4 SA periods during which interruption can happen. The percentage of SA periods that can be interrupted is calculated as 4 divided by the number of SA periods in the 1600ms window. The calculated percentage of subframes that can be switched off in the 1600ms window is shown in Table 1 for A=1 and A=0.5 cases, but can easily be scaled for other values of A.
Table 1 UE power saving with 0.5% interruption rate
	SA period (ms)
	% of SA periods that can be interrupted
= 4/(number of SA periods in 1600 ms window)
	# of subframes that can be switched off in each SA period
=95% subframes in the SA period
	% of subframes in the 1600ms window with A=1
=100%*4*(number of subframes that can eb switched off in each SA period)/1600
	% of subframes in the 1600ms window with A=0.5
=50%*4*(number of subframes that can eb switched off in each SA period)/1600

	40
	10%
	38
	9.5%
	4.8%

	80
	20%
	76
	19%
	9.5%

	160
	40%
	152
	38%
	19%

	320
	80%
	304
	76%
	38%



From the table it can be observed that more UE power saving can be achieved with larger SA period and/or larger percentage of SA period without ProSe Data intended for the UE. At maximum 76% of subframes can be switched off when there is no ProSe Data transmission.
Observation 2: With fixed interruption rate of 0.5%, UE power saving is depending on the SA period, and the percentage of SA period without ProSe Data transmission. At maximum 76% subframes can be switched off when there is no ProSe Data transmission with SA period of 320ms.  
On the additional interruption requirements, the network impact of 0.5% interruption rate was already discussed for CA. The solution for CA from Rel-11 is to allow network control whether interruption is allowed, and in case it is not allowed, interruption can only happen when the measurement cycle of deactivated SCell is ≥640ms. In Rel-10 where the network control was not introduced, interruption is only allowed when the measurement cycle of deactivated SCell is >=640ms. Since it has been agreed in last meeting that no new signalling will be discussed in Rel-12, we think RAN4 need to be careful whether the power saving gain can justify the network impact. In CA, the interruption is only allowed with 640ms measurement cycle, where more than 98% subframes in the measurement cycle can be switched off. 
Observation 3: In CA discussion, considering the network impact, interruption is allowed only with ≥640ms measurement cycle when there is no network control, where more than 98% subframes in the measurement cycle can be switched off. 
Since the meaningful power saving can only be observed with large SA period, one may consider to only allowing interruption with large SA period like 160/320ms. It should be noted that unlike SCell measurement cycle, the configuration of which is a trade-off between measurement performance and UE power consumption, the configuration of SA period is not intended for UE power saving, so it may not be proper to only allowed interruption for certain SA period, otherwise network may be forced to use small SA period if it wants to avoid the impact due to interruption.
Observation 4: It is not proper to only allow interruption for certain SA periods considering network configuration flexibility.
Considering that the discussion is for Rel-12, where ProSe Direct Communication is mainly for public safety, we don’t think much time and efforts should be spent on this optimization with impact to core requirements of the closed WI. Based on above analysis, we observed that allowing additional interruption could provide some UE power saving  gain during ProSe Direct Communication, but the gain is lower, and sometimes much lower, compared to CA SCell measurement, for which same amount of interruption is allowed. Therefore, we think additional interruption should not be allowed. 
Proposal: Additional interruption during ProSe Direct Communication is not allowed.
3 Conclusions 
In this paper, assuming 0.5% interruption rate, we analyzed the UE power saving gain and network impact. The following have been observed.
Observation 1: In each SA period UE can only switch off the dedicated chain after SA resource pool, and it must switch on the chain in the before the next SA period. 
Observation 2: With fixed interruption rate of 0.5%, UE power saving is depending on the SA period, and the percentage of SA period without ProSe Data transmission. At maximum 76% subframes can be switched off when there is no ProSe Data transmission with SA period of 320ms.
Observation 3: In CA discussion, considering the network impact, interruption is allowed only with ≥640ms measurement cycle when there is no network control, where more than 98% subframes in the measurement cycle can be switched off. 
Observation 4: It is not proper to only allow interruption for certain SA periods considering network configuration flexibility.
Based on above observations, we have the following proposal.
Proposal: Additional interruption during ProSe Direct Communication is not allowed.
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