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1 Introduction
This paper discusses requirements on PCell interruption with respect to UE power consumption for ProSe Direct Communication according to the way forward document in [R4-151124].
2 ProSe Interruptions
2.1 Background

For ProSe Direct Communication two types of resource allocation exist: mode 1 and mode 2. In mode 1, the SA resources and ProSe data resources are allocated by the serving eNB. In mode 2 the UEs are explicitly allowed to choose resources from the resource pools. ProSe data transmission takes place 4 ms after reception of SA. The length of SA period is configurable by the eNB. The possible values are as follows [3]:
SL-PeriodComm information element

-- ASN1START

SL-PeriodComm-r12 ::=                ENUMERATED {sf40, sf60, sf70, sf80, sf120, sf140,

                                            sf160, sf240, sf280, sf320, spare6, spare5,
                                            spare4, spare3, spare2, spare}

-- ASN1STOP

The SA period comprises a set of subframes for reception of SA followed by ProSe data transmission, as exemplified in Figure 1. 
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Figure 1: Illustration of ProSe reception 
2.2 Discussion

It is a common understanding and agreement in RAN4 that switching a receiver chain, e.g. dedicated ProSe receiver chain, ON/OFF causes an interruption of 1 subframe on the WAN. The way forward document in [1] raises the question of UE power consumption due to that the dedicated ProSe RX chain is kept ON continuously. Since it is not possible to configure the UE with DRX on the ProSe RX chain only, a new approach needs to be taken to address the issue of power consumption. 
The SA contains necessary information about the ProSe data transmission, and this is the case for both mode 1 and 2. Thus it is necessary that the UE reads SA. One approach would be to require the UE to be awake and monitor the SA. If SA indicates that there will be ProSe data transmission for that particular UE, then the ProSe UE may keep the receiver chain ON. On other hand, if SA indicates that the UE is not expecting any data transmission, then the UE may choose to turn the reciver chain OFF until the next SA reception. This way the UE may reduce the power consumption during the time there is no ProSe data transmission intended for that UE and the amount of interruptions will depend on the frequency of SA.  

For example, if SAs are transmitted very frequently, e.g. every 40 ms, this may result in that the WAN is interrupted frequently. Also the gain in power consumption will not be very large for lower periodicity of SA. This case may result in that the UE sleeps and wakes up every 40 ms, resulting in 2 ms of interruption. The first interruption takes place when the UE goes to sleep (turning receiver chain OFF) and the second interruption takes place when the UE wakes up (turning ON the receiver chain). This corresponds to 2 ms of interruption in the WAN every 40 ms, resulting in severe impact on the WAN performance. The gain in power consumption depends the SA periodicity. For higher SA periodicity, more power consumption gain can be realized. However, the highest configurable SA periodicity that is supported today is only 320 ms which means quite frequent SA receptions. 
· Observation #1: Turning the receiver chain ON/OFF between SA receptions in order to allow a ProSe Direct Communication UE to monitor the SA may cause severe impact on WAN performance.
Another approach would be to allow interruption for reducing UE power consumption purpose as long as the WAN interruption rate is maintained under a certain threshold, T1. The advantage of this approach is that the interruption is triggered by the UE and it does not necessarly have to be before/after SA. It is up to the UE implementation to decide when the interruption takes place. In this case, the important WAN subframes such as paging and system information need to be protected. 
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Figure 2: Example scenario where the receiver chain is adapted based on SA reception contents. 
Figure 2 illustrates the scenario in which the UE may turn ON/OFF the receiver chain at different time instances. In this figure, UE always monitors the SA and based on the content on the SA the UE may choose to turn OFF the receiver chain. At time T1 UE receives SA and finds out that no ProSe data TX/RX is expected for this particular user. Thus in order to save power the UE turns OFF the receiver chain until time T2 in which the UE wakes again and monitors the SA. In this case SA indicates that ProSe data TX/RX is expected to take place for that UE. Thus the UE chooses to keep the receiver chain ON until the ProSe data TX/RX is completed. Before deciding upon turning ON/OFF the receiver chain, the UE may compare the actual interruption rate to a maximium allowed interruption rate in order to not impact the WAN performance. At time T3, UE decodes the SA and finds out that it is expecting ProSe data TX/RX. Compared to action taken at T2, in this case the UE chooses to turn OFF the receiver chain until the the point where the ProSe data TX/RX starts as long at the maximum interruption rate is maintained. At time T4, the UE again monitors the SA and only keeps the receiver chain ON if it is expecting ProSe data TX/RX which it does not in this case. Finally in T5, the UE has reached the maximum interruption rate. Hence it chooses to keep the receiver chain ON throughout in order to no cause any further interruption on the WAN.
Turning OFF the receiver chain when the UE is configured with very high SA frequency (e.g. in the order of hundreds of ms or seconds) may result in larger gain in power consumption than at lower SA frequency, e.g. 40 ms. Figure 2 exemplifies the case when the UE turns OFF the receiver chain just before start of the SA and end of SA. The UE may also do that in a subframe level of granularity. As an example, the UE may look at the bitmap contained in the SA and only turn ON the receiver chain when bitmap indicates ProSe operation (1) and it may turn OFF the receiver chain when no ProSe is indicated (0) resulting in additional gain in power consumption. This is illustrated in Figure 3. 
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Figure 3: Example scenario where the receiver chain is adapted based on bitmap contents 
Despite the examples given above, it is believed that in practice turning receiver chain ON/OFF may be very difficult to realize given that the WAN performance highly depends on this and also given that the services which are run over ProSe Direct Communciation may not give this freedom as explain below. 

For typical ProSe Direct Communication applications UE may be required to receive packets or transmit packets at regular intervals. For example if VoIP is run over ProSe Direct Communication, typically VoIP packets may be transmitted or received as often as every 20 ms. In such cases the bitmap pattern may contain mostly ProSe subframes meaning that it may not be beneficial to turn receiver chain OFF inbetween inactive periods. If a bitmap contains no ProSe subframes, then such bitmaps may not be very useful for practical applications. The consequence of turning receiver chain ON/OFF would have severe impact on WAN performance which is already subject to interruptions due to ProSe while the power consumption gain would only be small.
In addition, the UE is required to have the received chain turned ON in order to receive SA. If SAs are not received then the UE may not know current SA message was intended for that UE and whether any expected any ProSe data transmissions. Therefore it is believed that turning OFF the receiver chain for longer period than SA frequency may result in that UE fails to receive vital control information and UE may not able able to carry out the ProSe Direct Communication in a reliable manner. Since the SA frequencies which are supported for ProSe Direct Communication is relatively low (highest SA frequencye is 320 ms), the interruption rate would be very high on WAN. 
· Observation #2: Typical ProSe Direct Communication applications may have frequent data transmissions which make it inefficient to turn OFF receiver chain based on bitmap pattern from a WAN perspective. 
· Observation #3: ProSe UE is required to receive SAs. Turning OFF receiver chain between for longer duration than SA frequency may lead to significantly degraded WAN performance. 
It can also be recalled from previous related studies in RAN4 that a maximum interruption rate of 0.5 % was defined for CA for DRX length of 640 ms which is twice the highest SA periodicity (320 ms) for ProSe [2].  Based on the discussion above, considering the WAN system impact and the achieveable gain in power consumption, it is proposed that
· Proposal #1: No further interruption is allowed for ProSe Direct Communication operation and no need to introduce any interruption rate.  
3 Summary

In this contribution we have discussed the power consumption issue for ProSe Direct Communication UE. We have presented different approaches for reducing power consumption. It is, however, believed that these methods may still result in significant impact on WAN performance. Thus the following have been proposed in this contribution:
Proposals: No further interruption is allowed for ProSe Direct Communication operation and no need to introduce any interruption rate.  
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