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1 
Introduction
In the previous RAN4 meetings, the following agreements were achieved for PCell interruptions during ProSe Direct Communication [1].  
	· Proposal #1: RAN4 will investigate the requirements of existing PCell interruption for ProSe Direct Communication on the UE power consumption in TEI12.
· Proposal #2: Based on the outcome of the investigation RAN4 will decide whether additional PCell interruption requirements are needed or not for ProSe Direct Communication e.g. 
· Need for Pcell interruption requirements to allow switching ON/OFF receiver chain dedicated for ProSe reception during ProSe direct communication. 
· Proposal #3: Any additional PCell interruption requirements if decided to be specified, shall take into account:
· UE power consumption benefit and
· System impact.   


And in the last RAN4 meeting, PCell interruption during ProSe Direct Communication were discussed [2][3] but without any agreement. In this contribution, more comprehensive analysis will be provided from the two perspectives below:
· Power saving benefits 

· System impact on the network
2 Background of D2D interruption during ProSe Direct Communication

Based on latest RAN2 agreements [4], D2D interruption to WAN data is allowed until IE “SidelinkUEInformation” is acknowledged by eNB with “SL-CommConfig”. “SidelinkUEInformation” is used to indicate D2D capable UEs’ interest on D2D communication (e.g. “D2D start” or “D2D stop”). The aforementioned operation can be illustrated in Figure 1 for D2D capable UE which has 2 Rx chains with  one of them dedicated for D2D Rx. 
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Figure 1. D2D interruption with 2Rx (1Rx is dedicated for D2D Rx)

As shown in Figure 1, after the D2D UE indicates its interest on D2D communication by “SidelinkUEInformation”, eNB will acknowledge D2D UE’s indication with new “SL-CommConfig” message [4]. Consequently the D2D UE will start its D2D reception over M*saPeriod. It is possible  there is not contiguous D2D data scheduled over M*saPeriod.  When D2D UE is no longer interested in D2D communication, an IE “SidelinkUEInformation” is sent and the corresponding acknowledgement by eNB can be granted via “SL-CommResourcePool” With that, D2D UE can turn off this D2D Rx chain. The details of related  RRC signaling IEs are provided below
	SL-CommConfig information element
-- ASN1START

SL-CommConfig-r12 ::= 



SEQUENCE
{


commTxResources-r12




CHOICE {



release







NULL,



setup







CHOICE {




scheduled-r12




SEQUENCE {





sl-RNTI-r12





C-RNTI,





mac-MainConfig-r12



MAC-MainConfigSL-r12,





commTxConfig-r12



SL-CommResourcePool-r12,





mcs-r12






INTEGER (0..28) 



OPTIONAL
-- Need OP




},




ue-Selected-r12




SEQUENCE {





-- Pool for normal usage





commTxPoolNormalDedicated-r12
SEQUENCE {






poolToReleaseList-r12


SL-TxPoolToReleaseList-r12 OPTIONAL,
-- Need ON






poolToAddModList-r12


SL-CommTxPoolToAddModList-r12 OPTIONAL
-- Need ON





}




}



}


} 

















OPTIONAL,
-- Need ON


...

}

SL-CommTxPoolToAddModList-r12 ::=

SEQUENCE (SIZE (1..maxSL-TxPool-r12)) OF SL-CommTxPoolToAddMod-r12

SL-CommTxPoolToAddMod-r12 ::=

SEQUENCE
{


poolIdentity-r12




SL-TxPoolIdentity-r12,


pool-r12






SL-CommResourcePool-r12

}

MAC-MainConfigSL-r12 ::= 

SEQUENCE
{


periodic-BSR-TimerSL




PeriodicBSR-Timer-r12 

OPTIONAL, 
-- Need ON

retx-BSR-TimerSL





RetxBSR-Timer-r12

}

-- ASN1STOP

–
SL-CommResourcePool
The IE SL-CommResourcePool specifies the configuration information for an individual pool of resources for sidelink direct communication. The IE covers the configuration of both the sidelink control information and the data.

-- ASN1START

SL-CommTxPoolList-r12 ::=

SEQUENCE (SIZE (1..maxSL-TxPool-r12)) OF SL-CommResourcePool-r12

SL-CommRxPoolList-r12 ::=

SEQUENCE (SIZE (1..maxSL-RxPool-r12)) OF SL-CommResourcePool-r12

SL-CommResourcePool-r12 ::=

SEQUENCE {


sc-CP-Len-r12





SL-CP-Len-r12,


sc-Period-r12





SL-PeriodComm-r12,


sc-TF-ResourceConfig-r12


SL-TF-ResourceConfig-r12,


data-CP-Len-r12





SL-CP-Len-r12,


dataHoppingConfig-r12



SL-HoppingConfigComm-r12,


ue-SelectedResourceConfig-r12


SEQUENCE {



data-TF-ResourceConfig-r12



SL-TF-ResourceConfig-r12,



trpt-Subset-r12





SL-TRPT-Subset-r12 
OPTIONAL
-- Need OP


}















OPTIONAL, 
-- Need OR


rxParametersNCell-r12



SEQUENCE {



tdd-Config-r12




TDD-Config




OPTIONAL, 
-- Need OP



syncConfigIndex-r12


INTEGER (0..15)


} 















OPTIONAL, 
-- Need OR


txParameters-r12




SEQUENCE {



sc-TxParameters-r12



SL-TxParameters-r12,



dataTxParameters-r12


SL-TxParameters-r12


} 















OPTIONAL, 
-- Cond Tx


...

}

SL-TRPT-Subset-r12 ::=


BIT STRING (SIZE (3..5))

-- ASN1STOP


From power saving perspective, the D2D UE should ideally power down/off the D2D Rx chain when there is not D2D communication resource assigned to the D2D UE. In other scenario when scheduling assignment is not successfully decoded, it is better for UE to power down/off for the rest of saPeriod. Completely restricting UE from changing Rx chain power during ProSe Communication does not seems reasonable from powering consumption perspective. However, too frequent Rx chain power change may introduce large interruption rate on WAN (e.g. 2ms every “saPeriod”). 
Observation 1: Completely restricting UE from changing Rx chain power during ProSe Communication does not seems reasonable from powering consumption perspective. A better tradeoff between UE power saving and manageable WAN interruption during ProSe Communication should be achieved. [3]. 
Additionally, in the cellular network UEs need not detect PSS/SSS/PBCH every frame when maintaining the synchronization. Similarly, D2D UE does not need to detect PSSS/SSSS/PSBCH every SLSS periodicity (e.g. 40ms) especially for in-coverage D2D UEs.
Observation 3:  D2D UE needs not wake up every a SLSS periodicity for PSSS/SSSS/PSBCH detection in order to maintain the synchronization with D2D synchronization source. 
3 Analysis on PCell interruption for ProSe Direct Communication
In order to better understand the benefits and system impacts of PCell interruption during ProSe Direct Communication, the following two  scenarios are studied.
Scenarios 1: ProSe Communication with small data package
VoIP is an important public safty application of ProSe Direct Communication. However, VoIP is not the only considered one. In [5] several applications of ProSe Direct Communication are explicitly listed:  

-     The applications to be supported by D2D ProSe communication for Public Safety are voice, location, low speed data (SMS, report/query, sensor, etc.), and pictures (optional video if possible) with voice as the most critical means of communications.
Obviously, quite a few of applications, e.g. low speed data, come with small data packet size. In this case, the corresponding data resource pool can be sparse and D2D communication duration should not be as long as the case of VoIP.
For example, the maximum data payload size of SMS in 3GPP is 140 * 8 = 1120 bits [6]. If the smallest system bandwidth (BW = 1.4MHz) and the lowest MCS (MCS =0) the payload size are assumed, there are 152bits per transport block (TB) in EUTRA[7]. The maximum number of TBs for SMS is ceil(1120/152)=8. When larger bandwidth and/or higher MCS level are used, the required number of TB can be significantly reduced. If 8 TBs for the data and the minimum data pool period of 40ms is assumed, the data pool bitmap is “1111 1111 0000 0000 0000 0000 0000 0000 0000 0000”. In this case, 80% of data pool period has nothing to receive. When the data pool period becomes 320ms, 97.5% of data pool period has nothing to receive.  
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Figure 2: Illustration of Scenarios 1with small package size
In the table below, the evaluation results respect to the different “K”, “saPeriod” are given.
Table 1: Evaluation results of power saving and interruption rate (M=1 as shown in Figure 2)
	saPeriod
	ProSe Direct Communication Duty cycle 
	Total additional interruption 
	Number of subframes with UE power on
	Interruption ratio 
	Power saving benefits



	
	
	
	With interruption  allowed 
	W/O interruption  allowed
	
	

	40ms

	50%
	1 ms

	12
	40
	1.25%
	70%

	
	12.5%
	
	
	40
	0.278%
	70%

	320ms

	50%
	1 ms

	12 
	320
	0.16%
	96.25%

	
	12.5%
	
	
	320
	0.03%
	96.25%


According the evaluation results above, we can conclude:
Observation 4: For some ProSe Direct Communication applications (e.g. SMS, report/query, sensor, etc), if interruption during ProSe Direct Communication is allowed, significant power saving gain can be achieved 
Observation 5: The rate of PCell interruption should be manageable for low speed data applications
Scenario 2: Failed SA reception
If blind decoding for SA is failed, it is impossible to obtain the correct information of D2D data resource. Consequently all of the D2D communication reception within this “saPeriod” will be failed. Thus, it is reasonable to make UE power down/off and ignores the D2D communication after the SA reception failed. For Mode 2 ProSe Direct Communication, higher SA detection BLER is expected due to contention based SA transmission. .

To better understand the impact of SA reception failure on UE power consumption and WAN interruption. An example is given with the key parameters given as below: 
· BLER of SA = 10%
· saSubframeBitmap which indicates subframe reserved for SA resource pool can be “1010 1010 0000 0000 0000 0000 0000 0000 0000 0000”

In this example, the D2D UE keeps power on when SA detected correctly. But when SA blind detection is failed, D2D UE can ture Rx chain off to save power. Whenever D2D Rx chain turns on or off, a 1ms-length interruption is assumed on WAN.
Therefore, the power consumption benefits can be estimated simply as :

(N_subframe_sa + (1-BLER_SA) * saPeriod) / (N_subframe_sa +saPeriod )       (1)

Wherein N_subframe_sa is the number of subframe in which SA resource assigned.
If N_subframe_sa << saPeriod, the power consumption benefits can be same as BLER of SA detection roughly.
On the other hand the interruption rate can be defined as:

2 *BLER_SA /saPeriod               (2)

Thus in the table2 below, the evaluation results respect to the different “saPeriod” are given.
Table 2: Evaluation results of power saving and interruption rate for Example 2
	saPeriod
	Interruption ratio 
	Power saving benefits

	40
	0. 5%
	9%

	80
	0.25%
	9.5%

	160
	0.125%
	9.75%

	320
	0.0625%
	9.9%


Observation 6: The power saving gain is obvious when D2D UE power down/off after the SA reception is failed. The exact power saving gain depends on SA BLER in case of Mode2 ProSe Direct Communication. 
Observation 7: When SA BLER=10% is assumed, the rate of WAN interruption rate can be lower than 0.5% for all saPeriod configurations. The corresponding system impacts can be neglected.  

Based on the analysis on these two cases, significant power saving gain is observed if the WAN interruption during ProSe Direct Communication is allowed. In conclusion, the following proposal can be drawn as:
Proposal 1: PCell interruptions shall be allowed during ProSe Direct Communication. This interruption is for both uplink and downlink of WAN. The interruption for the ProSe UE may occur:
· while switching a receiver chain ON/OFF for ProSe Direct Communication
it is FFS if the interruption during ProSe Direct Communication is only allowed for certain resource pool period for data.
4 Conclusion

In this contribution, the detailed analysis on the power saving benefits and system impacts with PCell interruption for ProSe Direct Communication are presented. In conclusion, the following observations and proposals can be drawn: 
Proposal 1: WAN interruptions shall be allowed during ProSe Direct Communication. This interruption is for both uplink and downlink of WAN. The interruption for the ProSe UE may occur, while switching the receiver chain ON/OFF during ProSe Direct Communication. The corresponding interruption rate is FFS.
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