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1 
Introduction
In the previous RAN4 meetings, some potential problems without the interruption requirements for ProSe Direct Communication were identified [1]. And as a result the following agreements were achieved for interruptions to E-UTRA during ProSe Direct Communication [2].  
	· 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.   


In this paper, further clarifications on D2D interruption requirements during ProSe Direct Communication are provided and the corresponding requirements on D2D interruption are proposed also.
2 
Background of D2D interruption during ProSe Direct Communication
In [3], the interruption of D2D is not allowed during ProSe Direct Communication. However, as illustrated in [1] the potential problems below are observed 
Issue 1: when the sparse D2D communication resource pool is configured
As shown in Figure 1 below,

· If no interruption allowed during ProSe Direct Communication, D2D RX chain has to keep power on over an entire “saPeriod”.
· In ProSe Direct Communication, the percentage of null subframes, in which there is not any D2D data scheduled, can be as large as (40-1)/40=97.5% where there is only a single subframe carries data per 40ms.
Thus from the power consumption perspective, UE power efficiency in case of Figure 1 is as low as 2.5%. 
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Figure 1. D2D power utilization in case of sparse D2D communication pool
Issue 2: when initial SA reception is failed
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. It is much reasonable to make UE power down/off and neglect the D2D communication after the SA reception failed. However, due to no interruption allowed during ProSe Direct Communication, D2D RX chain has to keep power on over the whole saPeriod even with no D2D data being able to be detected.
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Figure 2. D2D power utilization in case of initial SA reception failed
From the two issues above, we can conclude that:
Observation 1:  If no interruption allowed during ProSe Direct Communication, the D2D Rx chain shall be power on over a whole “saPeriod” even very sparseD2D data scheduled or fail detection of scheduling message of D2D data resource pool. As a result, the power consumption efficiency of D2D UE can be very low (e.g. < 5%).   

In order to resolve the problems with much higher power consumption of D2D UE, it is proposed that: 

Proposal 1: PCell interruptions shall be allowed during ProSe Direct Communication. And each interruption shall not exceed 1 subframe on the subframe before and after a UL subframe configured as ProSe Direct Communication by the eNodeB. This interruption is for both uplink and downlink of PCell. The interruption for the ProSe UE may occur:
· while switching a receiver chain ON/OFF during ProSe Direct Communication
3 
D2D interruption requirements during ProSe Direct Communication
As explained in Section 2, it is necessary to specify the PCell interruption requirements during ProSe Direct communication. Therefore in this section how to define the proper D2D interruption respected to UE power consumption benefits and the system impacts will be addressed. 

Based on latest RAN2 agreements [4], D2D interruption to WAN data is allowed only during “RRCConnectionReconfiguration” following up “ProseUEInformation” IE which can indicate D2D capable UEs’ interest on D2D communication (e.g. “D2D start” or “D2D stop”). As an example, a typical D2D operation is illustrated in Figure 3 for the case below only.

a) D2D capable UE has 2 Rx chains but 1Rx chain is dedicated for D2D Rx 
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Figure 3.D2D interruption with 2Rx (1Rx is dedicated for D2D Rx)
As shown in above Figure 3, after the D2D UE indicates its interest on D2D communication by “ProseUEInformation”, eNB will acknowledge D2D UE’s indication with new “ProseCommConfig” message [4]. Consequently the D2D UE will start its D2D reception over M*saPeriod, even in which there is not contiguous D2D data scheduled. Then until the next “ProseUEInformation” message to indicate D2D UE is no longer interested in D2D communication is granted by eNB via another “ProseCommConfig” message, D2D UE can release this D2D Rx chain. Depending on the aforementioned scenarios, the D2D UE may either switch back its Rx chain to SCC DL carrier for WAN data reception or power down/off the D2D Rx chain.     
Upon receiving “D2D start” indication via “ProseUEInformation”, eNB can acknowledge the UE with ProseCommConfig and ProseCommResourcePool IEs [4], which will allocate the new resource pool for SA and D2D data.

	ProseCommConfig information element
-- ASN1START

ProseCommConfig-r12 ::= 
SEQUENCE
{


-- FFS whether a cell can support both resource allocation modes (scheduled and UE selected)


--  at the same time


-- Assume a UE is configured either with Tx pool or with scheduled resources (i.e. same


--  mode for all ongoing group ids


-- FFS whether a separate pool for exceptional use in connected may be configured


--  by dedicated signalling. If so, it is assumed to be provided as part of the configuration


--  for scheduled resource allocation mode (i.e. normal Tx pool would be used always in


--  connected (including during exceptional cases)


commTxResources-r12




CHOICE {



release







NULL,



setup







CHOICE {




-- FFS whether dedicated signalling is needed for ProseCommGeneralConfig




scheduled-r12




SEQUENCE {





sl-RNTI-r12





C-RNTI,





bsr-Config-r12




ProseBSR-Config-r12





-- Resources used as reference in SA 





-- FFS whether provided by dedicated signalling, broadcast or both





commTxResourceReference-r12

ProseCommResourcePool-r12




},




ue-Selected-r12




SEQUENCE {





-- Pool for normal usage





commTxPoolNormalDedicated-r12


ProseCommResourcePool-r12




}



}


} 

















OPTIONAL,
-- Need ON


...

}

–
ProseCommResourcePool
The IE ProseCommResourcePool specifies the configuration information for an individual pool of resources for Prose Direct Communication. The IE covers the configuration of both the Scheduling Assignments and the Data.

ProseCommResourcePool information element
-- ASN1START

ProseCommGeneralConfig-r12 ::=

SEQUENCE
{


-- Parameters common for all pools


sa-Period-r12






Prose-Period-r12

}

ProseCommPoolList4-r12 ::=

SEQUENCE (SIZE (1..maxProseTxPool-r12)) OF ProseCommResourcePool-r12


-- eNote: delta signalling may be needed for dedicated signalling. I.e. option to add/ rel an


--  individual pool entries

ProseCommPoolList16-r12 ::=

SEQUENCE (SIZE (1..maxProseRxPool-r12)) OF ProseCommResourcePool-r12

ProseCommResourcePool-r12 ::=

SEQUENCE
{


sa-Parameters





SEQUENCE
{



sa-NumPRB-r12






Prose-NumPRB-r12,



sa-StartPRB-r12






Prose-StartPRB-r12,



sa-EndPRB-r12






Prose-EndPRB-r12,



sa-OffsetIndicator-r12




Prose-OffsetIndicator-r12,



sa-SubframeBitmap-r12 




Prose-SubframeBitmap-r12,



sa-DataHoppingParameter-r12



Prose-DataHoppingParameter-r12,



sa-CP-Len-r12






Prose-CP-Len-r12,



sa-TxParameters






SEQUENCE {




-- FFS whether Alpha and Po are independantly configurable per individual pool entry




sa-Alpha-r12






Prose-Alpha-r12,




sa-Po-r12







Prose-Po-r12



}















OPTIONAL, 
-- Cond CommTx


},


dataParameters




SEQUENCE
{


-- Absent in the Tx resources used as reference in SA



dataNumPRB-r12






Prose-NumPRB-r12,



dataStartPRB-r12





Prose-StartPRB-r12,



dataEndPRB-r12






Prose-EndPRB-r12,



dataOffsetIndicator-r12




Prose-OffsetIndicator-r12,



dataSubframeBitmap-r12 




Prose-SubframeBitmap-r12,



dataDataHoppingParameter-r12


Prose-DataHoppingParameter-r12,



data-CP-Len-r12






Prose-CP-Len-r12,



dataTxParameters





SEQUENCE {




-- FFS whether Alpha and Po are independantly configurable per individual pool entry




data-Alpha-r12






Prose-Alpha-r12,




data-Po-r12







Prose-Po-r12



}














OPTIONAL 
-- Cond CommTx


}















OPTIONAL,
-- Cond TxPool


neighCellRxParameters




SEQUENCE {



tdd-Config-r12







TDD-Config


} 















OPTIONAL, 
-- Cond CommRx


...

}

-- eNote: The following IEs are still to be defined

-- Prose-Alpha-r12

-- Prose-CP-Len-r12

-- Prose-DataHoppingParameter-r12

-- Prose-EndPRB-r12,

-- Prose-NumPRB-r12

-- Prose-Period-r12

-- Prose-OffsetIndicator-r12

-- Prose-Po-r12

-- Prose-StartPRB-r12

-- Prose-SubframeBitmap-r12




Based on the study of these IEs, it is observed that
Observation 2:  The minimum interval to change D2D communication interests (e.g. “D2D start” to “D2D stop”) is one “saPeirod” since it is the exact periodicity to allocate D2D SA and data resource pool. 

Observation 3:  Interruption of D2D communication should be typically expected upon receiving “ProseCommConfig” IE from eNB. 

As illustrated in Figure 3, various “M, K and saPeriod” combinations are studied to better understand the potential range of interruption rate. It is noted that interruption is always assumed per configured ProseCommConfig IE. The corresponding studies are summerized in Table 1. 
Table 1. Examples of interruption ratio of D2D communication

	saPeriod
	M
	K
	Total Interruption length 
	Total reception  time (ms)
	Interruption ratio 

	80ms

	1

	1
	2*1 ms

	2*80
	1.25%

	
	
	2
	
	3*80
	0.83%

	
	
	4
	
	5*80
	0.5%

	
	
	8
	
	9*80
	0.28%

	80ms

	2

	2
	2*1 ms

	4*80
	0.63%

	
	
	4
	
	6*80
	0.42%

	
	
	8
	
	10*80
	0.25%

	
	
	16
	
	18*80
	0.14%

	80ms

	8
	2
	2*1ms

	10*80
	0.25%

	
	
	4
	
	12*80
	0.21%

	
	
	8
	
	16*80
	0.16%

	
	
	16
	
	24*80
	0.1%

	320ms

	2

	2
	2*1 ms

	4*80
	0.16%

	
	
	4
	
	6*80
	0.1%

	
	
	8
	
	10*80
	0.06%

	
	
	16
	
	18*80
	0.03%


Observation 4:  The interruption rate can be up to 1.25%. However, for most of cases, the interruption rate can be maintained below 0.5%. 
Based on the observations above, it is difficult to define a single and fixed interruption rate in case of ProSe Direct Communication. This is different from what has been done for deactivated SCell measurement [5]. In the case of deactivated SCell measurement, the interruption rate can be managed at the price of UE power consumption. For example, if necessary, the interruption can be avoided by constantly keeping the Rx power on. As shown in Table 1, the interruption rate largely depends on how frequent eNB configures ProseCommConfig IE. As a result, it is proposed 
Proposal 2: The maximum interruption rate in ProSe Direct Communication can be specified as max{[1]%, Y%}, where Y% is defined as:

Y% = 2 / ( saPeriod * Tint_D2DACK) 

in which Tint_D2DACK is the average duration between two adjacent ProseCommConfig/proseDiscConfig IE in terms of number of “saPeriod”.
4 
Conclusion
In this contribution, further considerations on the interruption ratio requirement for ProSe Direct Communication are presented. In conclusion, the following observations and proposals can be drawn: 
Proposal 1: PCell interruptions shall be allowed during ProSe Direct Communication. And each interruption shall not exceed 1 subframe on the subframe before and after a UL subframe configured as ProSe Direct Communication by the eNodeB. This interruption is for both uplink and downlink of PCell. The interruption for the ProSe UE may occur:
· while switching a receiver chain ON/OFF for ProSe Direct Communication
Proposal 2: The maximum interruption rate in ProSe Direct Communication can be specified as max{[1]%, Y%}, where Y% is defined as:

Y% = 2 / ( saPeriod * Tint_D2DACK) 

in which Tint_D2DACK is the average duration between two adjacent ProseCommConfig/proseDiscConfig IE in terms of number of “saPeriod”.
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