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1.
Introduction

At RAN4#78 meeting the core requirement work for eD2D were finalized. The main difference in Rel-13 eD2D compared to Rel-12 D2D is that multi-carrier and inter-PLMN support, UE newwork to relay and out of coverage discovery support were introduced. The CR capturing the multicarrier ProSe operation can be found in [1]. The objective of this paper is to discuss the ProSe periodicity for ProSe inter-frequency and CA operation and to study its impact on WAN. 
2.
Background
The background is that multicarrier support for ProSe operation is added in Rel-13 eD2D WI. The ProSe capable UE can be pre-configured by the PCell with ProSe resources for ProSe operation of the ProSe UE on a sidelink. The pre-configured ProSe resources may in particular be used by the ProSe UE when operating in out of network coverage (ONC). The sidelink may typically operate on a carrier of the PCell (aka serving carrier frequency or intra-frequency carrier). The sidelink may also be configured for ProSe operation on a non-serving carrier of the ProSe UE. The non-serving carrier can be inter-frequency carrier, inter-RAT carrier or any carrier which is not configured as the serving carrier. For example the non-serving carrier can be the one configured as inter-frequency carrier frequency for doing WAN measurements or carrier frequency only configured for doing ProSe operation.

There are mainly two cases for operation:
1. ProSe UE may intend to start Prose (e.g. discovery) on UL resources (e.g. sidelink) of at least one non-serving cell on a non-serving carrier;

2. Serving eNodeB can request the UE to start Prose (e.g. discovery) on its  UL resources of cell2 on F2.

In case 1) the UE sends request to the eNodeB node and in response the eNodeB node assigns gaps to the UE. In case 2) eNodeB sends request to UE to start ProSe using gaps which are also provided. 
The gaps may be periodic or aperiodic. During the gaps the UE is not required to receive and transmit signals in the serving cell. The gaps (i.e. cessation of serving cell operation) allow the UE to reuse its resources (e.g. receiver, transmitter) for doing ProSe operation. Therefore in the gaps the UE can receive and/or transmit ProSe signals on the non-serving cell. 
2.
Discussions
Gaps may reduce the interruptions to WAN as the serving eNodeB is aware of them; however, it limits the WAN scheduling opportunities to its cellular UEs. In addition, ProSe operation over multiple carriers which is spaced over time may also cause interruptions to WAN operation and this will in turn degrade the WAN performance. The requirement that exists today only sets an upper limit, i.e. the maximum interruption that can be allowed on a carrier. For example, if the maximum interruption rate is 0.5% per carrier and UE is configured with two or several carriers, the total interruptions on all carriers will be much higher. Excessive ProSe interruptions or gaps during a certain period of time may severely impact the WAN performance. This is illustrated in Figure 1. The gaps can be used for reusing the transmitter and/or receiver chain of WAN for ProSe.
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Figure 1 ProSe operation over multiple carriers as specified in current specification
Figure 2 shows an example where ProSe operation is allowed on two carriers (PCell on carrier frequency F1 and SCell on carrier frequency F2). Gaps are used on different occasions in order to reuse the receiver and transmitter chain from cellular operation.  


[image: image2.emf]Scell uplink

F

r

e

q

u

e

n

c

y

Pcell uplink

Time

Time

= Rx chain  gaps

= Tx chain  gaps


Figure 2 ProSe operation on two carriers with gaps used for Rx and Tx chains
Figures above show that the gaps can be very dense, and interruptions (if any) can also be very dense. In some cases, retuning of frequency between WAN and ProSe may take place outside the gaps, and this will cause interruptions on all configured serving cells for WAN operation. In other cases, interruptions may be caused due to retuning between ProSe Tx and ProSe Rx, and this may cause interruptions on WAN. In some cases, since interruptions are unpredictable this is not known to the serving eNodeB. This kind of operation and behavior can adversely impact the WAN performance, and the consequence can be reduced system and user performance. 

To reduce this performance impact, it is proposed that the applicability of requirements take into account the ProSe periodicity and the number of carriers configured as shown in (1):

TProSe-new = f(TProSe_ref , NProSe-freq)                                                                     (1)
A specific rule can be specified according to (2) as follows:

TProSe-new ≥ min(TProSe_ref) * NProSe-freq                                                                                  (2)
  In the above expression in (2):
· TProSe-new is the minimum periodicity for which the ProSe requirements apply for each configured carrier (e.g. any of PCell, SCell, non-serving carrier etc) for ProSe operation. 
· TProSe_ref is a reference value. It can be the minimum value of discPeriod-v13x0 in case of ProSe Discovery or SL-PeriodComm-r12 in case of ProSe Direct Communication. 
· NProSe-freq is the total number of carriers on which the ProSe operation is configured for a UE i.e. total number of carriers with sidelinks for the UE. In case of CA, this becomes NProSe-CA_DL , NProSe-CA_UL, and NProSe-non-serv-freq for inter-frequency.
The ProSe periodicity (TProSe-new ) for which the requirements apply will ensure that the ProSe burst/operations on different slidelinks belonging to different carriers are spaced apart in time by at least TProSe-new. Consequently, this will ensure that WAN performance is not severely impacted and the WAN resources are not excessively overused by ProSe, e.g. during certain period of time. WAN resources in this sense may comprise of e.g. receiver chains and transmitter chains, WAN scheduling opportunities etc. In other words the aggregated interruption on WAN due to retuning or gaps for ProSe operation on multiple carriers will remain within a certain limit (that is the same as agreed at last meeting) e.g. within 0.625% of interruption probability on WAN regardless of number of carriers with sidelink. 

The applicability of requirements using TProSe-new  is explained with examples below:
In a first example, it is assumed that the ProSe Direct Discovery UE is configured with two carriers for ProSe Direct Discovery operation. Assume that based on existing solutions the intended ProSe periodicities are as follows: TProSe1 = 40, and TProSe2 = 320, and  NProSe-freq =2. Further TProSe_ref will be 40 ms since min(discPeriod-v13x0) = 40, the possible values of are specified in RAN2 specification . But based on the rule in (2) the ProSe periodicity for which the requirements will apply becomes as in (3): 

TProSe-new ≥ min(discPeriod-v13x0) * NProSe-freq  = 40 * 2=80                                                                  (3)
This would mean that the requirements apply for minimum periodicity 80 ms (TProSe-new ≥ 80) on each carrier. This is illustrated in Figure 3. In this particular example, the minimum periodicity of ProSe1 is extended from 40 ms to 80 ms per carrier. This ensure that the WAN resources are not overused within a certain duration, and ProSe operation is space apart a bit in time while the existing requirements on interruption are maintained. 
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Figure 3 Example 1 with ProSe on two carriers

In a second example, assume that based on existing solutions the UE is configured with ProSe operation on at least carriers that have the same periodicity, i.e. TProSe1 = 40, and TProSe2 = 40, and  NProSe-freq =2. In this case, the effective periodicity period will become 20 ms as shown in Figure 4, meaning that the ProSe operation on the two carriers can take place subsequently. This in turn will increase the aggregated interruption on WAN two times compared to the case if the effective periodicity of SL resources on two carriers is 40 ms. According to the proposed rule in (2) and also assuming TProSe_ref =  min(discPeriod-v13x0) or min(SL-PeriodComm-r12) depending on whether it is ProSe Direct Discovery or ProSe Direct Communication, the minimum ProSe periodicity on each carrier for which the requirements apply will be according to (2) 80 ms. 

Therefore the minimum time between two ProSe occasions are set to at least 80 ms, i.e. TProSe-new ≥ 80. This will enable fair resource sharing between WAN and ProSe and make sure than that performance is not severely degraded. This in turn will ensure that the aggregated interruption on WAN due to ProSe operation on two carriers will not exceed e.g. 0.625% interruption probability.
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Figure 4 Example 1 with ProSe on two carriers with same periodicities

Based on the discussions and analysis above, we make the following proposal:
Proposal #1: The requirements for ProSe are applicable provided:
· For ProSe Direct Disocvery operation on non-serving carrier operation, UE is configured with discPeriod in IE SL-DiscResourcePool [2] as: min(discPeriod-v13x0) * NProSe-non-serv-freq
· For ProSe Direct Disocvery operation with CA, UE is configured with discPeriod in IE SL-DiscResourcePool [2] as: min(discPeriod-v13x0) * NProSe-CA_UL
· For ProSe Direct Communication operation with CA, UE is configured sc-Period in IE SL-CommResourcePool [2] as: min(SL-PeriodComm-r12) * NProSe-CA_UL 
6
Conclusions
We have in this contribution discussed the multicarrier operation of ProSe. We have identified that the WAN performance can be severely impacted with current requirements as it allows excessive usage of resources for ProSe during certain period of time. Based on the discussions and analysis, we have made the following proposal to enable fair resource sharing between WAN and ProSe for multicarrier ProSe operation:
Proposal #1: The requirements for ProSe are applicable provided:
· For ProSe Direct Disocvery operation on non-serving carrier operation, UE is configured with discPeriod in IE SL-DiscResourcePool [2] as: min(discPeriod-v13x0) * NProSe-non-serv-freq
· For ProSe Direct Disocvery operation with CA, UE is configured with discPeriod in IE SL-DiscResourcePool [2] as: min(discPeriod-v13x0) * NProSe-CA_UL
· For ProSe Direct Communication operation with CA, UE is configured sc-Period in IE SL-CommResourcePool [2] as: min(SL-PeriodComm-r12) * NProSe-CA_UL 
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