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1. Introduction
In RAN4 #85, RAN4 continued discussion on CRS muting on eMTC-dedicated carrier and agreed on the WF [1]. For initial cell search for eMTC UE, following was agreed in WF [1]. 
· Initial cell acquisition
· CRS transmissions are switched ON over full BW in 1 DL subframe 
· Option 1: every 20 ms
· Option 2: every 10 ms
· RAN4 found it beneficial for eMTC UE to have pre-provisioning of EARFCN for eMTC cell to facilitate initial cell search
·  beneficial irrespective of CRS muting but benefit is bigger when CRS is muted in the cell
In this contribution, we provide further discussion on initial cell search for eMTC UE with CRS muting. 
2. EARFCN pre-provisioning
When CRS is muted, it becomes challenging for eMTC UE to identify LTE signal and perform initial cell search. Though UE might try initial cell search by trying PSS/SSS detection for all possible EARFCN candidates, it will take long time if UE takes brute force search approach. For example, for band 3, there are 750 EARFCN candidates. If we assume it takes 600ms to perform cell search on each EARFCN, total cell search time would be 450 seconds. If UE supports multiple bands, cell search time will increase in proportional to number of bands. 
One solution to initial cell search problem is to provide EARFCN information to UE by pre-provisioning. EARFCN pre-previsioning was employed for V2X operation in out-of-coverage scenario and consists of following specification support. 
· TS 23.285 specifies provisioning of authorization policy and radio parameters to be used in “not served by E-UTRAN” state via UICC/ME or LTE-Uu interface, e.g., unicast or MBMS
· TS 24.333 specifies management object that includes 
· geographical area where the configuration is applicable
· binary container to put ASN.1 encoded information related to radio parameters
· TS 36.331 specifies sidelink pre-configuration parameters to be used for pre-provisioning and corresponding information element definition
For pre-configuration of EARFCN, following IE is specified in 36.331. 

SL-Preconfiguration-r12 ::=

SEQUENCE {


preconfigGeneral-r12



SL-PreconfigGeneral-r12,

preconfigSync-r12




SL-PreconfigSync-r12,


preconfigComm-r12




SL-PreconfigCommPoolList4-r12,


...,


[[
preconfigComm-v1310



SEQUENCE {




commRxPoolList-r13


SL-PreconfigCommRxPoolList-r13,




commTxPoolList-r13


SL-PreconfigCommTxPoolList-r13

OPTIONAL



}

















OPTIONAL,



preconfigDisc-r13



SEQUENCE {




discRxPoolList-r13



SL-PreconfigDiscRxPoolList-r13,




discTxPoolList-r13



SL-PreconfigDiscTxPoolList-r13

OPTIONAL



}

















OPTIONAL,



preconfigRelay-r13



SL-PreconfigRelay-r13



OPTIONAL


]]

}

SL-PreconfigGeneral-r12 ::=

SEQUENCE {


-- PDCP configuration


rohc-Profiles-r12




SEQUENCE {



profile0x0001-r12





BOOLEAN,



profile0x0002-r12





BOOLEAN,



profile0x0004-r12





BOOLEAN,



profile0x0006-r12





BOOLEAN,



profile0x0101-r12





BOOLEAN,



profile0x0102-r12





BOOLEAN,



profile0x0104-r12





BOOLEAN


},


-- Physical configuration


carrierFreq-r12





ARFCN-ValueEUTRA-r9,

maxTxPower-r12





P-Max,


additionalSpectrumEmission-r12

AdditionalSpectrumEmission,


sl-bandwidth-r12




ENUMERATED {n6, n15, n25, n50, n75, n100},


tdd-ConfigSL-r12




TDD-ConfigSL-r12,


reserved-r12





BIT STRING (SIZE (19)),


...,


[[
additionalSpectrumEmission-v1440

AdditionalSpectrumEmission-v10l0

OPTIONAL


]]

}
For EARFCN provisioning for eMTC UE, we can take same approach as V2X provisioning, i.e., specify necessary information element in 36.331 and define corresponding management object and services. 
Proposal 1. Send LS to RAN2 to initiate work to specify EARFCN provisioning for eMTC UE.
3. Full bandwidth CRS periodicity

When EARFCN is not pre-configured, UE should rely on PSD-based fast cell search to avoid long initial cell search time. We believe 10ms is maximum periodicity of full bandwidth CRS transmission for PSD-based fast cell search to work. In case, eNB still wants to reduce time density of full bandwidth CRS transmission, eNB should make it sure that UE can observe additional energy for PSD-based cell search. One option is to transmit CRS on edge RBs in every subframe along with center 6 PRBs as shown in figure 1. Other option is to transmit OCNG along with CRS on full bandwidth when full bandwidth CRS is transmitted every N subframes as shown in figure 2. OCNG needs to be transmitted only when there are no data tones to be transmitted on full bandwidth CRS subframe. 
Proposal 2. Consider following options when EARFCN is not pre-configured for a band for all eMTC UE in the network. 

· Option 1: eNB should transmit full bandwidth CRS every 10ms 

· Option 2: eNB should transmit CRS on two edge RBs in every subframe (figure 1)
· Option 3: eNB should transmit OCNG along with CRS on full bandwidth in every 20 subframes (figure 2)

[image: image1.emf]
Figure 1. continuous CRS transmission on edge PRBs


[image: image2.emf]
Figure 2. CRS and OCNG transmission on full bandwidth in every N subframe
On the other hand, when EARFCN is pre-configured, UE may skip PSD-based fast cell search. Therefore, eNB does not need to transmit CRS other than center 6 PRBs when all the UEs in the network are guaranteed to have EARFCN pre-configuration. 
Proposal 3. When EARFCN is pre-configured for a band for all eMTC UE in the network, eNB does not need to transmit additional CRS other than center 6 PRBs. 
4. Conclusion

In this contribution, we provided further discussion on initial cell search for eMTC UE with CRS muting. Our proposals are
Proposal 1. Send LS to RAN2 to initiate work to specify EARFCN provisioning for eMTC UE.

Proposal 2. Consider following options when EARFCN is not pre-configured for a band for all eMTC UE in the network. 

· Option 1: eNB should transmit full bandwidth CRS every 10ms 

· Option 2: eNB should transmit CRS on two edge RBs in every subframe (figure 1)

· Option 3: eNB should transmit OCNG along with CRS on full bandwidth in every 20 subframes (figure 2)
Proposal 3. When EARFCN is pre-configured for a band for all eMTC UE in the network, eNB does not need to transmit additional CRS other than center 6 PRBs. 
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