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1
Introduction
A Rel-13 WI on further LTE physical layer enhancements for MTC has been approved in [1]. In this contribution we discuss assumptions and potential constraints for supporting 1.4 MHz low cost MTC UE. 
In the contribution we analyse how intra-frequency cell identification could work for Rel-13 MTC UEs and what designs options and constraints there are. We also discuss the current RAN4 requirements relevant for supporting 1.4 MHz MTC UE in Rel-13.

2
Cell identification and neighbour measurements
In the last RAN1#78bis meeting the following agreements were made for further LTE Physical Layer Enhancements for MTC and captured in Chairman’s notes [2]
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI are applicable or whether further enhancements are needed
· Focus on PSS/SSS, PBCH, and PRACH in RAN1 #79 meeting and focus on other channels in RAN1 #80 meeting

· UE power consumption is the new aspect to be considered

In this contribution we analyze how and to what extent the existing PSS/SSS, CRS and PBCH could be utilized in supporting cell identification. Also we consider what sort of RSRP and RSRQ measurements needed for initially camping on a cell and for neighbor cell measurements in cell reselections and assisting network in handover decisions. 
If we want to re-use the existing PSS, SSS, CRS and P-BCH for cell identification (cell search) and neighbor cell measurements (measurements of RSRP and RSRQ) but we also want to have the flexibility of scheduling data for the Rel-13 1.4MHz MTC UEs outside 6 middle PRBs, L1 specifications either need to replicate these signals outside 6 PRBs in the middle of the channel bandwidth e.g. as discussed in [3] or assume and support regular retuning of UE RF to receive the middle 6 PRBs and thus leading to occasions when data reception and transmission is likely not possible. 
2.1
Cell Identification

If PSS and SSS are simply replicated to those frequency sub-blocks, where Rel-13 1.4MHz MTC UEs are scheduled, the overhead may increase noticeably and therefore, implications would be visible for other services and devices e.g. due to reduced cell capacity. It would be good to analyse if there are any other viable solutions but simple replication of PSS and SSS for neighbor cell identification purposes for 1.4 MHz MTC UEs.  
It is also worth noting that if synchronization signals are transmitted also outside middle 6 PRBs, it is important to ensure that these signals are not the same as any of the existing PSS and SSS sequences. Otherwise, non-MTC UEs attempting to synchronize and access the network e.g. after powering up (initial synchronization) could first find these new replicated PSS and SSS instead of the original PSS and SSS in the middle 6 PRBs. This could slow down the initial cell search and legacy UE behavior could be unpredictable. The situation would not be even resolved even if these new replicated PSS and SSS were not transmitted on a frequency matching with 100 kHz carrier raster as in the initial synchronization the UE may still have rather large frequency error.  

If there is interest to provide PSS/SSS type of synchronization signal on the frequency blocks, where 1.4 MHz MTC UEs are scheduled, it would be important that new synchronization sequence would be created. This new signal could be designed in a similar manner as the existing synchronization signals to obtain synergies with the current LTE receiver implementations, would have different sequences than any of the existing ones in order to avoid normal LTE UEs detecting it during the initial synchronization.   

In order to minimize overhead that this additional synchronization signal would create it would be beneficial to investigate whether one synchronization signal would be sufficient instead of having two signals (PSS and SSS like signals). Additionally in order to avoid additional MTC UE complexity in cell search process with one synchronization signal it would be beneficial if the UE was informed of which MTC specific synchronization signals the UE should try to search for, similarly as applied for Rel. 12 discovery signals.
Observation 1: If synchronization signals are replicated and transmitted on the frequency blocks outside 6 PRBs for 1.4 MHz MTC UEs, it is important that new synchronization sequences (different from the existing PSS and SSS sequences) are created in order to avoid normal LTE UEs detecting these new MTC related synchronization signals during initial synchronization.
Alternative approach for neighbor cell identification would be that the UE would always retune to receive PSS and SSS from the middle 6 PRBs. This could be done in a similar manner as current inter-frequency measurements using regular measurements gaps for intra-frequency neighbor cell identification and measurements. Currently 6 ms measurement gaps are used for inter-frequency measurements and similar measurement gaps should be used as starting point for this case as well if this approach is considered as a good way forward. The current 6 ms measurement gaps includes 2* 500 us for frequency retuning and 5 ms for actual measurements. The benefit of this approach would be that no signals would need to be replicated outside the center 6 PRBs but naturally this approach could some set restrictions to the scheduling to 1.4 MHz MTC UEs. Also this could increase measurement time for inter-frequency layers if “own carrier” synchronization is done through measurement gaps, but probably this should not be a big problem assuming we are considering low cost UEs should not have huge impacts from reduced inter-frequency measurements..
Observation 2: Intra-frequency cell identification and neighbor measurements for 1.4 MHz MTC UEs could be achieved by allowing 1.4 MHz MTC UEs to retune to the middle 6 PRBs using similar 6 ms measurement gaps as currently used for inter-frequency measurements. 

2.2
Effect of coverage enhancements

During the Rel. 12 studies the different methods to provide the targeted coverage enhancements have been investigated, and some type of repetition is one of the most promising methods to improve the coverage of different channels. 

Of course, the required repetitions also need to be taken into account when considering the trade-off of the two operation modes discussed above – i.e. PSS/SSS replication versus UE oscillator retuning. In the case current cell identification and RRM neighbour measurement requirements need to take the coverage enhancement into account, the low-cost MTC UE will need more time in order to perform the relevant procedures on the sub-band containing PSS/SSS. Therefore, the frequency retuning to other parts of the wide-band carrier to enable PDSCH operation will only be possible during times no such procedures will be needed. This is very much in contrast to current LTE operation, where basically the UE is able to perform intra-frequency RRM and cell identification procedures on parallel to ongoing data communication. Thus, the needed coverage enhancements need to be integral part of the related investigations on which approach to select e.g. for neighbour cell identification and measurements. 

Observation 3: The targeted coverage enhancements calling for repetition of different channels will need to be considered when designing support for 1.4 MHz MTC UE with respect to intra-frequency neighbour cell identification and measurements. 
2.3
Change of frequency blocks 

When a 1.4 MHz MTC UE is moved from one 6 PRB frequency sub-block like the middle 6 PRBs to another frequency block, re-tuning time needs to be assumed in order to allow frequency retuning. The current RAN4 assumption is that 500 us retuning time is enough for changing the frequency of the local oscillator e.g. in connection with measurement gaps. Since the objectives of the work item is to specify a new Rel-13 low complexity UE category/type for MTC operations on top of the Rel-12 complexity and cost optimization for MTC UE, we see that this existing RAN4 retuning assumption should be used also as a lower bound for RAN1 Rel-13 studies.
Proposal 1: Use the current minimum RAN4 assumption of a 500us oscillator retuning time as a baseline for further RAN1 studies. 
3
1.4 MHz operation outside the center 6 PRBs
Having the option to operate 1.4MHz capable Rel. 13 LC-MTC UEs outside the 6 center PRBs will clearly enable more flexible system operation as well as creating the support for a large number of such UEs in the networks.

On the downside, not only the cell identification and RRM measurement issues discussed in the previous section need to be considered, but also normal data reception needs to be considered. 

OFDM and OFDMA signals usually have a DC carrier in the center of the band, as also LTE is having. The DC carrier is usually not containing any data and helps in the UE receiver to suppress the effect of the local oscillator. 

If we do operate a UE on 6 PRBs outside the center 1.4MHz, this 6 PRB subblock of course will not contain a DC carrier as such. Also legacy UE will assume data to be schedule on all the subcarriers of the respective PRBs. Therefore, there seems to be a potential issue of the co-existance of 1.4MHz LC-MTC UEs and legacy UEs on such PRBs. Therefore, it would be good to ask RAN4 feedback if they see any issue with LTE DL UE reception without having the DC carrier present in the center of the band. 

Proposal 2: RAN1 to request feedback from RAN4 on LTE DL reception without having a DC carrier present. 
4
Duplex spacing
Currently the RAN4 specifications do not support variable duplex spacing. If the current RAN4 UE requirement specifications are directly utilized for supporting 1.4 MHz MTC UE, it would also mean fix frequency spacing between DL and UL frequency blocks used for MTC traffic and control for 1.4 MHz MTC UEs within wider the cell bandwidth. In order to have right assumptions for L1 design for DL and UL for supporting 1.4 MHz MTC UEs, it would be important to ask RAN4 feedback whether fixed duplex spacing needs to be assumed in this case as well or whether more flexibility in UL-DL duplex spacing could be assumed in this Rel-13 RAN1 work.
Proposal 3: RAN1 to request feedback from RAN4 on duplex spacing assumptions for supporting 1.4 MHz MTC UEs in Rel-13.
54
Conclusion
In this contribution we have analysed how intra-frequency cell identification could work for Rel-13 MTC UEs and what designs options and constraints there are. Based on the discussion on this contribution we make the following observations; 
Observation 1: If synchronization signals are replicated and transmitted on the frequency blocks outside 6 PRBs for 1.4 MHz MTC UEs, it is important that new synchronization sequences (different from the existing PSS and SSS sequences) are created in order to avoid normal LTE UEs detecting these new MTC related synchronization signals during initial synchronization.

Observation 2: Intra-frequency cell identification and neighbor measurements for 1.4 MHz MTC UEs could be achieved by allowing 1.4 MHz MTC UEs to retune to the middle 6 PRBs using similar 6 ms measurement gaps as currently used for inter-frequency measurements. 

Observation 3: The targeted coverage enhancements calling for repetition of different channels will need to be considered when designing support for 1.4 MHz MTC UE with respect to intra-frequency neighbour cell identification and measurements. 

In the contribution we also discuss the current RAN4 requirements relevant for supporting 1.4 MHz MTC UE in Rel-13 and based on our discussions and analyses we make the following proposals:

Proposal 1: Use the current minimum RAN4 assumption of a 500us oscillator retuning time as a baseline for further RAN1 studies. 

Proposal 2: RAN1 to request feedback from RAN4 on LTE DL reception without having a DC carrier present. 
Proposal 3: RAN1 to request feedback from RAN4 on duplex spacing assumptions for supporting 1.4 MHz MTC UEs in Rel-13.
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