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1 Introduction

RAN4 has discussed RRM measurement performance for Rel-13 MTC UEs in normal coverage and enhanced coverage for the last few meetings. Good progress was made at RAN4#76 meeting which resulted in that 3 LS responses [1, 2, 3].
In this contribution we discuss cell search procedure for Rel-13 MTC under normal and enhanced coverage. We provide our view on what needs to be considered when defining the cell search requirements by taking into account Rel-13 MTC UE capabilities.  
2 Discussion on cell search
Background

Cell search

Cell search is one of the fundamental procedures in RAN4 and this is needed to support many core functionalities such as mobility and measurements. The UE may try to identify new neighbour cells on both its serving and non-serving carrier frequencies. Cell search procedure requires acquisition of PSS/SSS information. PSS and SSS contain necessary information for the UE to correctly acquire timing of that new cell and physical cell ID (PCI). Only then cell measurements (e.g. RSRP/RSRQ) can be performed. These synchronization signals are transmitted in subframe #0 and #5 of every radio frame in the central 6 RBs. 
The method on how to perform (e.g. sampling frequency, sample duration) depends upon its implementation, but there is a requirement on maximum time allowed for PSS/SSS acquisition and measurement on RSRP/RSRQ thereafter. For Rel-12 category 0 UEs, the UE is required to detect PSS/SSS of a neighbour cell within 600 ms provided that UE is detectable and 400 ms for RSRP/RSRQ measurements. 

Discussion

For legacy FDD operation (e.g. Rel-8) cell search is not a problem since the UE is scheduled over the entire assigned bandwidth and the central 6 PRBs is part of that. This is not the case for Rel-13 MTC LC/EC. 

The RF bandwidth of Rel-13 LC/EC MTC UEs is reduced to 1.4 MHz, but the UEs should still be operate in a full bandwidth system. This means that UE scheduled bandwidth is smaller and can be outside of the central 6 PRBs as illustrated in Figure 1. This causes a problem to the cell search procedure as explained below. 

[image: image2.png]Retuning





Figure 1: Illustration of normal coverage UE with narrowband operation in the frequency domain
Figure 1 shows the need for a narrowband UE to retune its receiver to central 6 PRBs to receive PSS/SSS. Retuning of receiver chain from one downlink frequency to another has a cost associated. Retuning has been discussed in RAN4 and it is agreed that 2 symbols are required for retuning [4]. This means that 2 symbols of scheduling opportunities with respect to the serving cell are not usable for each retuning. In total 4 symbols will be unusable; 2 symbols to switch from region B to region A to read PSS/SSS and then another 2 symbols to retune from region A to region B. Although retuning requires 2 symbols it can be noted that the remaining symbols of a subframe can still be used for scheduling. 

There is also an another aspect of narrowband UE retuning to central 6 PRBs and this is explained in this section. As mentioned earlier the narrowband UE which is scheduled in its UE RF bandwidth that is outside of central PRBs as illustrated in figure needs to retune to central PRBs (region A in figure) to receive the synchronization signals. But at the same time the control channel, e.g. M-PDCCH, will still be transmitted on the UE assigned RF bandwidth, i.e. region B. As a result, the UE cannot receive M-PDCCH during the time it is retuned to region A. This means UE cannot be scheduled during the time it is retuned to its central 6 PRBs since the control channels (M-PDCCH ) are transmitted on subbands which are different than the central 6 PRBs. If retuning is done autonomously then the serving eNodeB may not know when UE does the retuning and this will result in unpredictable interruptions. 
One way to solve the problem of lost scheduling opportunities is by configuring gaps during which a narrowband UE can retune to central frequencies to perform cell search. The main motivation to introduce gap is to enable the UE to search for new neighbour cells and to reduce the scheduling impact. The gaps can be of two types; network configured gaps or UE autonomously chosen gaps. The advantage of configuring a network controlled gaps is that the serving eNodeB knows a-priori when the UE is expected to retune and it can avoid scheduling that UE during those resources. The configured gaps shall take place such that system information and paging receptions are not affected. 

As observed in [1], UEs are able to meet accuracy requirements down to -12 dB of SNR and below that level existing accuracy level cannot be met. Also at very low SNR levels, e.g. below -12 dB, it may be difficult to distinguish the measured signal from the noise. And at such low SNR levels, the measurements are very sensitive, e.g. temperature changes can affect the measured signals. Therefore although enhanced UEs are expected be stationary, the neighbour cell measurements cannot be relaxed very much. Thus one approach can be to search more frequently at very low SNR, e.g. below -12 dB SNR, and less frequently at SNR above -12 dB for UEs operating under enhanced coverage. When determining the gap pattern, one could take into account information on measured SNR level of the serving cell together with received CE levels which may be signalled by the serving eNodeB over SIB1bis to decide the frequency of the gaps. Since the periodicity of existing gaps are 40 ms (gap pattern ID#0) and 80 ms (gap pattern ID#1), one alternative could be to configure the CE UEs below SNR threshold -12 dB with gap pattern ID #0 and the other UEs whose measured SNR is above -12 dB with gap pattern ID #1. 
· Observation #1: Impact on scheduling opportunities is observed when a Rel-13 narrowband UE is retuned to central PRBs.

· Proposal #1: Coverage enhancements UEs can be configured with gaps during which UEs are allowed to retune to central PRBs to perform cell search. The said gap pattern can depend on measured SNR of serving cell and CE level. 
3 Conclusion
In this paper, we discuss cell search procedure for Rel-13 MTC UEs under normal and enhanced coverage. An impact on scheduling opportunities was observed due to that UE has to retune to central PRBs to carry out cell search. We also identified that gaps are needed to reduce the scheduling impact and to enable Rel1-3 MTC UEs to search on neighbor cells. The main observation and proposal is as follows:

· Observation #1: Impact on scheduling opportunities is observed when a Rel-13 narrowband UE is retuned to central PRBs.

· Proposal #1: Coverage enhancements UEs can be configured with gaps during which UEs are allowed to retune to central PRBs to perform cell search. The said gap pattern can depend on measured SNR of serving cell and CE level. 
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