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1 Introduction
Rel-13 WI on further MTC enhancements [1] has been discussed in several RAN4 meetings, and the focus is on the RRM measurement performance, as well as the feasibility to use RSRP measurement to distinguish different coverage enhancement (CE) levels for initial PRACH transmission, as asked in two RAN1 LS [2-3].

There are, however, other RRM related issues for Rel-13 low cost MTC UEs that have not been discussed so far. One area is the intra-frequency cell detection for narrow band operation. 
In this paper, we will discuss the problem of intra-frequency cell detection and possible solutions, as well as their potential impacts to RAN4.
2 Discussion

It has been agreed in RAN1 to support MTC UE operation with narrow bandwidth of 1.4MHz in a larger system bandwidth of e.g. 10MHz, as one of the means to further reduce the cost of MTC UE in Rel-13 compare to Category 0 UE defined in Rel-12. It has also been agreed to support flexible frequency allocation and frequency hopping for such narrow band MTC UE, which means UE can stay tuned to any 6-PRB sub-band over system bandwidth other than the fixed central 6-PRB.
For existing normal UE (non-LC MTC UE) the UE is capable of operating over the full system bandwidth i.e. the UE’s RF chain can stay tuned across and receive over the whole system bandwidth. In such design, intra-frequency RRM measurements, including detection and measurement of neighbor cells, on the same frequency as the serving cell can be performed at the same time as normal cellular operation.
However, for a narrow band UE (i.e. a UE which can only operate on a fraction of the full system bandwidth like e.g. the LC MTC UE under discussion), this may no longer be the case. If such UE is not operating on central 6-PRB of the serving carrier, the UE cannot perform neighbour cell detection unless its RF chain is re-tuned to central 6-PRB of the serving carrier, i.e. cell detection of neighbour cells is not possible without re-tuning as the PSS/SSS are still transmitted in the central 6-PRB and the UE needs to receive those.
Observation 1: To perform intra-frequency cell detection, narrow band MTC UE operating in other sub-band needs to re-tune to central 6-PRB.

Current cell detection requirement for non-DRX is 600ms, and that for DRX is listed in Table 1.

Table 1 Intra-frequency cell identification requirements for DRX
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (NOTE1)

	0.04<DRX-cycle≤0.08
	NOTE2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	NOTE2(20)

	NOTE1:
Number of DRX cycle depends upon the DRX cycle in use

NOTE2:
Time depends upon the DRX cycle in use


The requirements assume UE performing PSS/SSS acquisition every 40ms when in non-DRX. It would mean that for narrow band UE operation and when UE is not operating on central 6-PRB, frequency re-tuning is needed every 40ms for MTC UE to achieve the similar cell detection performance as currently defined. Since every re-tuning instance will interrupt up to one subframe (and at least cause loss of information in one TTI), there will be significant system impact if intra-frequency cell detection with UE autonomous re-tuning and is done using similar performance requirements as today.
For UE in DRX, UE is assumed to perform PSS/SSS acquisition every DRX cycle. If UE has to re-tune to central 6-PRB in every DRX ON duration, frequency hopping is effectively disabled.   
Observation 2: It is difficult for narrow band MTC UE operating in other sub-band to follow the current intra-frequency cell detection requirements.  
As MTC is typically a low mobility scenario, we think the current intra-frequency cell detection requirements can be relaxed for narrow band UE, in order to reduce the need for UE to access central 6-PRB just for measurement purpose. 

One simple solution is to extend the Tidentify_intra for non-DRX, so that UE does not need to access central 6-PRB every 40ms to get 15 PSS/SSS samples within 600ms, which is the current requirement. For DRX, we think UE can anyway re-tune to central 6-PRB during the DRX off period, so the current requirements might be applicable. However, we are also open to further relaxiation for DRX case.  

Another solution in our view is that intra-frequency cell detection is performed on need basis or in periodical manner, instead of continuously as required today. With this solution UE only performs intra-frequency cell detection during the co-called detection period, i.e. when network makes the re-tuning, and the system impact due to re-tuning is reduced.
With need based intra-frequency cell detection, UE performs cell detection only when it sees a needed. For example, today UE is already expected to suspend its intra-frequency RRM activity when the serving cell is better than a network configured threshold. UE can indicate the need to the network with measurement report, and perform intra-frequency cell detection when network makes the re-tuning. With periodical intra-frequency cell detection, network is expected to make frequency re-tuning happen periodically to enable UE to perform intra-frequency cell detection. 
Proposal 1: RAN4 consider extending Tidentify_intra at least for non-DRX, or defining intra-frequency cell detection requirements for narrow band operation on need basis or in periodical manner.
There are different alternatives to make the re-tuning. For example, in one alternative it can be done via scheduling, i.e. the re-tuning is done by network scheduling the UE to the central 6-PRB. Another alternative is using measurement gap, i.e. the re-tuning is done by network configuring measurement gap, and the data transmission can still be in other sub-band than central 6-PRB. Athird alternative would be leaving the re-tuning UE autonomous, but only defining an interruption rate, e.g. 0.5% as defined during Rel-11 CA discussions; it should be noted that this would impact Tidentify_intra extension, e.g. 0.5% implies Tidentify_intra should be extended to at least 6s.
In our understanding, how to make the frequency re-tuning happen should be decided in RAN1/2, but since it may impact RAN4 specification e.g. if gap is used also for intra-frequency cell detection, we need to take it into account in Nfreq, or if interruption is allowed, we need to specify the interruption rate, Therefore, we think it’s better to send LS to RAN1/2 to ask the question explicitly.    
Proposal 2: RAN4 send LS to ask RAN1/2 how to make frequency re-tuning happen.
3 Conclusions 

In this paper, we discussed the problem of intra-frequency cell detection for narrow band LC-MTC UE, and also provided our solutions.  
Specifically, we have the following observations and proposals.
Observation 1: To perform intra-frequency cell detection, narrow band MTC UE operating in other sub-band needs to re-tune to central 6-PRB.

Observation 2: It is difficult for narrow band MTC UE operating in other sub-band to follow the current intra-frequency cell detection requirements.  
Proposal 1: RAN4 consider extending Tidentify_intra at least for non-DRX, or defining intra-frequency cell detection requirements for narrow band operation on need basis or in periodical manner.
Proposal 2: RAN4 send LS to ask RAN1/2 how to make frequency re-tuning happen.
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