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1 
Introduction
LC-MTC related requirements and RAN4 work plan [1] have been discussed in the last meeting. The unique features of LC-MTC have been also identified as

· Half duplexed (HD)-FDD

· Single receive antenna

· Downlink and uplink maximum TBS of 1000 bits

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

Due to the single receive antenna and HD-FDD, most of core requirements and test cases should be re-visited. The limited TBS and reduced DL bandwidth can have non-trivial impact on the demod related performance requirements and test cases. 
As LC-MTC is still under discussion in RAN1 and RAN2, some technical details which may impact RAN4 decision are still not fully clarified. In this contribution, several important issues are discussed and the related proposals are provided.    
2 HD-FDD
In the last meeting, it is pointed out that when a single oscillator is shared by both UL Tx and DL Rx at UE, several hundred microseconds will be taken to adjust the carrier frequency of oscillator when switching between UL and DL. This is a similar case as the inter-frequency monitoring using measurement gaps where the carrier frequency is tuned. As a result, the switching time of 500us is also required in LC-MTC. Even though the exact switching time is not decided yet, the impact due to the switch time can still be analysed conceptually. 
Proposal 1: In HD-FDD LC-MTC, switching time from Rx to Tx and from Tx to Rx is defined as 500us.
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Figure 1: DL and UL subframe assignment for LC-MTC
By assuming LC-MTC and non LC-MTC UEs can co-exist in the same network, both DL and UL frame structures at the eNB side should be unchanged for backward compatibility. Meanwhile, it is assumed the switching time takes no more than a half of a subframe or 500us. And, UE is not expected transmitting and receiving during the switching time. To make sure UE transmits and receives the data at the beginning of the subframe, the UL and DL subframes which fractionally collide with the switching time should not be scheduled for LC-MTC. Consequently, for every four subframes, only one subframe can be scheduled for LC-MTC. The duty cycle of both UL and DL for LC-MTC is 25%.

Observation 1: In LC-MTC, the duty cycle of both UL and DL is as high as 25% 
In the last meeting, cross subframe scheduling [2] is agreed to extend the coverage in LC-MTC as shown in Fig.2. In the cross subframe scheduling, PDCCH over multiple DL subframes should be jointly detected to achieve the repetition gain in time domain. Consequently, the related RLM requirements are impacted. As the cross subframe scheduling effectively increases the aggregation level. The corresponding Qin and Qout should be revisited. Meanwhile, due to low duty cycle of DL subframe, the minimum requirement on RLM should be updated.

Observation 2: Due to agreed cross subframe scheduling and low DL subframe duty cycle, the Qin, Qout and the RLM minimum requirement should be studied.  
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Figure 2: Illustration of cross subframe scheduling
It is noted the exact Qin, Qout and RLM requirements cannot be decided until the cross subframe scheduling design is finalized in RAN1. 
3 Single receive antenna
The core requirements and RRM test cases defined in [3] typically assume two receive antennas. Obviously, LC-MTC UE cannot enjoy the receive diversity when the single receive antenna is equipped.  From that point of view, the requirement relaxation is expected. However, in the spirit of the cross subframe scheduling agreed in RAN1, it is reasonable that RRM measurements can also benefit from the repetition gain in time domain. This is especially the case when both PDCCH and PDSCH are repetitively transmitted. In other words, the reported measurements (e.g. RSRP, RSRQ) should not only consider the channel/interference conditions but also take the repetition gain into consideration.
Observation 3: For LC-MTC coverage extension, both PDCCH and PDSCH can be repetitively transmitted. 
As a result, it is proposed
Proposal 2: The corresponding RRM measurement should also take the coverage extension into consideration. 
Due to the coverage extension and/or low DL subframe duty cycle, the measurement delay requirement is expected to be relaxed. The exact relaxation should depend on the decision from other RAN groups.
4 Maximum 1000 bits TBS 

One of motivations to reduce TBS is to save the HARQ buffer size. It is not clear if the reduced TBS also applies to PDSCH when it is used with SI-RNTI, RA-RNTI and P-RNTI, since the aforementioned PDSCH transmission should not be limited by the HARQ buffer size.
Observations 4: PDSCH when it is used with SI-RNTI, RA-RNTI and P-RNTI should not be limited by the reduced TBS size (i.e. up to 1000 bits).

It would be helpful to get confirmation from the corresponding RAN group on the reduced TBS application.
5 UE mobility
Even though the current discussion does not limit the UE mobility to stationary, it is however not very clear how typical the LC-MTC mobility should be. Supporting mobility should have non-trivial impact on several aspects of RRM requirements and UE implementation. If we don’t have to support the mobility, only MIB, SIB1/2/14 are needed to low cost MTC UE. And then automatically, there will be no issue of 2216bits and thus we don’t have to discuss the 6PRB restriction as well. Considering a target of 15dB coverage extension, the received SNR at LC-MTC can be very low in some cases. This may require very high receiver sensitivity (and cost also) if the conventional single-subframe based receiver is implemented. Cross-subframe based detection can effectively reduce the receiver sensitivity requirement. For example, when UE is stationary, the channel estimation can be easily done as the receive power of CRS is boosted by combining cross multiple subframes. However, when UE mobility is not low enough, the cross-subframe processing, especially for channel estimation, becomes very difficult if not impossible. As CRS estimation plays a big role in RRM, the corresponding measurements are impacted as well.
Observation 5: LC-MTC mobility may have big impact on both UE implementation and RRM related measurements.
As a result, it is proposed

Proposal 3: The stationary LC-MTC should be prioritized over mobile LC-MTC. It is FFS if the mobile LC-MTC should be considered.
6 Conclusion
In this contribution, the LC-MTC and related RRM impacts are discussed. It is observed

Observation 1: In LC-MTC, the duty cycle of both UL and DL is as high as 25% 
Observation 2: Due to agreed cross subframe scheduling and low DL subframe duty cycle, the Qin, Qout and the RLM minimum requirement should be revisited.  
Observation 3: For LC-MTC coverage extension, it is agreed both PDCCH and PDSCH can be repetitively transmitted. 

Observations 4: PDSCH when it is used with SI-RNTI, RA-RNTI and P-RNTI should not be limited by the reduced TBS size (i.e. up to 1000 bits).

Observation 5: LC-MTC mobility may have big impact on both UE implementation and RRM related measurements.
As a result, it is proposed
Proposal 1: In HD-FDD LC-MTC, switching time from Rx to Tx and from Tx to Rx is defined as 500us.

Proposal 2: The corresponding RRM measurement should also take the coverage extension into consideration. 

Proposal 3: The stationary LC-MTC should be prioritized over mobile LC-MTC. It is FFS if the mobile LC-MTC should be considered.
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