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Discussion and decision
1 Introduction
As captured in [1], a new UE category/type for MTC operation supports the following capabilities:

· 1 Rx antenna.
· Downlink and uplink maximum TBS size of 1000 bits. 
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.
In addition to the above capabilities, it was agreed in RAN1#74 that the new UE category also includes: 

· No need to support 64QAM for uplink

· The maximum number of supported layers for downlink and uplink is 1

With respect to reduced downlink channel bandwidth for data channel in baseband, it was concluded to study further the PDSCH frequency allocation method. In addition, it is agreed to discuss repetition case first:
	Conclusion (RAN1#74):

· PDSCH frequency allocation method for further study until the next meeting:

· Predefined or fixed manner or dynamic-manner for initial access

· Semi-static or dynamic manner for others
Agreement (RAN1#74bis):

· At first, discuss repetition case, and discuss non-repetition case


In this contribution, a detailed analysis is provided taking into account the outcome of the study item phase.
2 PDSCH frequency allocation for low cost MTC UE
In this section multiple PDSCH frequency allocation methods are discussed including the observations captured in TR 36.888 [2]. Both repetition case for coverage enhancements and non-repetition case are taken into account. During the study item phase, the reduced bandwidth was assumed to be no less than 1.4 MHz, and the frequency location of the reduced bandwidth was assumed to be fixed at the center of the carrier bandwidth. In TR 36.888 [2], most observations for the reduced bandwidth technique were obtained under these assumptions. On the other hand, it was initially observed that the frequency location of different MTC UEs could be configured differently to allow more MTC UEs to be supported in the system. Some variations were identified for the configuration of frequency location, i.e. the frequency location can be changed semi-statically, dynamically, or in a predefined pattern for each UE. Each frequency allocation method is discussed in detail in the following:
· Fixed method: The PDSCH frequency location of reduced channel bandwidth is fixed within the carrier bandwidth.
· Predefined method: the PDSCH frequency location of reduced channel bandwidth is configured by a predefined pattern for each MTC UE.
· Semi-static method: the PDSCH frequency location of reduced channel bandwidth is semi-statically configured.
· Dynamic method: the PDSCH frequency location of reduced channel bandwidth can be changed using downlink grants. It is considered the same as one of the techniques for reduced peak rate, i.e. restricting the number of PRBs.
Performance
In case of a fixed method, some degradation in downlink spectral efficiency for the MTC UEs is expected due to the lack of frequency selective scheduling gain. This would result in larger PDSCH reception time and consequently increase overhead, latency, and UE power consumption. Using a predefined method can alleviate the spectral efficiency loss in the form of frequency hopping that can provide frequency diversity among repetitions. In case of semi-static method, the eNB can configure the frequency location of the reduced channel bandwidth so that frequency selective scheduling gain can be obtained (assuming a slowly varying channel for a quasi-stationary MTC UE). The dynamic method can fully utilize the frequency selective scheduling operation without introducing specification changes. 

Cost saving

As analysed in [2], the reduced bandwidth technique (DL-3) shows ~19% cost saving gains. When the reduced bandwidth technique is combined with single receiver RF and maximum TBS size of 1000 bits, the overall cost saving gains are estimated to be about 50%. In case of fixed/predefined/semi-static method, the MTC UEs know the PDSCH frequency location of reduced channel bandwidth early enough before the UE performs PDSCH related processing. Therefore, MTC UEs can realize the above estimated cost saving gains. On the other hand, a dynamic method would require data buffering across the entire carrier bandwidth which will increase UE complexity/cost. Allowing for a PDCCH to schedule a PDSCH in a next subframe will avoid the previous shortcoming but in return it will impact the scheduler operation as this functionality is not currently supported (although it may be required for coverage limited MTC UEs) and will also affect throughput for non-MTC UEs (by imposing scheduling restrictions) especially if multiple MTC UEs are scheduled in a subframe. Therefore, cross-TTI scheduling should be avoided for MTC UEs. 
Specification impact

In case of a fixed method, the frequency location of the reduced channel bandwidth can be fixed at the center of the carrier bandwidth as assumed in TR 36.888 [2]. However, it would be necessary to have multiple fixed frequency locations in order to accommodate a large number of MTC UEs. Each MTC UE can have different fixed frequency location. Then, the fixed method requires some specification support to determine the frequency location for each MTC UE. For the predefined method, a hopping pattern of frequency locations of reduced channel bandwidth for each MTC UE needs to be specified. The semi-static method requires signaling to indicate the frequency location of the reduced channel bandwidth, e.g. RRC signaling. The dynamic method can be supported by implementation, i.e. by utilizing existing DCI.
A fixed or dynamic method can be applicable for MTC UEs in the process of initial access as there would be no ambiguity in the frequency location of the reduced channel bandwidth. 
Network controllability / system scalability
MTC UEs can be served only within the reduced channel bandwidth of 1.4MHz, which limits the capacity of MTC UEs in the system. From a system perspective, the eNB should take into account the coexistence among MTC UEs and non-MTC UEs. In case of a semi-static/dynamic method, the eNB can control the frequency location of the reduced channel bandwidth for each MTC UE as well as the number of reduced channel bandwidths within a carrier bandwidth. This network controllability/system scalability would be necessary in light of the expected large amount of MTC UEs within carrier bandwidth in the future. 
Based on above discussion it is proposed that: 
· Cross-TTI scheduling should be avoided for MTC UEs.

· The PDSCH frequency location of the reduced channel bandwidth for MTC UEs should be at least semi-statically configured. A predefined hopping pattern can also be considered. 
3  Conclusion
In this contribution, the methods for PDSCH frequency allocation were discussed. Based on the discussion, it is proposed that: 
Proposal: 
· Cross-TTI scheduling should be avoided for MTC UEs.

· The PDSCH frequency location of the reduced channel bandwidth for MTC UEs should be at least semi-statically configured. A predefined hopping pattern can also be considered.
References

[1] RP-130848, New WI: Low cost & enhanced coverage MTC UE for LTE, Vodafone

[2] 3GPP TR 36.888, Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE
Page 1

