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1 Introduction

The objectives for the low cost MTC UE according to [1] are as follows:

· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting 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.

NOTE:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.
This contribution discusses some general considerations for low cost MTC UEs.
2 Discussions
2.1 1 Rx Antenna

In [2] it is proposed that from RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.  We would like to confirm this proposal.

Proposal 1: From RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.
2.2 1000 bits TBS restriction

In the WID [1], the downlink and uplink maximum TBS size is limited to 1000 bits, which can save between 10.5% to 21% of the UE cost [3].  The major cost reduction comes from reduction in UL processing, turbo decoding and HARQ buffer size.  However, there are some consequences to the system.

In [4] it is noted that the reduction in TBS would reduce the throughput and increase the overhead.  Transmission and reception of a message would take longer and is sent less efficiently.  This would lead to higher power consumption which would have an impact on the battery life. 
The 1000 bits TBS limitation was studied in RAN2 [5].  It was found that this limitation would have an impact on mobility (inter-frequency carriers) , SIB overhead and future expansion.  RAN2 recommended to increase the TBS limitation to 2216 bits.
Observation 1: The 1000 bits TBS limitation would have impact on the UE battery life, mobility and SIB overhead & future expansion.
Proposal 2: Increase the TBS limitation to 2216 bits.  

2.3  Bandwidth Reduction

The cost saving from bandwidth reduction arises from knowing the frequency position in advance for post-FFT data buffering and is independent of the separations between PRBs [3].  Since the (E)PDCCH and corresponding PDSCH are sent in the same subframe the following different frequency allocation schemes were proposed in previous meetings:
· Initial access

· Dynamic with cross-subframe scheduling

· Dynamic without cross-subframe scheduling

· Predefined (freq hopping)

· Fixed

· Subsequent access

· Dynamic with cross-subframe scheduling

· Dynamic without cross-subframe scheduling

· Semi-static

· Fixed

In [6] it is concluded that cross-subframe scheduling would have significant impact to the eNB scheduler and hence should be avoided.  However, semi-static, predefined or fixed allocations would also have some limitations on scheduler flexibility.  One approach proposed in [7] was that the dynamic method of PDSCH frequency allocation can be performed with insignificant cost by buffering only the 1st slot of the subframe.  Although in previous meeting we agreed to have cross-subframe scheduling for coverage enhanced mode operation, there is no need to unify such solution for normal coverage mode since an eNB supporting low cost MTC UEs does not necessarily support coverage enhanced mode and forcing such a eNB to support cross-subframe scheduling would have significant impact on the eNB.  Furthermore cross-subframe scheduling would require new procedures for SIB allocations that would affect both low cost MTC UEs and normal UEs, since the PDCCH indicating the SIB frequency allocation would need to be sent at least 1 subframe prior to the SIB transmission [8].
Apart from the impact on resource allocation, reduced bandwidth creates other issues.  One such issue is the reception of PMCH which is sent across the entire system bandwidth and hence it is difficult for low cost MTC UEs to support MBMS [8].

Reduced bandwidth for low-cost UEs would also require that the eNB know during the initial access stage whether the UE is a low cost MTC UE or a normal UE since it has to ensure that the RAR does not exceed 6 PRBs if the UE is a low cost MTC UE.

It has been concluded in RAN2 [5] that in order to provide more SIB information in the reduced (6 PRB) bandwidth, higher modulation may be required and this will have an impact on the coverage.  RAN2 suggested to increase the limitation from 6 PRBs to 12 PRBs.
Observation 2: Reduced bandwidth increases eNB complexity (if cross-subframe scheduling is used), and causes problems for PMCH reception, RAR allocation and SIB coverage.
Proposal 3: Remove altogether the reduced bandwidth restriction.  In any case, cross-subframe scheduling is not supported. 
2.4 HARQ Processes

The use of multiple HARQ processes fills in the waiting periods in the SAW RTTs, thereby increasing the UE throughput.  However the low cost MTC UEs are not expected to operate with high throughput and therefore can operate with a smaller number of HARQ processes.  Reduction in HARQ processes reduces the cost of the UE.
Observation 3: The number of HARQ processes for low cost MTC UE can be reduced from that of the normal UE and this would lead to cost saving.
The relaxation or removal of the TBS and bandwidth limitations can therefore be offset by a reduction in the number of HARQ processes supported.

Proposal 4: Reduce the number of HARQ processes required to be supported by low cost MTC UEs.

3 Conclusion

In this contribution we discuss some open issues for low cost MTC UE.  We observe:
Observation 1: The 1000 bits TBS limitation would have impact on the UE battery life, mobility and SIB overhead & future expansion.
Observation 2: Reduced bandwidth increases eNB complexity (if cross-subframe scheduling is used), and causes problems for PMCH reception, RAR allocation and SIB coverage.
Observation 3: The number of HARQ processes for low cost MTC UE can be reduced from that of the normal UE and this would lead to cost saving.
We propose:

Proposal 1: From RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.
Proposal 2: Increase the TBS limitation to 2216 bits.  

Proposal 3: Remove altogether the reduced bandwidth restriction.  In any case, cross-subframe scheduling is not supported. 
Proposal 4: Reduce the number of HARQ processes required to be supported by low cost MTC UEs.
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