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1. Introduction
At the RAN1 #76bis meeting, there were intensive discussions regarding the new UE category/type for low cost MTC mainly for the PRB restriction and scheduling options [1]. In this contribution, we further discuss the remaining details of the new UE category/type for low cost MTC.
2. Discussion
2.1. Indication of low cost capability during random access procedures
In the previous meetings, the need for indicating a low cost capability during a random access procedure, e.g., PRACH or Msg. 3 was discussed. It is considered to be effective if cross-subframe/semi-static scheduling is introduced for low cost MTC UEs, since scheduling of Msg. 2 and Msg. 4 for Cat. 0 and other UEs become different. However, at the last meeting, it was agreed that, for low cost MTC UEs, the scheduling would be the same as Cat. 1 UEs and the indication is not necessary for the purpose of Msg. 2 and 4 scheduling. In addition, it was shown that if the eNB knows about a Cat. 0 UE with 1-Rx antenna, e.g., during paging and/or RAR, this would help increase the random access response capacity [1, 2]. However it is not clear whether indication of a 1-Rx property is efficiently utilized at the eNB, since the problems regarding capacity (coverage) do not occur for most of the 1-Rx UEs that are not experiencing poor channel conditions, e.g., cell-edge UEs. In this sense, the indication of a low cost capability using Msg. 1 or 3 is not necessary for 1-Rx indication. Even if early indication is agreed to be effective, we can reuse eNB signaling for a low cost MTC capability or random access preamble group [3], to guarantee the capacity for 1-Rx or cell-edge UEs.

Proposal 1: Indication of low cost capability using Msg. 1 or 3 is not supported.

Observation 1: Even if early indication is agreed to be necessary, it is possible to reuse the eNB signaling for a low cost MTC capability or mechanism of a random access preamble group.
2.2. Support of simultaneous reception
Whether or not to support simultaneous reception of unicast (up to 1000 bits) and common channels (up to 2216 bits) affects cost reduction effect, since the TBS, which should be processed in a TTI, is increased. For all of the legacy UE categories, simultaneous reception of unicast and common channels is supported [4]. If simultaneous reception is not supported for Cat. 0 UE, it affects the current design of the eNB scheduler and scheduling flexibility. In particular, in the case of HD-FDD operation, impact on scheduling flexibility becomes large and eNBs have to schedule DL and UL data channels considering the resource of common channel and guard period for HD-FDD UEs. In this sense, the simultaneous reception should be supported also for low cost MTC UEs.
Proposal 2: Simultaneous reception of unicast and common channels should be supported with the TBS limitation of 1000 and 2216 bits for unicast and common channels, respectively.

2.3. Support of EPDCCH
In Rel. 11 standardization, the EPDCCH is introduced in order to provide more resources for downlink control channels, for example, to deal with the increased number of small packets such as from MTC. In light of this motivation, the EPDCCH has the potential to be used in future NWs with low cost MTC UEs. Similar to the discussion regarding TMs, we prefer to use the same procedure for the transmission of the DL and UL grants for low cost MTC UEs. Moreover, considering that the explicit PRB restriction is not adopted for low cost MTC UEs, support of the EPDCCH does not significantly affect the UE cost. In this sense, the EPDCCH should be supported as an optional feature similar to non-low cost MTC UEs.
Proposal 3: The EPDCCH should be supported as an optional feature for low cost MTC UEs.
2.4. Low cost MTC UE operation in legacy networks
In order to extend the possibility of operating low cost MTC and achieve economies of scale, operating low cost MTC UEs is proposed as beneficial in legacy NW [5]. To activate low cost MTC in legacy NWs, low cost MTC UEs should manage to be scheduled small packets that satisfy the TBS restriction for Cat. 0, i.e., 1000 bits for UL/DL unicast data and 2216 bits for data referenced by SI-RNTI, P-RNTI, and RA-RNTI. Although, in [5], it is proposed that the TBS restriction is achieved by feeding back low CQI values or low buffer status reports (BSRs), it does not guarantee scheduling with a TBS of less than the TBS restrictions. For instance, even if a UE reports low CQIs for a legacy eNB, the eNB possibly schedule wide bandwidth especially when traffic is low. In addition, considering that the outer-loop control is generally used for MCS selection, the eNB usually does not directly follow the CQI feedback from the UE. Furthermore, restriction on the BSR may have an impact on the UL peak data rate, since the BSR is usually transmitted every several hundred milliseconds. Even if this problem is solved through eNB implementation, the problem still remains for roaming UEs. More specifically, legacy eNBs do not have a method for refusing roaming Cat. 0 UEs. Considering the number of issues raised, low cost MTC UEs shall be operated in low cost MTC capable eNBs, which is also aligned with the RAN2 agreement [6].
Proposal 4: Low cost MTC UE shall be operated in low cost MTC capable eNB although low cost MTC UE operation in legacy network is attractive motivation
2.5. Maximum TBS for MCH
Assuming that simultaneous reception of unicast and common channels is supported, UEs are capable of receiving 3216 bits. The maximum TBS for the MCH should be 3112, which covers the lowest TBS for the PRB of 110 and lower than 3216 bits.
Proposal 5: The maximum TBS for the MCH should be 3112 bits.
3. Summary

In this contribution, we discussed the remaining details regarding the new UE category/type for low cost MTC. Observations and proposals are given below.

Proposal 1: Indication of low cost capability using Msg. 1 or 3 is not supported.

Observation 1: Even if early indication is agreed to be necessary, it is possible to reuse the eNB signaling for a low cost MTC capability or mechanism of a random access preamble group.
Proposal 2: Simultaneous reception of unicast and common channels should be supported with the TBS limitation of 1000 and 2216 bits for unicast and common channels, respectively.

Proposal 3: The EPDCCH should be supported as an optional feature for low cost MTC UEs.
Proposal 4: Low cost MTC UE shall be operated in low cost MTC capable eNB although low cost MTC UE operation in legacy network is attractive motivation
Proposal 5: The maximum TBS for the MCH should be 3112 bits.
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