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1 Introduction
In the RAN1 #76bis meeting, it was concluded that [1]:
· RAN1 will further discuss whether or not it is beneficial for the eNB to know a Category 0 UE with 1 RX antenna in RAN1 #77 meeting

· Whether or not Cat 0 UEs can be served by eNBs without knowledge of Cat 0 UEs, and if so, any issues
In this contribution, the necessity of an eNB to know a Cat 0 UE is analyzed from aspects of maximum TBS restriction, a single receive RF chain, and HD-FDD.
2 Necessity of differentiating Cat 0 UEs and legacy UEs
2.1 Maximum TBS restriction
In RAN1 #76 meeting, it was concluded that:
For PDSCH of the low complexity MTC UEs at least not in coverage enhancement: 
· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH. 

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI. 

In RAN1 #76bis meeting, “the 1000-bit limitation also applies to PUSCH” was agreed [1].

The maximum TBS restriction for common messages (SIB, RAR, Paging) for Cat 0 UE is the same as that of legacy UEs, so there is no need for eNB to differentiate Cat 0 UE and legacy UE when common messages are transmitted due to maximum TBS restriction. 
For unicast DL or UL data transmission, the maximum TBS restriction for Cat 0 UE is different from that of legacy UEs. However, before an eNB acquires UE’s category via UE’s capability reporting, it is possible that the size of one message would be larger than 1000 bits. For example, the size of UECapabilityInformation is probably larger than 1000 bits [2]. 
If an eNB cannot recognize a Cat 0 UE, the TBS corresponding to a data transmission for the UE may exceed 1000 bits. Then, the data transmission to the Cat 0 UE would fail. However, the eNB would think the failure of data transmission is due to poor channel conditions. Then, the eNB would continue to initiate scheduling or transmission for the Cat 0 UE. Therefore, the waste of control resource and data resource would occur. Certainly, an eNB could always grant unicast data transmission with TBS not larger than 1000 bits. However, considering the impact to legacy UE’s scheduling, an eNB would be upgraded to recognize Cat 0 UE and handle it appropriately rather than modified to always grant TBS not larger than 1000 bits.
In [3], it proposed “for low cost MTC UE to operate in legacy eNB, for downlink, it would need to report a CQI such that the scheduled TBS would not exceed NTBS”. However, even if for IMCS=0, the TBS for unicast transmission would exceed 1000 bits when the number of allocated PRB number is larger than 36. Moreover, the CQI reporting cannot be obtained for the reception of Msg4. Therefore, the scheme using CQI reporting to make the scheduled TBS not exceed 1000 may not be efficient. In addition to ensure proper operation at the eNB, the eNB scheduler may anyway need to be upgraded for the special processing procedure on reported CQI. Moreover, the specification and implementation impact on Cat 0 UE side may also be significant. A Cat 0 UE may comply with new CQI reporting rule, and/or disguises it as normal UE (e.g., Cat 1 UE) so as to be served by an eNB without knowledge of Cat 0 UEs.

To avoid inefficient resource utilization and substantial complexity on specification and implementation, an eNB can upgrade SIB1 content to support Cat 0 UEs in light of the agreement “A low cost MTC UE may access a cell only if SIB1 indicates that access of low cost MTC UEs is allowed” reached by RAN2 [4], and can also make a small upgrade on eNB’s identification of new UE category in order to recognize a Cat 0 UE and serve it properly. 
Observation 1: It is necessary for an eNB to serve a Cat 0 UE with the knowledge of Cat 0 UEs especially before UE’s capability reporting to avoid inefficient resource utilization. 

2.2 A single receive RF chain
It is true that an eNB can serve a Cat 0 UE without knowledge of the single receive RF chain feature. However, as evaluated in [5], the maximum number of RAR messages contained on given bandwidth is varied from the number of receive antenna. Especially for the smaller BW, the maximum number of RAR messages contained on a given bandwidth for 1R is very low. 
Although it is up to eNB’s implementation to decide the number of RAR contained in one Msg2 message regardless of the number of receive antenna. However, if an eNB can identify Cat 0 UE (with 1R) and legacy UE before RAR scheduling, it can pack suitable number of RAR in one Msg2 message. As a consequence, the capacity of Msg2 can be adaptively optimized according to the UE’s receive antenna number, and the performance of Msg2 transmission could also be guaranteed for both Cat 0 UEs and legacy UEs.  

Similarly, the capacity and performance of Paging transmission can also be adaptively optimized according to the UE’s receive antenna number.

Observation 2: It is beneficial for an eNB to know a Cat 0 UE before RAR/Paging scheduling to optimize the capacity and performance of Msg2/Paging transmission.

2.3 Half duplex FDD
Apparently, it is desirable for an eNB to know the HD-FDD feature of a Cat 0 UE to avoid the overlap between UE’s DL reception and UL transmission as much as possible. In current specification, a legacy UE can indicate the HD-FDD feature in the IE of UE-EUTRA-Capability. 
For the communications prior to UE reporting its capability, due to the predefined timing, there would exist time interval between one DL reception and subsequent UL transmission. For example, when a UE transmit preamble, it will detect the RAR within in a window which starts at the subframe that contains the end of the preamble transmission plus three subframes [6]. After a UE decodes RAR at n subframe, it will transmit Msg3 at 
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 [7]. As a result, the collision of DL reception and UL transmission could be naturally avoided. 
For HD-FDD Cat 0 UEs, the guard period should be defined to make Tx/Rx to Rx/Tx switching due to prolonged guard period [8]. However, the predefined timing of the communications prior to Cat 0 UE reporting its capability would be the same as that of legacy UEs. As a result, a HD-FDD Cat 0 UE can work properly before the UE category is known using the legacy procedure, and indicates its HD-FDD feature in the IE of UE-EUTRA-Capability as specified by the current specification.
Observation 3:  A HD-FDD Cat 0 UE can work properly before the UE category is known using the legacy procedure, and an eNB can obtain the HD-FDD feature of a Cat 0 UE from UE’s capability reporting.
To sum up, considering the necessity and benefits for an eNB to recognize a Cat 0 UE, it is necessary to differentiate Cat 0 UEs and legacy UEs.

Proposal 1: Considering the necessity and benefits for an eNB to recognize a Cat 0 UE, it is necessary to differentiate Cat 0 UEs and legacy UEs.
3 Scheme to differentiate Cat 0 UEs and legacy UEs
As analyzed in section 2, it is beneficial to differentiate Cat 0 UEs and legacy UEs before RAR scheduling. The preamble transmission is the first UL transmission for a Cat 0 UE to establish communication with an eNB. Therefore, a Cat 0 UE can report its category via preamble transmission. For example, the specification can specify some dedicated preambles for Cat 0 UEs. Thus, an eNB can identify a Cat 0 UE based on preamble detection.
Proposal 2: An eNB can identify a Cat 0 UE based on preamble detection.

4 Conclusion
In this contribution, the necessity of an eNB to know a Cat 0 UE is analyzed from aspects of maximum TBS restriction, a single receive RF chain, and HD-FDD, and the following observations and proposals are given.
Observation 1: It is necessary for an eNB to serve a Cat 0 UE with the knowledge of Cat 0 UEs especially before UE’s capability reporting to avoid inefficient resource utilization.
Observation 2: It is beneficial for an eNB to know a Cat 0 UE before RAR/Paging scheduling to optimize the capacity and performance of Msg2/Paging transmission.

Observation 3:  A HD-FDD Cat 0 UE can work properly before the UE category is known using the legacy procedure, and an eNB can obtain the HD-FDD feature of a Cat 0 UE from UE’s capability reporting.
Proposal 1: Considering the necessity and benefits for an eNB to recognize a Cat 0 UE, it is necessary to differentiate Cat 0 UEs and legacy UEs.
Proposal 2: An eNB can identify a Cat 0 UE based on preamble detection.
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