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1. Introduction
A WI to define the requirements for MTC UEs was agreed in RAN#60 in [1]. The main RAN1 agreements that have impact on the RAN4 specifications are listed below:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband
In [2] a brief overview of the expected work areas was presented. In this paper we will discuss the impact of the single receive antenna on the RAN4 specifications.
2. Discussion
The core and performance specifications currently defined in 36.101 and 36.133 were developed under the assumption that the UE has 2 receive antennas linked to 2 separate receive chains(Section 8.1.1 of 36.101). The 2 receive chain enable performance gains through receive diversity. For a UE that has only 1 receive chain the above assumptions is no longer valid, hence, all the requirements that assume receive diversity have to be revisited. In this paper we focus on the RRM and demodulation requirements in 36.133 and 36.101.
2.1. RRM Requirements

Based on our initial analysis the requirements that have to be revisited in 36.133 are listed below
· Cell identification requirements in Section 8.1
· Intra-frequency measurement requirements in Section 8.1.2 .2 are likely to be of most interest

· Measurement accuracy requirements in Section 9
· Intra-frequency RSRP and RSRQ accuracy requirements in Sections 9.1.2 and 9.1.5
All the RRM requirements- the ones listed above and the other requirements related to measurements such as measurement procedures in connected mode and idle mode- may also have to be revisited depending on the mobility needs of MTC UEs. While these UEs will most likely have very limited mobility, some basic functionality to allow setting up a connection and adapting to changes in the network topology will still be needed. 

It should be noted that the radio link monitoring core requirements in Section 7 are written in a generic way that is independent of the receiver performance so these would only need to be revisited if the MTC UEs do not support the PDCCH formats used. However, as the PDCCH demodulation performance is expected to change, the RLM test cases will have to be revisited accordingly.

2.2.  Demodulation requirements
UE category 1 supports 1 Rx, but the TBS size of this UE category can go up to 10296 bits which makes it not suitable for MTC operation. Hence, a new UE category is needed for MTC. RAN1 is still discussing this and once an agreement is reached, RAN4 needs to update 36.101 tables 8.7.1-3 (FDD) and 8.7.2-3 (TDD) to reflect this newly defined category. 

Additional fixed reference channels also need to be defined to support MTC operation. Using 6 PRBs in these reference channels may not be always feasible and some channels need to use less number of allocation PRBs. For example, when defining a 64QAM channel, the minimum TBS that can be used for 6 PRBs is 1800 bits which is larger than the max allowed of 1000 bits. In this case, we need to define the FRC with less number of allocated resource blocks.
In addition, a new CQI to transport format table needs to be defined. The challenge here is if we want to follow 36.213 CQI table (Table 7.2.3-1), then the number of bits in the payload (for fixed number of PRB=6) will exceed 1000 bits if we want to achieve the higher coding rates. The table will be similar to 36.101 table A.4-6. Since RAN1 only precluded 64QAM for UL and not for DL, this will not in line with the MTC UE capability. The other option we have is to reduce the number of PRBs allocated such that at the highest code rate, the number of bits needed to achieve it does not exceed 1000 bits. This can be studied for CRS based and possibly CSI-RS based modes of operation.
As part of the requirements [1], the new UE category/type for MTC operation should be specified in all LTE duplex modes (FD-FDD, HD-FDD, TDD). For the RAN4 requirements, it is reasonable to add requirements that cover all 3 duplex modes.

The demodulation requirements that have to be revisited in 36.101 are listed below.

· Demodulation requirements in Section 8
· Including PDSCH, (E)PDCCH, PHICH, PBCH, and SDR
· CSI requirements in Section 9
· CSI requirements in Sections 9.2, 9.3, and 9.4
A single receiver UE will not support any multi layer transmissions (MIMO), hence, it will only support a limited number of transmission modes and schemes. Consequently, the requirements and test cases will have a limited scope. 

Based on the above analysis we identified some key areas where the RRM and demod requirements will have to be revisited for MTC UEs with a single receive antenna. To develop these new requirements some of the work done in previous releases will have to be replicated. While the scope will be limited, a significant amount of work with a simulation campaign is expected. 
Considering that the RF requirements have a big impact on the RRM core requirements and all the performance requirements, we recommend to wait for the completion of the RF requirements(or at least until there is some clarity on what the requirements will be) before we begin to address the issues presented in this paper. 
3. Conclusion
In this paper we presented an initial analysis on the development of RAN4 requirements for MTC UEs with a single receive antenna. While the scope of the work will be somehow limited due the constraints imposed by the single receive antenna, we expect a significant amount of simulation work.
Also, we recommend to wait for the RF requirements to be completed(or at least close to completion) before starting the work on the RRM core and performance requirements.
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