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1 Introduction
During RAN #60 meeting a new WI on “Low cost & enhanced coverage MTC UE for LTE” [1] was approved. One objective of this work item is to 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.
In this contribution, the impacts of these capabilities of the new UE category/type are discussed.
2 Discussion
2.1 Analysis of 1Rx antenna

The analysis of the impacts of 1Rx antenna is summarized in Table 2.1-1.
Table 2.1-1. Impacts of 1Rx antenna.
	Impacts on performance and complexity
	1. Leads to at least 3dB loss in DL measurement/estimation, i.e. DL coverage is reduced.

2. Handover failure increases as the handover zone becomes smaller 
3. Cell selection/reselection latency increases. The UE has to spend more time to find a good enough cell in a weak coverage area.

	Details requiring further RAN1 feedback
	RAN1 should confirm whether the new UE category should support 1Rx antenna without coverage improvements (3dB loss for DL measurement may reduce DL coverage or even have impacts on HO procedure).

	Impacts on RAN2 specification
	No RAN2 impacts.


Observation 1: According to the analysis, 1Rx antenna has no impacts on RAN2 procedures.
2.2 Analysis of limited TBS
The analysis of the impacts of limited TBS is summarized in the Table 2.2-1. 

Table 2.2-1. Impacts of limited TBS.
	Impacts on performance and complexity
	1. SIB transmission has the probability of exceeding 1kbit, e.g. multiple SIBs can be mapped in one SI message and sent within one TB.

2. According to RAN1’s preference, the new UE category shall have the same functionality in terms of mobility as other UE types, i.e. a UE belonging to the new category should read all mobility related SIBs (ETWS and CMAS may be exceptions), including those for intra/inter frequency and inter-RAT mobility, i.e. SIB3~8.
Note that these SIBs may exceed the TBS restriction by sending one of these SIBs, e.g. SIB5 may be larger than 1000 bits with a limit value of about 900 bytes, SIB8 (for for inter-RAT cell re-selection) may be larger than 1000 bits. 

	Details requiring further RAN1 feedback
	1. RAN1 should confirm which kind of mobility should be supported, e.g. intra-freq mobility/inter-freq mobility/inter-RAT mobility. 

	Impacts on RAN2 specification
	Considering the above problems, the following RAN2 alternatives could be considered: 

· Alt 1: For eNBs supporting the new UE category, eNB shall ensure that all SI message transmission does not exceed 1Kbit TBS.
· Alt 2: Restrict the number of necessary SIBs the new-category UEs need to read. The eNB shall only ensure that these SIBs’ transmission does not exceed 1Kbit TBS. 
· Alt 3: Define a new SIB specific for the new UE category which includes the necessary content of system information. The new category UE only needs to read this new SIB and MIB/SIB1.
1. For Alt1 listed above, the eNB has to restrict the MCS level of some big SI transmission over a threshold to ensure the TBS restriction, which may increase the SI reception outage.
2. For Alt2 listed above, RAN1 should provide feedback about which SIBs are not necessary for the new UE category.
3. For Alt listed above, this will lead to relatively big modification to the specification (and may be difficult to complete in Rel-12 timeframe with the current time budget for this WI). Furthermore, if it is confirmed that the new UE category will have the same functionality in terms of mobility as other UE types, there are similar risks as for Alt1.


Observation 2:  Some SIBs may be larger than 1Kbit under certain conditions, e.g. SIB5/SIB8. Since the UE cannot receive such SIBs, this might have an impact on some mobility procedures.
Proposal 1: RAN1 should confirm which kind of mobility should be supported, e.g. intra-freq mobility/inter-freq mobility/inter-RAT mobility.
2.3 Analysis of reduced downlink channel bandwidth
The analysis of the impacts of reduced downlink channel bandwidth is summarized in the Table 2.3-1. 

Table 2.3-1. Impacts of reduced downlink channel bandwidth.
	Impacts on performance and complexity
	1. The eNB should ensure that all control signaling (including SIB, RRC and NAS signaling) does not exceed the 6PRBs restriction before the eNB knows the UE category. This could apply e.g. to msg2, which could exceed the 6PRBs restriction when lots of UEs try to access the network at the same time.

	Impacts on RAN2 specification
	The following RAN2 alternatives could be considered:

· Alt 1: Before the eNB knows that the UE is of a new category, i.e. before receiving the UE’s capability info from the MME or UE, the eNB should ensure that any downlink message, e.g. msg2, does not exceed the 6PRBs restriction.
· Alt 2: Specify new mechanisms to help the eNB to identify the new category UEs before sending heavy signaling, e.g. msg 2 (when lots of UEs try to access the network at the same time)
· Alt 2a. Define specific PRACH resources for UEs belonging to the new category.
· Alt 2b. Add an indication in msg3 to inform the eNB
1. For Alt1 listed above, there could be risks of increasing the network access failure rate.
2. For Alt 2a listed above, the definition of specific PRACH resources for UEs belonging to the new category will reduce spectrum efficiency. 
3. For Alt 2b listed above, adding an indication in msg3 could be quite difficult, since the spare bits in msg3 are very limited.


Observation 3: Some downlink messages have the probability of exceeding the 1.4MHz restriction, e.g. msg2 could exceed the restriction when lots of UEs try to access the network at the same time.
Proposal 2: The eNB needs to identify the new category UEs before sending signaling exceeding the 1.4MHz restriction.
3 Conclusion

Observation 1: According to the analysis, 1Rx antenna has no impacts on RAN2 procedures.
Observation 2:  Some SIBs may be larger than 1Kbit under certain conditions, e.g. SIB5/SIB8. Since the UE cannot receive such SIBs, this might have an impact on some mobility procedures.
Observation 3: Some downlink messages have the probability of exceeding the 1.4MHz restriction, e.g. msg2 could exceed the restriction when lots of UEs try to access the network at the same time.
Proposal 1: RAN1 should confirm which kind of mobility should be supported, e.g. intra-freq mobility/inter-freq mobility/inter-RAT mobility.
Proposal 2: The eNB needs to identify the new category UEs before sending signaling exceeding the 1.4MHz restriction.
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