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1. Introduction
The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in RAN#60 in [1] following the completion of the study item. According to the WID, one of the objectives is to specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilites:
· 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, we discuss the definition and reporting of new UE category mentioned above, eNB scheduling restrictions and necessity of additional coverage improvement for low cost MTC UEs for LTE. A companion contribution focusing on downlink bandwidth reduction can be found in [2].  
2. New UE category definition and reporting
Currently, there are 8 UE categories, i.e. category 1-8, defined in TS36.306. For low cost MTC UEs supporting maximum TBS of 1000 bits, a new UE category, e.g. category 0, needs to be introduced. The new UE category parameter values for downlink and uplink are provided in Table 1 and Table 2 respectively. The soft buffer size in Table 1 is dimensioned to fit 1000 bits at coding rate of 1/3 with 8 HARQ processes.
Table 1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 0
	1000
	1000
	25344
	1


Table 2: Uplink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 0
	1000
	1000
	No


Proposal 1: Introduce a new UE category in 36.306 for low cost MTC UE and set the parameters according to Table 1 and Table 2.
The motivation of introducing a new UE cateogry is to allow the cost of LTE modem for MTC to be competitive with that of GSM/GPRS. In that sense, the low cost MTC UE should support all the low cost techniques defined in the WID to reduce the cost as much as possible. Moreover, benefit from the economies of scale can be obtained and the network complexity can be simplified if all the low cost MTC UEs support the same capabilities. The low cost MTC UE only needs to report its new UE category to indicate its low cost capabilities.
Proposal 2: The new category UEs also support 1 Rx antenna and reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband.

It is quite straightforward to introduce a new IE to indicate the new UE category. Meanwhile, it is noted that the current IE ue-Category indicating category 1-5 is a mandatory IE. It should not be a problem no matter which category from 1-5 is reported by low cost MTC UE as long as the new IE indicating the new UE category can be recognized by the network. But if the low cost MTC UE accesses to a cell which does not support low cost MTC feature, the UE category selected from category 1-5 will be regarded as the UE’s category from the network side. The network’s scheduling may exceed the low cost MTC UE’s actual capability. Moreover, the low cost MTC UEs may fail to read SIB, paging, RAR, etc. before reporting its UE category since the network will not consider the existence of low cost MTC UEs supporting maximum TBS of 1000 and 1.4MHz bandwidth for downlink data channel only. Therefore, a proper way of reporting the new UE category/capability should be considered. 
Proposal 3: Clarify whether to consider preventing low cost MTC UEs  from accessing to the cell in which low cost MTC is not supported .
Proposal 4: Ask RAN2 to discuss and decide how to report the new UE category/capability for low cost MTC UEs to the network. 

3. eNB scheduling restrictions
eNB does not know the existence of the low cost MTC UEs until acquiring UE’s category/capability. Before that, the low cost MTC UE may need to read SIB, paging, RAR and so on which are scheduled by eNB. Thus eNB scheduling before acquiring UE’s category/capability should be in a manner that low cost MTC UE supports.

Observation 1: eNB scheduling before acquiring UE’s category/capability should be in a manner that low cost MTC UE supports.
It is noted that such scheduling may be difficult considering the reduced peak data rate and reduced downlink bandwidth capabilities of low cost MTC UEs, e.g. for some large system information. Thus it is beneficial to understand which SIB(s) are necessary for low cost MTC UEs. 
Analysis on critical sysmtem information required for low cost MTC UEs requiring coverage enhancement was given in [3]. The observations are:

· The information required for RRC Connection Establishment is present in MIB, SIB1 and SIB2.

· SIB3-SIB8 contain mobility related information that may not be required for low-cost MTC devices since these only need to support limited mobility (no seamless handover) according to the requirements in TR36.888.

· SIB9-SIB16 do not seem to contain information essential to this targeted types of UEs either, possibly with the exception for SIB14 which contains Extended Access Barring related information.

It seems to be reasonable for low cost MTC UEs and it is suggested to ask RAN2 to confirm the necessary system information for low cost MTC UEs.
Proposal 5: Ask RAN2 to confirm if only MIB, SIB1, SIB2 and possibly SIB14 are necessary system information for low cost MTC UEs. 
4. Coverage improvement for low cost MTC UEs

Based on the evaluations during the study item phase, DL-3 bandwidth reduction and maximum TBS of 1000bits will not degrade cell coverage while 1 Rx antenna causes 4dB downlink coverage degradation. In this section, we discuss if the 4dB downlink coverage loss needs to be compensated for low cost MTC UEs.

From MCL table for FDD in TR36.888 which is partially copied below, it is observed that PUSCH remains the limiting channel even with 4dB coverage degradation in downlink caused by 1 Rx antenna. In other words, 1 Rx antenna will not degrade overall coverage for LTE FDD. Hence, no additional coverage improvement is needed for low cost MTC UEs for FDD.

Table 3: MCL calculation for normal LTE FDD
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH 
(1A)

	(9) MCL
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1


For TDD, PDCCH becomes the limiting channels with 4dB downlink coverage degradation. The minimal MCL for TDD is reduced from 146.7dB to 142.9dB if 1 Rx antenna is introduced. However, it is noted that the MCL is still larger than GSM/EGPRS (139.4dB) and FDD (140.7dB). Our understanding about the motivation of the coverage analysis for low cost MTC UE is to ensure that the coverage is not worse than GSM/EGPRS assuming deployment in the same spectrum bands so that GSM/GPRS spectrum can be refarmed for LTE. In that sense, no additional coverage improvement is needed for low cost MTC UEs for TDD as well. 

Table 4: MCL calculation for normal LTE TDD
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH 
(1A)

	(9) MCL
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9


Observation 2: No additional coverage improvement is needed for low cost MTC UEs for both FDD and TDD to ensure the coverage for low cost MTC UEs for LTE is not worse than GSM/GPRS assuming in the same spectrum bands.

5. Conclusion
In this contribution, we discuss new UE category/type for low cost MTC UEs for LTE with the following proposals:
Proposal 1: Introduce a new UE category in 36.306 for low cost MTC UE and set the parameters according to Table 1 and Table 2.

Proposal 2: The new category UEs also support 1 Rx antenna and reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband.

Proposal 3: Clarify whether to consider preventing low cost MTC UEs from accessing to the cell in which low cost MTC is not supportedd.
Proposal 4: Ask RAN2 to discuss and decide how to report the new UE category/capability for low cost MTC UEs to the network. 

Proposal 5: Ask RAN2 to confirm if only MIB, SIB1, SIB2 and possibly SIB14 are necessary system information for low cost MTC UEs. 
Besides, we have the following observations on eNB scheduling restrictions and the necessity of additional coverage improvement for low cost MTC UEs.

Observation 1: eNB scheduling before acquiring UE’s category/capability should be in a manner that low cost MTC UE supports.

Observation 2: No additional coverage improvement is needed for low cost MTC UEs for both FDD and TDD to ensure the coverage for low cost MTC UEs for LTE is not worse than GSM/GPRS assuming in the same spectrum bands.
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