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1. Introduction

During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([2]) 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 RAN1 #74 meeting, agreements and conclusion have been achieved as below: 

“Agreements:

· New UE category for low cost MTC UEs also includes:
· No need to support 64QAM for uplink
· The maximum number of supported layers for downlink and uplink is 1”
Conclusion: 

· PDSCH frequency allocation method for further study:
· Pre-defined or fixed manner or dynamic-manner for initial access

· Semi-static or dynamic manner for others”
In this contribution, remaining details of identifying the new UE category/type are discussed.
2. Discussion on Specifying remaining details of new UE category
As agreed in [1], single receive RF chain, bandwidth reduction, and reduction of maximum transport block sizes for DL and UL are considered as key cost reduction techniques for MTC UEs based on LTE. In order to restrict any MTC-related low-cost technique to this new UE category only, it is recommended to introduce an MTC-specific UE category. Specifying an MTC-specific UE category allows the network to identify the UEs which use simplifications affecting the UE or network performance, since the UE reports its category upon initial connection. 
2.1 Specification impact analysis
Reduction of downlink maximum bandwidth provides significant cost savings due to reduced baseband processing. As shown in Table 6.2.3-2 in [1], average cost saving by bandwidth reduction of Option DL-1, Option DL-2 and Option DL-3 is about 39%, 28% and 19% respectively. In order for cost of the new category low cost MTC UEs based on LTE to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market, the cost of reference LTE modem needs to be reduced at least 50%. As summary shown in the table 7.1, only techniques combined with DL bandwidth reduction can meet the cost reduction requirement.  Among the three DL bandwidth reduction options, Option DL-3 (Reduced downlink channel bandwidth of 1.4 MHz for data channel) may be a right tradeoff between cost saving and specification impacts. Besides bandwidth reduction, the new low cost MTC UE category would have the features of single receive RF chain, downlink and uplink maximum TBS size of 1000 bits. Such features required by the new low cost MTC UE category have various impacts on the specification.
· Single receive RF chain
As agreed in [1], to support a new low cost MTC UE having the capability of single receive RF chain UE will require additional work in TSG RAN WG4 to define corresponding receiver characteristics, performance requirements and requirements relating to the reporting of channel state information. 

Coverage of the new low cost MTC UE category having the capability of single receive RF chain UE may be limited by the PDCCH. Compensation for downlink coverage loss needs to be considered when specifying the parameters of this new UE category.
· Downlink and uplink maximum TBS size of 1000 bits
In order to limit the downlink and uplink maximum TBS size to 1000 bits, to define a new UE category (Category 0) in 36.306 with maximum TBS of 1000 bits is needed.
Currently, high layer SIB size complies with the physical layer limitation of 1736 bits for DCI format 1C while 2216 bits for format 1A and SIBs having the same scheduling periodicity may also be mapped to the same SI message in high layer. The eNB could split large size SI message if needed so the potential impact of maximum 1000 bits TBS size is limited.  
Proposal 1: Ask RAN2 to verify 1000 bits maximum TBS size limitation for low cost MTC UEs.
· Reduced downlink channel bandwidth of 1.4 MHz for data channel
As discussed in RAN1 #74 meeting, three different frequency location options on downlink channel bandwidth reduction may be considered:
· Option1:frequency location of the reduced bandwidth is pre-defined
· Option 2:frequency location of the reduced bandwidth is to be changed semi-statically
· Option 3:frequency location of the reduced bandwidth is to be changed in dynamic manner
In order to support dynamic scheduling, the new UE category MTC UEs need to store all the data from the whole system bandwidth if same-frame scheduling is applied.  In order to keep relative low cost, cross-frame scheduling instead of same frame scheduling is needed for the new UE category MTC UEs to avoid additional buffer cost. If cross-frame scheduling is supported, the cost performance of option 3 (dynamic) would be similar to that of option 2 (semi-static). However, cross-frame scheduling is not backward compatible to legacy UEs. If same SIBs transmissions are shared by the new Category MTC UEs and other Cats legacy UEs during initial access, frequency location of the reduced data bandwidth to be changed in dynamic manner could not be supported and predefined distributed frequency location would be a better choice. If the new category MTC UEs use different SIB transmission scheme from legacy UEs, with support of cross-frame scheduling, reduced data bandwidth to be changed in dynamic manner could be applied for initial access. A new MTC-SI related RNTI may need to be introduced for the new Category MTC UEs.
Proposal 2:  For initial access:

2a) if legacy SIB/RAR transmissions are shared by the new Category MTC UEs, predefined distributed frequency location would be a better choice compared to dynamic manner.
2b) if the new category MTC UEs use different SIB/RAR transmission scheme from legacy UEs, with support of cross-frame scheduling, dynamic frequency location may be considered. A new MTC-SI related RNTI may need to be introduced in this case.

Note the scheduling gain is not obvious for common information like paging. Same DCI format is used for transmission SIB, RAR and paging. Same frequency location option as for initial access (SIB/RAR transmission) would be considered. It is preferable to use predefined frequency location for paging.
Proposal 3：For common information like paging, it is preferable to use predefined frequency location.
For other UE specific data transmissions, compared to semi-static, dynamic manner has better scheduling gain. It is preferable to use frequency location in dynamic manner. 

Proposal 4: It is preferable to use frequency location in dynamic manner for UE specific data transmissions.
If common control information (e.g., SIB, paging and RAR) can be blindly decoded, downlink channel bandwidth for control channels in baseband could also be reduced to 1.4MHz. 
2.2 New low cost MTC UE category
Defining a new UE category (Category 0) in 36.306 with maximum TBS of 1000 bits is needed for low cost MTC UEs.  Maximum number of supported layers for spatial multiplexing in DL is limited to 1 for the new low cost MTC UE category. “Total number of soft channel bits” is determined by maximum HARQ processing number and Maximum number of DL-SCH transport block bits received within a TTI.  If 24 bits CRC is used, total number of soft channel bits = 3*1056* maximum number of HARQ processes.  Compared to normal UEs, maximum number of HARQ processes for the low cost MTC UEs with the new UE category can be reduced from 8 to 4 or 2.
Table 1 and Table 2 show the downlink and uplink physical layer parameter values for the new category MTC UEs.

Table 1: Downlink physical layer parameter values
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	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
	3168 * maximum number of HARQ processes
	1


Table 2: Uplink physical layer parameter values 
	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 5: Physical layer parameter values in Table 1 and 2 are proposed for the new category MTC UEs.
2.3 Identifying the new UE category (Category 0)
Maximum TBS of the new category MTC UEs is limited to 1000 bits and the frequency location of 1.4MHz data channel for the new category MTC UEs may be pre-defined in the whole system bandwidth. The necessity of identifying the new category on reception of PRACH preamble depends on the transmission of RAR message (MSg2). For example, if RAR message could always be scheduled within the pre-defined frequency location that the new category MTC UEs could receive, there is no need to identifying the new category MTC UEs on reception of PRACH preamble. Otherwise, the eNB may schedule RAR out of the frequency range that the new category MTC UEs can decode. In order to identify the new category MTC UEs on reception of PRACH preamble, introducing specific PRACH resources for the new category MTC UEs may be considered.
Proposal 6: The necessity of identifying the new UE category on reception of PRACH preamble depends on the transmission scheme of RAR message (MSg2).
3. Conclusions
In this contribution, we have discussed the remaining details by introducing the new UE category, defining the new UE category and identifying the new category MTC UEs. We make the following proposals and observations:
Observation 1: It should be noted that if the frequency location of the data channel would be changed in dynamic manner using grants, “reduction of downlink data channel bandwidth” would be equivalent to “restricting the number of PRBs”.  Relative cost saving may not meet the cost saving requirement.
Proposal 1: Ask RAN2 to verify 1000 bits maximum TBS size limitation for low cost MTC UEs 

Proposal 2: For initial access:

2a) if legacy SIB/RAR transmissions are shared by the new Category MTC UEs, predefined distributed frequency location would be a better choice compared to dynamic manner.
2b)  if the new category MTC UEs use different SIB/RAR transmission scheme from legacy UEs, with support of cross-frame scheduling, dynamic frequency location is preferable. A new MTC-SI related RNTI may need to be introduced in this case.

Proposal 3：For common information like paging, it is preferable to use predefined frequency location.
Proposal 4: It is preferable to use frequency location in dynamic manner for UE specific data transmissions.
Proposal 5: Physical layer parameter values in Table 1 and 2 are proposed for the new category MTC UEs.
Proposal 6: The necessity of identifying the new UE category on reception of PRACH preamble depends on the transmission of RAR message (MSg2).
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