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1 Introduction
In this contribution, we discuss issues for low cost MTC based on information from the WID [1] and the recent LS from RAN1 [2], where actions for RAN2 are as follows:
1) RAN1 respectfully asks RAN2 to provide their view on the potential impacts to the performance of existing mobility functionality and, if the impact is not acceptable, further consider whether any modifications to mobility functionality (especially during data transfer) would be necessary for (ordinary and low complexity) UEs in enhanced coverage mode.

2) RAN1 respectfully asks RAN2 to analyse and feedback on solutions and impacts of the complexity reduction objectives in the work item description on the ability of a new low complexity category/type UE to operate with the same mobility functionality/requirements as other category UEs that are not operating in “enhanced coverage mode”.
We first discuss some details of the new UE category, including definition of the new UE category, UE capability signalling of coverage enhancement and SIBs that are relevant for the new category UE. We then discuss the impact of reduced TBS, including the mobility issue raised in RAN1 LS.
2 New UE category/type & UE capability
2.1 New UE category
The first objective for the MTC WI is to specify a new UE category/type for MTC operation:
· 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.

The second objective of the MTC WI is to provide coverage improvement for the new UE category as well as other UEs operating MTC applications: 

· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

The above objectives are also confirmed by RAN1 LS:

A new low complexity UE category/type for MTC applications is to be specified. Enhanced coverage mode for MTC applications is also to be specified for low complexity category/type UEs as well as other UEs.
In addition, RAN1 confirmed the following in RAN1#74:
· No need to support 64QAM for uplink
· The maximum number of supported layers for downlink and uplink is 1
With the above information, Table 4.1-1 and Table 4.1-2 of TS 36.306 can be filled in as shown in Table 1 and Table 2 below. The total number of soft channel bits is pending further decision in RAN1 mainly on the number of HARQ processes supported by the new category UE.
Table 1: Downlink physical layer parameter values set by the field ue-Category [TS 36.306 – Table 4.1-1]
	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
	TBD (RAN1 decision)
	1

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Table 2: Uplink physical layer parameter values set by the field ue-Category [TS 36.306– Table 4.1-2]
	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

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes


An open issue that needs to be resolved is the total layer 2 buffer size for the new UE category, which can be calculated according to the following formula (note that we have assumed RLC buffer size is the same as L2 buffer size):

Minimum RLC Buffer Size = MaxDLDataRate  * RoundTripTime  + MaxULDataRate  * RoundTripTime
Since MaxDLDataRate and MaxULDataRate are both 1000 bit per ms and RoundTripTime = 75 ms (as assumed for other categories as well), the required buffer size would be 18.4 Kbytes. By rounding to the nearest Kbyte, we have 20 Kbytes. 
Table 3: Total layer 2 buffer sizes set by the field ue-Category [Table 4.1-3 in TS 36.306]
	UE Category
	Total layer 2 buffer size [bytes]

	Category 0
	20 000

	Category 1
	150 000

	Category 2
	700 000

	Category 3
	1 400 000

	Category 4
	1 900 000

	Category 5
	3 500 000

	Category 6
	3 300 000

	Category 7
	3 800 000

	Category 8
	42 200 000


Proposal 1: A new UE category (Category 0) is introduced with reduced DL-SCH and UL-SCH TBS (maximum of 1000 bits) and L2 buffer size as shown in Table 1, Table 2 and Table 3.
Another open issue is whether MCH should be supported for Category 0 UE. One of the use cases is mass software upgrade over the air for MTC devices, where the file size may potentially be large. However, there are also associated specification and implementation complexity that need to be considered, e.g. it is unclear if reduced bandwidth of 1.4MHz for the data channel as mentioned in the WID is applicable if MCH were to be supported. Moreover, software upgrade over the air can also be supported using DL-SCH albeit with extended delay. Therefore, it is premature to make a decision on this issue at this stage.
Proposal 2: MCH support for Category 0 UE is FFS.

2.2 UE capability for coverage enhancement
As mentioned in both WID and RAN1 LS, coverage enhancement should be an optional feature for Category 1 to 8 UEs. However, it is not clear if the feature should also be optional or mandatory for Category 0 UE. Discussion on this issue has taken place in RAN1 and is expected to be finalized in RAN plenary. In any case, it does not delay RAN2 work as coverage enhancement feature should still be available for Category 0 UE.
Proposal 3: Capability signaling for coverage enhancement is introduced for UE categories 1 to 8.
Proposal 4: Whether coverage enhancement capability is mandatory or optional for Category 0 UE is FFS (can be left to RAN1/RAN plenary decision).
2.3 SIBs that are applicable for MTC UE not using enhanced coverage
There is a need to discuss which SIBs are relevant and which are not for Category 0 UE based on foreseen use cases and applications. Identifying only essential features for MTC will help drive cost reduction. It also allows us to determine which SIBs should be examined for the 1000 TBS constraint. 

There is a need to consider the SIBs needed for UE not using coverage enhancement mode and UE using coverage enhancement mode separately. This is because potential SI transmission overhead (in the form of repetition) required to support coverage enhancement can be significant. A brief analysis assuming Category 0 UE not using coverage enhancement mode is given below. Further discussion on UE using coverage enhancement mode can be found in [4].
SIB2
Since SIB2 contains essential system information, it is clearly needed for Category 0 UE.

SIB3/4/5

SIB3/4/5 are needed for cell reselection. For Category 0 UE not using coverage enhancement mode, RAN1 is currently considering if the same mobility functionality as other category UEs can be supported with the restriction of 1000 transport block bits. Note that unlike UE using coverage enhancement mode, Category 0 UE is not always stationary, therefore the same mobility functionality should be assumed support for Category 0 UE unless a major issue is identified. Hence, SIB3/4/5 are needed for Category 0 UE.
SIB6/7/8

SIB6/7/8 are needed for inter-RAT cell reselection. One of the main purposes for introducing MTC for LTE is to reduce the number of RATs that the network operators need to maintain in order to achieve network cost reduction. Supporting only a single RAT for Category 0 UE will also reduce cost. Hence, SIB6/7/8 are assumed not needed for Category 0 UE.
SIB9
SIB9 contains the HeNB name. An MTC device may be installed at home, and SIB9 can be used to show the HeNB name, e.g. to a user installing the MTC device. Hence, while not strictly essential, there is no strong reason to preclude SIB9 reception by Category 0 UE not using enhanced coverage mode.
SIB10/11/12

SIB10 and SIB11/12 are needed for ETWS and CMAS notification, respectively, which does not seem necessary for an MTC device. 
SIB13/15
SIB13 is needed for MCH support and SIB15 is needed for MBMS service continuity. As mentioned previously, MCH support for MTC devices should be FFS. Hence, the need for SIB13/15 is also FFS.

SIB14

SIB14 contains EAB parameters. As MTC is mainly for delay tolerant applications, SIB14 should be received by Category 0 UE.
SIB16

SIB16 contains timing information related to GPS and Coordinated Universal Time. This could be useful for applications requiring accurate timing information.
Proposal 5: The following SIBs are supported for Category 0 UE not using coverage enhancement mode: SIB2, SIB3, SIB4, SIB5, SIB14. In addition, SIB9 and SIB16 can also be considered.
3 Impact of reduced TBS
Reduced TBS is one of the techniques identified for cost reduction [3]. Since the data rate of MTC is typically small, reduced TBS is expected not to be an issue for most MTC UE operations that do not require advanced features. Nevertheless, reduced TBS may have other unintentional consequences which could impact some basic UE operations. Some potential impacts include (but not limited to): 
1. Impact on SIBs reception. 
· One of the potential issues with TBS limitation is whether the size of any SIB assumed supported by Category 0 UE may exceed the 1000 bits limit. Further analysis is given later.
2. Impact on parallel reception of DL physical channels
· Certain combinations of DL physical channels as specified in Table 8.2-1 of TS 36.302 may not be supported for Category 0 UE

3. Impact on mobility functionalities, which include cell reselection, handover and redirection upon RRC release
· The impact on cell reselection is related to the impact on SIB reception. If certain SIBs used for cell reselection exceed the 1000 bits limit, certain cell reelection function might be impacted. 
· Reduced TBS also increases the delay to deliver dedicated handover messages, which may have impact on delay sensitive mobility procedure such as handover. The result may be increased handover failure rate. Further study is needed to investigate the extent of such impact.
Regarding the impact on SIBs reception, we provide an analysis of the sizes of SIBs in Table 4, where only SIB1 to SIB5 are shown. The number of bits varies significantly depending on the number of optional configurations. Note that the numbers only indicate the length of encoded ASN.1, additional overheads such as RLC and MAC headers are not included. The numbers corresponding to “typical” corresponds to a Rel-9 network. From the table, we observe that there appears to be no issue with the 1000 bits limitation for all SIBs except for SIB5when the maximum size is assumed (which may not correspond to a realistic scenario). For a typical deployment scenario, it seems that all SIBs can fit comfortably within the 1000 bits limitation. 

Nevertheless, since the sizes of SIBs greatly depend on network configurations e.g. the number of frequencies and cells supported in SIB5, further study may still be needed to determine if SIB5 will not exceed the limit and if it can happen in practice, how to resolve such an issue.
Table 4: Sizes of MIB and SIB1 – SIB5
	SI
	Bits
	NOTE

	
	Typical
	Max
	

	MIB
	24
	24
	 

	SIB1
	~200
	808
	 

	SIB2
	~240
	712
	 

	SIB3
	~120
	184
	 

	SIB4
	~40
	120
	 

	SIB5
	~400
	5896 (2216 due to DCI format 1A limitation)
	Assumption for typical: 4 frequencies.


Observation: Category 0 UE with 1000 maximum TBS can receive existing MIB, SIB1 – SIB4. While the size of SIB5 does not appear to exceed the 1000 bits limit under a typical deployment scenario, its maximum size exceeds the limit (although it may correspond to a rather unrealistic scenario).
Proposal 6: Further study may still be needed to determine if SIB5 will not exceed the 1000 bits limit in practice and if it can indeed happen in practice, how to resolve such an issue. 
Proposal 7: Further study on the impact of reduced TBS on handover. 
4 Conclusions
In this contribution, we presented our views on the low cost aspects of MTC. Our proposals are as follows:
Proposal 1: A new UE category (Category 0) is introduced with reduced DL-SCH and UL-SCH TBS (maximum of 1000 bits) and L2 buffer size as shown in Table 1, Table 2 and Table 3.
Proposal 2: MCH support for Category 0 UE is FFS.
Proposal 3: Capability signaling for coverage enhancement is introduced for UE categories 1 to 8.
Proposal 4: Whether coverage enhancement capability is mandatory or optional for Category 0 UE is FFS (can be left to RAN1/RAN plenary decision).

Proposal 5: The following SIBs are supported for Category 0 UE not using coverage enhancement mode: SIB2, SIB3, SIB4, SIB5, SIB14. In addition, SIB9 and SIB16 can also be considered.

Observation: Category 0 UE with 1000 maximum TBS can receive existing MIB, SIB1 – SIB4. While the size of SIB5 does not appear to exceed the 1000 bits limit under a typical deployment scenario, its maximum size exceeds the limit (although it may correspond to a rather unrealistic scenario).
Proposal 6: Further study may still be needed to determine if SIB5 will not exceed the 1000 bits limit in practice and if it can indeed happen in practice, how to resolve such an issue. 
Proposal 7: Further study on the impact of reduced TBS on handover. 
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