
3GPP TSG RAN WG2 Meeting #84

R2-134039
San Francisco, USA, 11st - 15th Nov 2013
Source:
CATT
Title:
Discussion on new UE category for low cost MTC UE and coverage enhancement mode capability
Agenda Item:
7.9.1
Document for:
Discussion and Decision
1. Introduction
The 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 of new UE category for low cost MTC UEs mentioned above and necessity of additional coverage improvement capability. 
2. Discussion
2.1  New UE category for low cost MTC UEs
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. From RAN1’s point of view, maximum HARQ processes of low cost MTC UE could be less than 8, it is FFS now. So the soft buffer size in Table 1 is dimensioned to fit 1000 bits at coding rate of 1/3 with N 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
	3168* N
	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 with TBS 1000 bits limited and set the parameters according to Table 1 and Table 2.
Maximum TBS of 1000 bits is one of features for low cost MTC UE, Shall RAN2 introduce any more capabilities to indicate 1 Rx antenna and reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, or the new category introduced above indicates all or part of features for low cost MTC UE? We analyze them respectively. 

· 1 Rx antenna
There is a loss of 4 dB in downlink coverage if only a single Rx antenna is used. RAN1 has disscused it, and the result of calculation shows that 4 dB degradation on downlink channels doesn’t affect coverage[2][3].
For FDD, with 4 dB degradation on downlink channels, the coverage is still uplink limited, i.e. weakest channel is still PUSCH.  Hence we do not need to “compensate” for any performance degradation since coverage is not affected

For TDD, with 4 dB degradation on downlink channels, the coverage has shifted from uplink limited (PRACH) in normal UE to downlink limited (PDCCH) for low cost.  However, additional “compensation” is only 0.2 dB.  

Based on the above, eNB don’t need any extra work for UEs with 1 Rx antenna. Therefore:

 Observation 1: 1 Rx antenna is unnessacery to inform eNB.
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband
There is no loss in coverage in reducing the bandwidth for downlink data only. However it restricted eNB scheduling. eNB schedules resources only in 6 PRB for UEs with small bandwidth. So UE needs to inform eNB this feature.
Summarized above, only  reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband needs indicate eNB. Could it use the same cateogry introduced for TBS 1000bits limited or introduce a new capability?
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. A single UE category would also reduce the amount of conformance testing and signalling required.
Proposal 2: The new category indicates both TBS 1000bits limited 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. Low cost MTC UE’s capability less than legency UE. If eNB regards the UE category selected from category 1-5 as UE’s capability, the low cost MTC UEs may fail. 
Proposal 3: If eNB received UE-EUTRA-Capability includes both category 1-5 and low cost category, eNB ignores category 1-5.

2.2  Capability for enhanced coverage mode
Another main objective of this WI is:

· 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 coverage enhancement feature is applicable to both low cost MTC UE and other MTC UEs.  
The MTC devices requiring coverage enhancement would be the minority, e.g., devices in a basement.  Since majority of the MTC devices (including low cost MTC UEs) are within natural coverage, only few UEs (both low cost MTC UE and other MTC UEs) need coverage enhancement, this extra capability (leading to extra tests and implementation) should be optional for low cost MTC UE and other MTC UEs.
Proposal 4: Coverage enhancement mode is an optional feature for low cost MTC UE and other MTC UEs .
In the RAN1 #74 meeting, the following agreements for PRACH coverage improvement were reached in [4]:

· Enhancement of PRACH format is required to achieve coverage improvement target

· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted

· Define one or multiple PRACH coverage enhancement level
· FFS whether or not to use PRACH to indicate coverage level

· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS

In the RAN1 #74bis meeting, the following agreement for PRACH coverage improvement was reached in [5]:

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
Agreements mentioned above shows that RAN1 has decided to use enhancement of PRACH format expressing UE’s requirement of coverage enhancement and corresponded level. Enhancement of PRACH format can imply UE supports coverage improvement. Therefore, eNB can get the UE’s capability for coverage enhancement mode during random access procedure. On the other hand, when an UE with coverage enhancement capability is in a normal scenario, even it report coverage enhancement capability in UE-EUTRA-Capability, eNB will treat it as a normal UE.
Proposal 5:A new UE capability for coverage enhancement mode is unnecessary.
3. Conclusion
In this contribution, we discuss new UE category/type for low cost MTC UEs and Coverage improvement capability. We have following proposals:
Proposal 1: Introduce a new UE category in 36.306 for low cost MTC UE with TBS 1000 bits limited and set the parameters according to Table 1 and Table 2.

Proposal 2: The new category indicates both TBS 1000bits limited and reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband.

Proposal 3: If eNB received UE-EUTRA-Capability includes both category 1-5 and low cost category, eNB ignores category 1-5.
Proposal 4: Coverage enhancement mode is an optional feature for low cost MTC UE and other MTC UEs .

Proposal 5:A new UE capability for coverage enhancement mode is unnecessary.
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