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1
Introduction
RAN#63 revised the scope of Rel-12 low cost MTC is as follows [1]:

· 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.

NOTE1:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.
NOTE2: The scope was reduced at RAN#63 to just focus on the low complexity UE aspects.
According to the revised WI description, Rel-12 low-cost MTC focus on the low complexity UE, that is one received antenna, limited bandwidth, and half-duplex FDD.
Another decision from RAN1#76 was [2]:
For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.
Since SI-RNTI, P-RNTI, and RA-RNTI uses only CRS, one HARQ process and possibly more than 6PRB, we should consider a new reference measurement channel corresponding to this scenario. 
In this contribution, we present the UE demodulation performance specification impact due to Rel-12 low cost MTC UE feature. 
2
Discussion
2.1
Impact on demodulation performance requirements
The low complexity UE feature affecting to the demodulation performance is (1) 1 Rx antenna, (2) maximum 1000 bits of TBS, (3) maximum 2216 bits of TBS referenced by SI-RNTI, P-RNTI, and RA-RNTI, and (4) and the reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband which corresponds to 6PRB. RAN2 has started the discussion of new low-cost UE category, i.e., Category 0, corresponding to the low complexity UE feature. 

2.1.1
Impacts on Performance requirement
The table below summarizes the impact for UE demodulation performance requirement according to the WI revision. 

Since RAN1does not preclude any transmission modes except for multi-layer spatial multiplication because of 1 Rx antenna, RAN4 should discuss which transmission mode is considered for category 0 UE. 
	Section number
	Section
	Possible updates

	8.2
	PDSCH (Cell-Specific Reference Symbols)
	· Add requirements for UE category 0 (limited bandwidth, maximum 1000 bits of TBS, 1 Rx antenna reception).

· Add requirements for UE category 0 (limited bandwidth, maximum 2216bits of TBS with SI-RNTI/P-RNTI/RA-RNTI, 1 Rx antenna reception.

· Add requirements for half-duplex FDD.

· FFS for transmission modes. 

	8.3
	PDSCH (User-Specific Reference Symbols)
	· Add requirements for UE category 0 (limited bandwidth, maximum 1000 bits of TBS, 1 Rx antenna reception).

· Add requirements for half-duplex FDD.

· FFS for transmission modes

	8.4
	PDCCH/PCFICH
	· Add requirements for UE category 0 (limited bandwidth, 1 Rx antenna reception).
· Add requirements for half-duplex FDD.

	8.5
	PHICH
	· Add requirements for UE category 0 (limited bandwidth, 1 Rx antenna reception).

· Add requirements for half-duplex FDD.

	8.6
	PBCH
	· Add requirements for UE category 0 (1 Rx antenna reception).

· Add requirements for half-duplex FDD.

	8.7
	Sustained downlink data provided by lower layers (SDR)
	· Add requirements for UE category 0 (limited bandwidth, 1 Rx antenna reception).

· Add requirements for half-duplex FDD.

· TM1

	8.8
	EDPCCH
	· Add requirements for UE category 0 (limited bandwidth, 1 Rx antenna reception).

· Add requirements for half-duplex FDD.


Since we need to include of a lot of requirements according to this feature, we prefer to reduce the number for test cases by combining the category 0 UE, half-duplex FDD and limited transmission modes.

Regarding sustained downlink data (SDR) requirement, we are not sure we need to consider the SDR requirement for low cost device. To reduce the work load in RAN4, it could be excluded from the requirements, but we need further discussion. 
2.1.2
Impacts on Reporting on Channel State Information

The table below summarizes the impact for CSI reporting requirement according to the WI revision. Though RAN1 has not yet preclude any PUSCH/PUCCH reporting modes for low complexity UE feature, RAN4 should discuss the benefit of sub-band CQI/PMI reporting requirement for limited band width support UE. 
	Section number
	Section
	Possible updates

	9.2
	CQI reporting definition under AWGN conditions
	· Add requirements for UE category 0 (limited bandwidth, 1 Rx antenna reception).

· Add requirements for half-duplex FDD.

· FFS for reporting modes
· FFS for Transmission modes for CRS/CSI-RS

	9.3
	CQI reporting under fading conditions
	· Add requirements for UE category 0 (limited bandwidth, 1 Rx antenna reception).

· Add requirements for half-duplex FDD.
· FFS for reporting modes
· FFS for Transmission modes for CRS/CSI-RS

	9.4
	Reporting of Precoding Matrix Indicator (PMI)
	· Add requirements for UE category 0 (limited bandwidth, 1 Rx antenna reception).

· Add requirements for half-duplex FDD.

· FFS for reporting modes
· FFS for Transmission modes for CRS/CSI-RS


2.1.3
Impacts on Performance requirement (MBMS)

RAN2 agreed that it is optional for a low complexity UE to support eMBMS, but what transport block size such a UE shall support for MBMS reception is still under discussion. PMCH is transmitted on all resource blocks of an MBSFN subframe, i.e. on the “entire” system bandwidth, as opposed to PDSCH which can be configured to span only a subset of the resource blocks. Low complexity UEs supporting MBMS can receive the MBMS service only when the transmission bandwidth is set to 6 resource blocks. This means, fsor any network with transmission bandwidth larger than 6 resource blocks, there would be a need to revise the MBMS framework to provide service to low complexity UEs that support the MBMS feature. 
It might be desirable to allow for PMCH reception on the central part of the carrier that covers more than 6 resource blocks assuming that 1.4 MHz system bandwidths. However, considering that changing the MBMS specification is out of the scope of the low complexity UE WI, we propose that low complexity UEs shall not support MBMS for Rel-12 given the identified limitations. 
2.1.4
Impacts on Annex
	Section number
	Section
	Possible updates

	A.3
	DL reference measurement channels
	· Add new reference measurement channels for UE category 0 (limited bandwidth).

· PDSCH with common reference symbols with FDD/TDD

· PDCCH/PCFICH

· PHICH

· Sustained downlink data rate provided by lower layers

· EDPCCH

	A.4
	CSI reference measurement channels
	· Add new CQI tables supporting max TBS of 1000 bits for both CRS and CSI-RS.

	B.1
	Static propagation condition
	· Define 1 Rx antenna propagation model.

	B.2
	Multi-path fading propagation condition
	· Define 1 Rx antenna propagation model.


2.2
Impact due to half-duplex FDD
Another feature affecting to the demodulation performance is half-duplex FDD, which RAN4 has not considered any requirements from Rel-8 although it has already specified in TS36.211 or in TS36.331.

RAN4#70 discussed the demodulation test for half-duplex FDD scenario. The proposal in [3] is to align the test setup as much as possible with full-duplex FDD. RAN4#70 has also agreed on an Rx-to-Tx and Tx-to-Rx switching time of up to 1 ms (includes 667 us round trip time for a 100 km cell) [4]. 
Considering the discussion above and ACK/NACK reporting requirements, for example, 4 subframe period scenario is suitable for half-duplex FDD scenario consisting 3 subframe PDSCH data transmission and one subframe Rx-to-Tx/Tx-to-Rx switching as shown in Figure 1. If we align the full-duplex FDD scenario with half-duplex FDD, the timeline is shown in shown in Figure 2.
However RAN4 RRM core part is also discussing the half-duplex FDD scenario. We would like to wait the conclusion and would like to align with this scenario with RRM core requirement as much as possible. 
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Figure 1
Half-duplex FDD scenario with 3 HARQ processes
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Figure 2
Full-duplex FDD scenario corresponding to Figure 1. 
3
Conclusions

We have shown the analysis of the UE demodulation performance specification impact according to the revised low-cost MTC WI. We propose to consider our impact analysis for the further discussion in RAN4. 
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