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1. Introduction
In order to provide coverage enhancement, repetition coding is applied to many of the physical channels used for MTC. Repetition coding and decoding are reasonably simple operations when the subframe format is the same for each subframe of the repeated set (i.e. the subframe formats are homogeneous): the same physical bitstream is transmitted in each subframe. 
In order to design repetition coding and decoding functions, RAN1 needs to decide which subframes are valid for M-PDCCH and PDSCH and, if repetition can occur between subframes of different type, how repetition encoding / decoding is performed across these non-homogeneous subframe types. 
The issue of which subframes are valid for M-PDCCH and PDSCH transmission was discussed in RAN1#81 in Fukuoka and the following working assumption was agreed [1]:
· The UE assumes that at least the following subframes would not be used for at least unicast M-PDCCH/PDSCH repetition

· FFS regarding MBSFN subframe(s)

· Special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP)

· Special subframe configuration is signaled by MTC SIB-1

· FFS uplink subframes in TDD 

· FFS on subframe(s) assumed to be used for frequency retuning when frequency hopping occurs in every Y subframes

· FFS on subframe(s) configured for a measurement gap

· FFS on other cases

This document discusses which subframes should be considered as valid subframes for M-PDCCH / PDSCH repetition and how to perform repetition coding / decoding between different subframe types. It is assumed that the same rules apply to PDSCH and M-PDCCH.
2. Valid Subframes for M-PDCCH and PDSCH
Table 1 provides Sony’s considerations on which subframes should be considered as valid subframes for M-PDCCH and PDSCH.

Table 1 – Valid subframes for M-PDCCH and PDSCH

	Subframe Type
	Validity for M-PDCCH and PDSCH

	Normal subframe
	Yes. This is the baseline case.

	MBSFN subframe containing PMCH
	No. The PMCH could potentially occupy the whole of an MBSFN subframe, leaving no resource for PDSCH / M-PDCCH. If the PMCH is turned on and off, the MTC UE would have to be continually updated with which subframes contain PMCH. This may cause the UE to have to continuously wake up to read PMCH activity signaling and may cause synchronization issues between the UE and eNodeB.  

	MBSFN subframe not containing PMCH
	Yes. Subframes can be allocated as MBSFN subframes in order to support LTE-A features. The number of LTE-A type subframes assigned will increase as more sophisticated UEs are introduced to the market. If MTC UEs are restricted from using these MBSFN subframes, the data rates, latencies and capacity available to MTC UEs will be restricted.

	Special subframe (config. 0/5)
	No. As per working assumption from RAN1#81.

	TDD uplink subframes.
	No. These subframes cannot be used for receiving DL channels.

	Subframes for frequency retuning during hopping
	No. These subframes cannot be used for receiving DL channels.

	Subframes configured for measurement gap
	No. These subframes cannot be used for receiving DL channels on the frequency band that is being applied to the MTC UE.

	Subframes containing CSI-RS
	Yes. As for MBSFN subframes not containing PMCH, we see no need to invalidate subframes containing CSI-RS as this would restrict data rate, latency and capacity available to MTC UEs.


3. M-PDCCH Mapped to MBSFN and Normal Subframes
In this section, we consider M-PDCCH or PDSCH repeated across a mix of subframes where some subframes are non-MBSFN subframes and some subframes are MBSFN subframes. It is assumed that both M-PDCCH and PDSCH are decoded using DMRS reference signals. For the sake of simplicity, in the following only M-PDCCH is discussed, but the discussion is equally applicable to the PDSCH. The following discussion can be easily extended to the case where some subframes contain CSI-RS: for the sake of brevity, the CSI-RS case is not considered in detail.
Figure 1 illustrates a potential set of subframes that could be used for transmission of an M-PDCCH. This figure shows the maximum number of subframes that can be applied to MBSFN in a frame. For the sake of simplicity, all MBSFN subframes are assumed to not contain PMCH.
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Figure 1 – Repetition coded M-PDCCH occupying both non-MBSFN and MBSFN subframes

The number of resource elements available for M-PDCCH varies from subframe to subframe depending on the type of subframe (MBSFN subframe or normal subframe). There are fewer resource elements available for M-PDCCH in a normal subframe since the subframe contains CRS in addition to the DMRS used for the M-PDCCH: Figure 2.
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Figure 2 – Available RE in normal and MBSFN subframes

Decoding of an M-PDCCH containing both normal subframes and MBSFN subframes can be handled using the Release-12 rate matching algorithm and the modem’s soft combining buffer. This requires an “LLR combining” architecture to be used at the UE.

A symbol combining architecture may be simpler and consume less baseband power than the LLR combining architecture. The performance of symbol combining may be superior in cases where the frequency tracking error is low. In order to support symbol combining, the same modulation symbols need to be transmitted in both normal and MBSFN subframes. This could be achieved by rate matching the M-PDCCH to the number of available M-PDCCH RE in the MBSFN subframe and then puncturing those RE used for CRS in the normal subframes. The receiver would only symbol combine those M-PDCCH RE that are “active”.

Simulations were performed to compare the cases where:

· Each repetition of the M-PDCCH is separately rate-matched to the physical resource in each subframe of the M-PDCCH.

· M-PDCCH is rate-matched to the number of resource elements in an MBSFN subframe and resource elements that are occupied by CRS are punctured. 

The simulated performance is shown in Figure 3. There is almost no performance difference between the approaches. This is to be expected because when there is a large amount of repetition:

· There is no difference in coding gain between the two approaches (the mother code rate is 1/3).
· There is no processing gain difference between the two approaches (the same number of coded physical bits is transmitted in both cases).

To allow UE device implementations to choose between an LLR combining and a symbol combining architecture, our preference is that when M-PDCCH spans subframes of different types (e.g. MBSFN subframes and CRS-only subframes), the M-PDCCH is rate matched to the MBSFN subframes and resource elements that are not available for M-PDCCH are punctured. 
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Figure 3 – Simulated performance of symbol combining and LLR combining in EPA

4. Definition of Repetition Level
In [2] it is proposed that:

· When a UE is scheduled with a PDSCH bundle with ‘m’ repetition number
· A UE assumes that ‘m’ subframes would carry the PDSCH bundle over M subframes where M >= m
This proposal essentially states that the repetition level ‘m’ applied to “valid subframes”. Sony support this proposal. It is understood that the “M-m” subframes implicitly referred to are invalid subframes. Sony also propose that the above rule is applied to M-PDCCH.
By implementing the above rule, the SNR performance of channels to which repetition coding is applied is consistent irrespective of the number of invalid subframes in the portion of the radio frame that the UE is allocated in. This rule is particularly important for small amounts of repetition (such as in the case where repetition is used to compensate for the single antenna nature of the UE rather than to provide coverage extension to basements): without this rule, if one of m = 2 subframes is an invalid subframe, then the M-PDCCH performance can be expected to be 3dB or more worse than the case where both of the m = 2 are valid subframes.
5. Conclusion
This document has presented Sony’s view on which subframes should be valid subframes for M-PDCCH and PDSCH in MTC. In order not to restrict the data rates, latencies and capacity of MTC, it is proposed that:

Proposal 1: The following subframes are valid for M-PDCCH and PDSCH: normal subframes, MBSFN subframes not containing PMCH and subframes containing CSI-RS.
All other subframe types would be invalid for M-PDCCH and PDSCH for MTC.

To allow UEs to be implemented according to the symbol combining architecture, it is also proposed that:

Proposal 2: When M-PDCCH spans subframes of different types (e.g. MBSFN subframes and CRS-only subframes), the M-PDCCH is rate matched to the MBSFN subframes and resource elements that are not available for M-PDCCH are punctured.

In line with the proposal in [2], we propose that:

Proposal 3:
· When a UE is scheduled with a PDSCH or M-PDCCH bundle with ‘m’ repetition number
· A UE assumes that ‘m’ subframes would carry the PDSCH or M-PDCCH bundle over M subframes where M >= m
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Appendix A: Simulation Assumptions
Table 2 lists the simulation assumptions applied in this document. These simulation assumptions are based on those in [3].
Table 2 – Simulation Assumptions
	Parameter
	Value

	MTC bandwidth
	1.4MHz

	System bandwidth
	10MHz

	Duplexing
	FDD

	Control start symbol
	2

	M-PDCCH type
	Distributed

	Aggregation level
	24 

	M-PDCCH set size
	6 PRB

	Precoding diversity
	Random beamforming

	DCI payload size (including CRC)
	37 bits

	Repetition level
	16

	Number of transmit antennas
	2

	Number of receive antennas
	1

	Antenna correlation
	low

	Channel model
	EPA

	Channel speed
	0Hz

	Carrier frequency
	2GHz

	Frequency tracking error
	100Hz

	Symbol timing accuracy
	Perfect

	Inter-subframe frequency hopping
	None

	Inter-subframe channel estimation
	None

	Inter-PRB channel estimation
	None

	Number of CRS ports
	2

	Reference symbols
	DMRS on antenna ports 107, 109

	Channel estimation
	Realistic

	CSI-RS
	No CSI-RS in subframe

	MBSFN subframes
	Subframes 1,2,3,6,7,8

	Starting subframe of M-PDCCH
	0

	Rate matching
	Symbol combining

Rate matching applied to number of M-PDCCH RE in MBSFN subframes

RE not available for M-PDCCH in non-MBSFN subframes are punctured

LLR combining

Rate matching applied to number of M-PDCCH RE in each subframe
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