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1
Introduction
In this contribution, we consider some remaining issues related to the PDSCH. In particular, we address DMRS-based transmission mode, valid downlink subframes for PDSCH, and redundancy version.
2
DMRS-Based TM
In RAN1#82, it was agreed that TM 1, 2, and 9 would be supported while TM 3, 4, 5, 7, 10 would not be supported for LC-MTC and CE UE. In addition, when frequency hopping is configured for the PDSCH with DMRS-based transmission, the same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes. This is to allow multi-subframe channel estimation. When frequency hopping is not configured, it is FFS whether the same precoding matrix can be assumed for at least X consecutive subframes. This would allow multi-subframe channel estimation but would reduce the potential diversity gain from precoder cycling. However, based on results shown in [1], the gain from multi-subframe channel estimation is substantial especially if the frequency offset can be minimized. Therefore, it is proposed that the same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes. 
Proposal 1: The same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes when frequency hopping is not used.
One technique that may be considered for improving PDSCH performance in coverage enhancement is to use both DMRS+CRS for channel estimation. Table 1 shows results from using DMRS+CRS where a gain of up to 1dB can be observed. This would require that the precoder cycling pattern is fixed and known to the UE so that it can performance appropriate combining of the reference signals.
Table 1. Performance of DMRS+CRS (MCS5, 10% BLER, EPA 1 Hz, 100Hz residual frequency error, 2Tx-1Rx).
	Target MCL (dB)
	Required Repetitions

	
	2Tx – 1Rx

	
	Multi -SF Ch. Est (2SF) + Freq Hopping + 3dB CRS Boosting
	Multi -SF Ch. Est (2SF) + Freq Hopping + DMRS+CRS (3dB Boosting)

	143.7
	3
	2

	149.7
	12
	10

	155.7
	80
	64


3
Valid Downlink Subframes
In RAN1#82, the following agreements were made –

· The set of subframes to be used for downlink transmissions can be explicitly and cell-specifically signalled by the eNB by MTC-SIB1 (from RAN1 perspective) 

· If the explicit signaling is not present, a default operation is defined by RAN1 

· FFS the details for the default operation

· FFS the number of bits for the explicit signaling

· FFS how to handle MTC-SIB1

· FFS for the uplink case

· FFS how to handle some cases related to UE-specific subframe unavailability
Based on the agreements in RAN1#82, the set of subframes to be used for downlink transmissions will be signalled in MTC SIB1. The signaling could exclude e.g. subframes assigned for MBSFN, special subframes with very small DwPTS (considering the need to leave out 3 or 4 OFDM symbols for the PDCCH), and subframes used for PBCH repetition when the MTC is deployed in the center 6 PRBs. In case of enhanced coverage, the UE will postpone repetitions till the next available subframe. In case the explicit signalling is not present, all downlink subframes can be assumed to be available for downlink transmission. The exception would be only for special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP) are used. Note that special subframe configuration would also be signalled in MTC SIB1. In addition to the special subframe, uplink subframes in TDD (in case flexible subframe configuration is supported) should not be used for downlink transmission.  
Proposal 2: In case there is no explicit indication of the set of subframes to be used for downlink transmissions, the default operation is that all downlink subframes except special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP) and uplink subframes in TDD are used for unicast M-PDCCH/PDSCH.
For MTC SIB1, the period can be defined in the specification similar to legacy SIB1 transmission [2]. Because the UE is able to understand exactly at which subframe the SI message is transmitted over PDSCH, the implementation complexity for combining the various repetitions of each SI-messages could be lower as a consequence. The possible subframes are {0,4,5,9} for FDD and {0,5} for TDD and it can be fixed in the specification which subframe to be used. One possibility is to select subframe 0 or 5 so both FDD and TDD can use the same subframe. 

Proposal 3: The set of subframes to be used for MTC SIB1 is fixed in the specification.
For subframes that are configured for UE-specific functions such as measurements, the UE may or may not have to retune away from the downlink narrowband depending on the measurement types and bands. As a result, it is not always true that the UE cannot receive the downlink transmission. In this case, it is preferred that the UE does not postpone repetitions till the next available subframe. These subframes would still be counted as part of the number of repetition which would help to maintain the same HARQ timing in case of unavailable subframes that are UE-specific.
Proposal 4: UE does not need to postpone repetitions in case of unavailable subframes that are UE-specific.
4
Redundancy Version
Several options are possible regarding redundancy version (RV) to be used with repetition or TTI bundling – RV value changes every subframe, RV value changes every N subframes, and using only 1 RV value during repetition. The idea behind cycling every N TTI or to always use the same RV is to allow IQ combining across subframes.  However, it is clear that using only one RV is not preferred since there would be no incremental redundancy gain with large TBS. Therefore, the redundancy version should be changed every N TTI. However, it is for FFS the value of N.
Proposal 5: Redundancy version number should be changed very N subframes during repetition.

5
Conclusion
In this contribution, we consider some remaining issues on the PDSCH and make the following proposals –
Proposal 1: The same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes when frequency hopping is not used.
Proposal 2: In case there is no explicit indication of the set of subframes to be used for downlink transmissions, the default operation is that all downlink subframes except special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP) and uplink subframes in TDD are used for unicast M-PDCCH/PDSCH.
Proposal 3: The set of subframes to be used for MTC SIB1 is fixed in the specification.
Proposal 4: UE does not need to postpone repetitions in case of unavailable subframes that are UE-specific.
Proposal 5: Redundancy version number should be changed very N subframes during repetition.
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