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1 Introduction

In this contribution, we provide our views on remained issues on PDSCH transmission for Rel-13 low-complexity UEs.
2 PDSCH resource allocation
In CE Mode A, fine granularity of PDSCH scheduling is required for scheduling flexibility. However, since it would be hard to acquire frequency diversity gain within a narrowband, Type 2 LVRB resource allocation which is already supported in the current specification seems appropriate for PDSCH scheduling. In this case, a field for resource allocation within the narrowband can have 5 bits.
However, in CE Mode B, dynamic indication of PRB location with high flexibility might not be needed, since PDSCH would be transmitted using resources as much as possible to reduce repetition number (e.g., 6 PRBs). Therefore, it is desirable to remove PRB assignment field from DL grant.
Proposal 1: For PDSCH resource allocation, Type 2 LVRB is applied in CE Mode A. PDSCH is transmitted using 6 PRBs always in CE Mode B.
3 PDSCH transmission

3.1 Redundancy version and scrambling sequence
In case of PUSCH, it was agreed that scrambling sequences are the same for Z subframes [1] to enable I/Q symbol-level combining. Even for PDSCH, RV pattern and scrambling sequence can be applied with the same manner of PUSCH for design commonality. Then, RV pattern and scrambling sequence during repetition can be cycled every Z subframe where Z=1 for no or small repetitions and Z>1 for other repetitions. In case of CE Mode A, RV value applied in the first subframe for PDSCH transmission can be indicated by DCI.

The value of Z can be same with Y where frequency location of PDSCH transmission is switched every Y consecutive subframes when frequency hopping is applied. Then, every subframe regardless of validity of subframe should be counted for RV cycling.

Proposal 2: For PDSCH transmission, RV value is cycled every Z subframes where Z=1 for CE Mode A and Z>1 for CE Mode B. In CE Mode A, RV value applied in the first subframe for PDSCH transmission can be indicated by DCI.
Proposal 3: For PDSCH transmission, scrambling sequences are the same for Z subframes where Z=1 for CE Mode A and Z>1 for CE Mode B.
3.2 PRB bundling

PRB bundling is supported in PDSCH transmission with TM9 in the current specification. However, the PRG size for PRB bundling is related to PRG size for PRB assignment. If granularity of PDSCH scheduling becomes 1 PRB in CE Mode A, PRG size can be 1. In case of CE Mode B, PDSCH can be mapped into 6 PRBs always and PRG size with 2 or 3 PRBs can be applied.
Proposal 4: For PDSCH transmission using transmission scheme corresponding to TM9, PRB size is 1 in CE Mode A and PRB size is larger than 1 in CE Mode B.

4 Handling of collision with other channels
4.1 M-PDCCH
As discussed in our companion contribution [2], collision issue between M-PDCCH and un-associated PDSCH should be handled.

There can be a collision issue between M-PDCCH and PDSCH scheduled by previous M-PDCCH as illustrated in Figure 1. Since PDSCH is scheduled prior to monitor M-PDCCH in subframe n+2, reception of PDSCH should be prioritized compared to M-PDCCH. In this case, we can think two solutions.

· Option (a): A M-PDCCH candidate is not monitored if an ECCE corresponding to that M-PDCCH candidate is mapped to a PRB pair for transmission of un-associated PDSCH in the same subframe.
· Option (b): M-PDCCH is rate-matched in PRB pair for transmission of un-associated PDSCH in the same subframe.
To utilize more resource for M-PDCCH transmission, it would be desirable to adopt Option (b).

Since PUSCH HARQ feedback is realized using M-PDCCH and asynchronous HARQ timing can be applied for PUSCH as proposed in [3], handling of PUSCH HARQ A/N and PDSCH collision can be same with M-PDCCH and PDSCH collision case.
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Figure 1. An example of M-PDCCH an un-associated PDSCH collision
Proposal 5: M-PDCCH is rate-matched in PRB pair for transmission of un-associated PDSCH in the same subframe.
4.2 SIB subframe
If a narrowband for unicast PDSCH and MTC SIB transmission are same, unicast PDSCH and MTC SIB cannot be transmitted in a subframe since MTC SIB is always transmitted using 6 PRBs. Then, if repetition number of PDSCH is 1 (i.e., R=1), PDSCH transmission is dropped in MTC SIB subframes. MTC SIB subframes mean subframes configured for MTC SIB transmission by MIB for MTC SIB1 and by MTC SIB1 for other SIBs. If repetition number of PDSCH is larger than 1 (i.e., R>1), a UE can assume that PDSCH is not transmitted in MTC SIB subframes and these subframes can be counted for PDSCH repetitions.

Proposal 6: If a UE receives unicast PDSCH in a narrowband for MTC SIB(s) transmission, a UE does not expect PDSCH transmission in subframes configured for MTC SIB(s).

5 TM2 PDSCH transmission in MBSFN subframe 

When a transmission scheme based on CRS is applied for PDSCH transmission, PDSCH would not be transmitted in MBSFN subframes even if some MBSFN subframes are configured as available subframe by MTC-SIB. In this case, similar to other UE-specific invalid subframes, MBSFN subframes configured as available subframe in MTC-SIB can be counted for PDSCH repetitions.

Proposal 7: MBSFN subframes are not utilized for CRS based PDSCH transmission

Proposal 8: Subframes which are not utilized for PDSCH transmission are counted for PDSCH repetitions, if these subframes are configured as available subframe for downlink transmission via MTC-SIB.
6 Conclusion 

In this contribution, we provided our views on PDSCH transmission and have following proposals.
Proposal 1: For PDSCH resource allocation, Type 2 LVRB is applied in CE Mode A. PDSCH is transmitted using 6 PRBs always in CE Mode B.
Proposal 2: For PDSCH transmission, RV value is cycled every Z subframes where Z=1 for CE Mode A and Z>1 for CE Mode B. In CE Mode A, RV value applied in the first subframe for PDSCH transmission can be indicated by DCI.
Proposal 3: For PDSCH transmission, scrambling sequences are the same for Z subframes where Z=1 for CE Mode A and Z>1 for CE Mode B.
Proposal 4: For PDSCH transmission using transmission scheme corresponding to TM9, PRB size is 1 in CE Mode A and PRB size is larger than 1 in CE Mode B.

Proposal 5: M-PDCCH is rate-matched in PRB pair for transmission of un-associated PDSCH in the same subframe.
Proposal 6: If a UE receives unicast PDSCH in a narrowband for MTC SIB(s) transmission, a UE does not expect PDSCH transmission in subframes configured for MTC SIB(s).

Proposal 7: MBSFN subframes are not utilized for CRS based PDSCH transmission

Proposal 8: Subframes which are not utilized for PDSCH transmission are counted for PDSCH repetitions, if these subframes are configured as available subframe for downlink transmission via MTC-SIB.
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