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1 Introduction

DCI format 1A can schedule a PDSCH in TM10. Rate matching and RE mapping rules were agreed at RAN1#70bis for a PDSCH scheduled by DCI format 1A. The quasi co-location behavior and the fallback transmission scheme are remaining issues.

In terms of fallback transmission scheme, the following were proposed at RAN1#70bis:
	
	Fallback transmission scheme proposed in [1]
	Fallback transmission scheme proposed in [2]

	Common search space
	TxD and antenna port 0
	TxD and antenna port 0

	UE-specific search space in normal subframe
	Antenna port 7
	TxD and antenna port 0

	UE-specific search space in MBSFN subframe
	Antenna port 7
	Antenna port 7


For a PDSCH demodulation by DMRS, it was proposed in [1] that quasi co-location behavior B applies to a PDSCH scheduled by DCI format 1A in TM10, while it was proposed in [2] that the UE assumes DMRS are quasi co-located with the downlink serving cell’s CRS.

This contribution discusses these options and proposes to agree on the proposal in [1].
2 Fallback transmission scheme
The fallback transmission scheme scheduled by DCI format 1A in Rel-8/9 relies on demodulation over CRS port 0 or multiple CRS ports in case of TxD. In Rel-10, this principle was kept for a PDSCH scheduled in a normal subframe, while demodulation is based on DMRS port 7 in MBSFN subframes.

RAN1 has agreed that CSI feedback in TM10 relies on configured CSI-RS regardless of whether RI/PMI reporting is configured for a CSI process. Demodulation is based on DMRS when the UE receives a PDSCH scheduled by DCI format 2C (or its extension for TM10). It was also agreed at RAN1#70 that there is no change to the demodulation for a PDSCH scheduled by DCI format 1A in an MBSFN subframe. The remaining aspect is about the demodulation for a PDSCH scheduled by DCI format 1A in a normal subframe for a UE configured in TM10.

Candidate transmission schemes and associated demodulation reference signals are listed here:

· Single CRS port 0

· Multiple CRS ports (TxD)

· Single DMRS port 7

· Multiple DMRS ports (TxD)

· New DMRS matching the overhead and density of hypothetical CRS ports (TxD)

The first aspect to consider is the availability of CSI feedback for accurate link adaptation for the fallback transmission scheme. In general, the eNB will not receive CSI feedback that matches the fallback transmission scheme. Except for the case of feedback based on a single CSI-RS port and demodulation based on DMRS port 7 in MBSFN subframe, CSI feedback when the UE is not configured to report RI/PMI is irrelevant to an existing transmission scheme. Since a UE supports multiple CSI processes, the eNB can configure one CSI process to provide feedback for transmission over antenna port 7.

Unless new demodulation reference signals are introduced for matching the overhead and density of the hypothetical CRS ports assumed by the UE for demodulation with CSI feedback based on multiple CSI-RS ports, there would be no transmission scheme matching the CSI feedback of the UE for more than one CSI-RS port. Considering the complexity of introducing new reference signals, the simplest way to provide a fallback transmission scheme based on an existing transmission scheme is to demodulate the PDSCH scheduled by DCI format 1A over DMRS port 7 in normal and MBSFN subframes.

The second aspect is about testability for the case where the UE reports CQI based on multiple CSI-RS ports assuming demodulation on hypothetical CRS ports. It was argued that a transmission scheme based on TxD scheduled by DCI format 1A in TM10 is a requirement for maintaining testability. It was also argued that the RAN4 performance requirements can rely on recorded channel realizations and feedback in order to avoid the need of having the assumed transmission scheme be available in the same transmission mode, and the test can be performed by configuring the UE in TM2. If RAN4 deems this approach feasible, then testability aspects would be covered without the need to support actual TxD transmission in TM10.
The third aspect is about future evolutions of the standard, especially considering a potential new carrier type where CRS are not available for demodulation. This would leave the choice between always using DMRS port 7 for any DCI format 1A assignment, or additionally defining new DMRS matching the overhead and density of hypothetical CRS ports for TxD. Following the same approach as in TM9, when CRS are not available for demodulation in a subframe, demodulation can rely on antenna port 7.

Finally, in order to continue supporting broadcast transmissions of PDSCH scrambled by SI-RNTI, P-RNTI and RA-RNTI in the common search space, we propose to support TxD for a PDSCH scheduled by DCI format 1A in common search space when the UE is configured in transmission mode 10.

Considering the aspects above, it is proposed to define a single fallback transmission scheme for TM10:
Proposal 1: The transmission scheme for a PDSCH scheduled by DCI format 1A in TM10 is:
· In common search space: TxD (on CRS ports) and antenna port 0

· In UE-specific search space in normal subframe: antenna port 7

· In UE-specific search space in MBSFN subframe: antenna port 7
3 Quasi co-location
The two behaviors below were defined at RAN1#70 for quasi co-location between different RS types:

· Behavior A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, average delay, delay spread}.

· Behavior B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {delay spread, Doppler spread, Doppler shift, average gain, average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signaling may be assumed as quasi co-located wrt {delay spread, Doppler spread, Doppler shift, average delay}.

For a TxD PDSCH, no particular quasi co-location assumption is necessary and either behavior A or B can be assumed by the UE. For a PDSCH demodulated on antenna port 7, behavior A would allow the UE to assume that the serving cell’s CRS and port 7 are quasi co-located, while behavior B would allow the UE to assume that one signaled CSI-RS resource and port 7 are quasi co-located. Considering that it is possible to signal the CSI-RS resource transmitted by the serving cell, it is preferable to define behavior B for a PDSCH demodulated by DMRS irrespective of the DCI format used to schedule the PDSCH in TM10. So we propose that behavior B be supported in TM10 for a PDSCH scheduled by DCI format 1A or 2D.
Proposal 2: Quasi co-location behavior B applies to a PDSCH scheduled by DCI format 1A in TM10:

· The UE may assume quasi co-location between the DMRS and a semi-statically signaled CSI-RS resource index wrt {delay spread, Doppler spread, Doppler shift, average delay} if the PDSCH is demodulated by DMRS.

4 Conclusions

This contribution discusses multiple options for the fallback transmission scheme with DCI format 1A in TM10, as well as the quasi co-location assumption for a PDSCH scheduled by DCI format 1A in TM10. The following is proposed:
Proposal 1: The transmission scheme for a PDSCH scheduled by DCI format 1A in TM10 is:

· In common search space: TxD and antenna port 0

· In UE-specific search space in normal subframe: antenna port 7

· In UE-specific search space in MBSFN subframe: antenna port 7

Proposal 2: Quasi co-location behavior B applies to a PDSCH scheduled by DCI format 1A in TM10:

· The UE may assume quasi co-location between the DMRS and a semi-statically signaled CSI-RS resource index wrt {delay spread, Doppler spread, Doppler shift, average delay} if the PDSCH is demodulated by DMRS.
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