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1. Introduction
After RAN1#71 meeting, RAN1 has reached the following agreements from the email discussion on PQI behaviour with DCI format 1A [71-19]:

	Agreements:

In TM10 (for C-RNTI and SPS C-RNTI), when PDSCH is triggered by DCI Format 1A:

· CRS based PDSCH, regardless of Behaviour A or B: follow the serving cell’s CRS configuration for RE mapping. The ZP CSI-RS configuration that the UE assumes for rate matching follows the lowest indexed ZP CSI-RS configuration.

· DCI format 1A received in PDCCH: PDSCH starting OFDM symbol follows CFI

· DCI format 1A received in EPDCCH: PDSCH starting OFDM symbol follows the EPDCCH starting symbol associated with the EPDCCH set where DCI format 1A was received

· DMRS based PDSCH, Behaviour B:  follow the first-indexed PQI state of DCI format 2D configuration in all aspects

· DMRS based PDSCH, Behaviour A:  follow the first-indexed PQI state of DCI format 2D configuration in all aspects except ignoring the QCL part




During the email discussion [71-19], there was an additional issue raised by some companies regarding whether RAN1 needs to further specify anything for the case when the MBSFN configuration of the first indexed PQI does not align with that signaled in SystemInformationBlockType2 of the serving cell. This additional issue has been left FFS until RAN1#72 suggested by the chairman due to the lack of discussion time, which we discuss in this contribution.

2. Discussion for the case of QCL type B
An example to represent the above raised issue is the situation that the serving cell configuration is MBSFN, while the 1st PQI state indicates non-MBSFN in the same subframe. In this case, there can be two options as follows:

· Option 1: The UE assumes DMRS-based PDSCH rate-matched around the CRS associated with the 1st PQI state. (No spec change)
· Option 2: This is treated as an error case. (Description is needed in the spec)
As commented by another company during the email discussion, there seems to be no concern about the similar situation when the PDSCH is scheduled by DCI format 2D, i.e., SIB2-indicated serving-cell MBSFN configuration can be different from the PQI-indicated MBSFN configuration, and RAN1 has decided not to have any restrictions/relation for those MBSFN configurations to each other. This MBSFN configuration per PQI state is totally up to the network implementation.

At the UE side, a Rel-11 UE could just support DMRS-based PDSCH rate-matched around CRS indicated by the PQI, even if the PDSCH is scheduled by DCI format 2D in an MBSFN subframe of the serving cell and if PQI indicates a non-MBSFN subframe. It is because in most cases the network may be intentionally configure the different MBSFN configuration in the PQI (according to non-serving cell’s information) when this non-serving TP is intended to transmit the PDSCH in the future as a CoMP operation. In other words, the different MBSFN configuration per PQI means that this PDSCH-transmitting TP would not be the serving-TP in general, so that the UE does not have to worry about the potential misconfiguration by the network, and the network has the responsibility to configure the PQI reflecting the intended CoMP operation. In addition for DCI 1A case, as long as it is clear that the UE determines the demodulation RS type from the SIB2-indicated MBSFN configuration, there would also be no problem in UE behavior to support only Option 1 above.
It should be noted that all the discussion/observation above regarding MBSFN configuration mismatch is when the UE is configured with QCL type B (applied not only for DCI 1A case, but also for DCI 2D case as well), i.e., for QCL type B there is no problem in UE behavior to always follow the PQI-indicated MBSFN configuration for CRS rate matching.
Observation 1:  There is no problem in UE behavior to always follow the PQI-indicated MBSFN configuration for CRS rate matching, when the UE is configured with QCL type B (regardless whether scheduled by DCI format 1A or 2D).

One thing rather needed to be clarified is about CSIRS-to-CRS QCL signaling. RAN1 needs to further clarify on the QCLed-CRS information (i.e., qcl-CRS-Info-r11) given per CSI-RS configuration that

· What if the QCLed CRS cell-ID (i.e., qcl-ScramblingIdentity-r11) is equal to the serving-cell’s physical cell-ID (PCI) whereas at the same time the QCLed MBSFN subframe configuration (i.e., mbsfn-SubframeConfig-r11) is different from SIB2-indicated MBSFN subframe configuration. 
This mismatch between QCLed MBSFN configuration per CSI-RS resource and SIB2-indicated MBSFN configuration can happen, when the serving-cell reconfigures its SIB2 information including cell-specific MBSFN configuration, but the corresponding CSI-RS configuration with such qcl-CRS-Info-r11 is not yet accordingly re-configured (since those two reconfigurations are independently conducted in terms of RAN2 signaling perspective).
To simply resolve this issue, an additional UE assumption can be captured as

· A UE in TM10 configured with QCL type B shall follow the SIB-2 indicated MBSFN subframe configuration by overriding the RRC information given by ‘mbsfn-SubframeConfig-r11’ for a CSI-RS configuration if the CSI-RS configuration includes ‘qcl-CRS-Info-r11’ and the corresponding ‘qcl-ScramblingIdentity-r11’ is equal to NIDcell.
Proposal 1:  When a UE is configured with QCL type B in TM10, the potential mismatch between QCLed MBSFN configuration per CSI-RS resource (indicating the QCLed CRS cell-ID equal to the serving-cell PCI) and SIB2-indicated MBSFN configuration should be resolved. One simple solution can be in this case, the UE shall always follow SIB2-indicated MBSFN configuration for the CSIRS-to-CRS QCL assumption.
3. Discussion for the case of QCL type A
When a Rel-11 UE is configured with QCL type A, the raised issue about MBSFN configuration mismatch is to be considered.  QCL type A means the UE may assume the PDSCH DMRS (scheduled by DCI 1A or 2D) is QCLed to the configured CSI-RS antenna ports as well as the serving-cell’s CRS ports, i.e., QCL type A means the PDSCH-transmitting TP would be always the same as the serving-TP broadcasting the CRS.  Based on this, if we think of the situation that the current subframe is non-MBSFN indicated by SIB2 but is MBSFN indicated by PQI at the same time, this causes following unexpected eNB/UE behaviors, in that this PDSCH-transmitting TP is the serving-cell (because of QCL type A) while the UE would not rate-match around the serving-cell’s non-MBSFN CRS REs (since PQI indicates “MBSFN”):
(1) The serving-eNB should transmit CRS on the data region (since this subframe in non-MBSFN indicated by SIB2), and at the same time, on those CRS REs in the data region PDSCH should also be transmitted by the same serving-eNB (since PQI indicates “MBSFN”). This means, on the same CRS REs, the eNB should transmit both CRS and PDSCH colliding each other, which will cause significant interferences on both CRS and PDSCH and has never been discussed before.
(2) A UE could expect this eNB transmission (transmitting both CRS and PDSCH collided to each other on the same CRS REs in the data region) when the QCL-type-A-configured UE recognizes that the current subframe is non-MBSFN indicated by SIB2 and MBSFN indicated by PQI.  Then, the UE should have the capability that it reliably decodes serving-cell CRS as well as the scheduled PDSCH on the same REs.
(3) Legacy UEs would have serious performance impacts for demodulating the serving-cell CRS REs in the data region, which has not been studied and discussed.
To simply resolve the identified issues for the case of QCL type A and not to cause any unexpected eNB/UE behaviors, an additional UE assumption can be captured as
· A UE in TM10 configured with QCL type A is not expected to receive a PDSCH scheduled by DCI on the subframe where PQI-indicated subframe type is different from SIB2-indicated subframe type.
Or, more simply, RAN1 spec could simply capture that 
· A UE in TM10 configured with QCL type A should always rate-match at least around serving-cell CRS REs indicated by MBSFN configuration from SIB2 of serving-cell, and if there is PQI indication for different rate matching pattern the UE additionally apply this PQI-indicated rate matching. 
In other words, for QCL type A, the rate matching around serving-cell CRS is always applied as a default (since the PDSCH-transmitting TP is the serving-cell because of QCL type A), and on top of this, the PQI-indicated CRS rate matching is also applied.
4. Conclusion
In this contribution, we discussed the remaining FFS issue on MBSFN subframe configuration mismatch in PQI behaviour. The following observation and proposal were given based on the discussion:
Observation 1:  There is no problem in UE behavior to always follow the PQI-indicated MBSFN configuration for CRS rate matching, when the UE is configured with QCL type B (regardless whether scheduled by DCI format 1A or 2D).

Proposal 1:  When a UE is configured with QCL type B in TM10, the potential mismatch between QCLed MBSFN configuration per CSI-RS resource (indicating the QCLed CRS cell-ID equal to the serving-cell PCI) and SIB2-indicated MBSFN configuration should be resolved. One simple solution can be in this case, the UE shall always follow SIB2-indicated MBSFN configuration for the CSIRS-to-CRS QCL assumption.
Proposal 2:  When a UE is configured with QCL type A in TM10, the MBSFN configuration mismatch issue should be resolved, by either capturing the UE is not expected to be scheduled when there is the MBSFN configuration mismatch between indications from SIB2 and PQI, or having a default CRS rate matching around the serving-cell’s CRS for QCL type A.
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