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1 Introduction 
In RAN1 #70bis meeting, DL control signaling regarding PDSCH rate-matching/RE mapping and CSI-RS/DMRS quasi co-location assumption was discussed [1]. In this document, we discuss PDSCH RE mapping and quasi-co-location behaviors and associated control signaling in relation to dynamic indication of ZP CSI-RS resources, IMRs, and fall back support in TM 10. 
2 Discussion
2.1 PDSCH RE mapping in relation to dynamic ZP CSI-RS resources and IMRs  
In the last RAN1 #70bis meeting, dynamic signaling of ZP CSI-RS, using joint signaling of RRC and DCI, was agreed for CoMP UEs. But, it was not clearly concluded whether or not PDSCH RE mapping should be rate matched around all the IMRs configured for the UE. 

It is worthwhile to note that both NZP CSI-RS and ZP CSI-RS resource configurations are TP-specific while IMRs are rather associated with UE’s configured CSI processes. Hence an IMR is rather associated with a transmission hypothesis. For example, in the case of DPS without blanking, different IMRs need to be associated with different TPs within the CoMP cluster and those IMRs should be assigned orthogonal resources to properly reflect the CoMP hypothesis. However, in the case of DPS with blanking, an IMR can be associated with a transmitting TP and (a) blanking TP(s). Hence, in contrast to NZP and ZP CSI RS resources, IMRs are decided transmission-hypothesis specifically and thus this property of IMR should be kept untouched regardless of the dynamicity of CoMP transmission.
If PDSCH for a UE is always rate-matched around all the IMRs configured for the UE, it can limit applicable CoMP schemes for the UE. Figure 1 illustrates this point, where a CoMP UE (denoted UE A) is configured with 4 CSI processes and 3 IMRs for DPS and DPB. If UE A receives PDSCH transmitted only by TPA, one IMR among the three IMRs configured for UE A, the one marked by a yellow box, should not be muted by TPA. Otherwise the transmission hypothesis for UE B (Non-CoMP UE) is not properly reflected on the UE B’s IMR. Similarly, when TPB transmits to UE A, the UE A’s IMR, marked by a green box, should not be muted by TPB.
As discussed above, in the case of dynamic indication of ZP CSI-RS configuration, only the dynamically indicated ZP CSI-RS resources should be taken into account for PDSCH rate-matching and the UE’s IMRs should not be considered for the PDSCH rate matching. 
Proposal 1: For a CoMP UE, under the dynamic indication of ZP CSI RS configuration, the UE shall derive PDSCH rate matching/RE mapping based on the DCI indicated NZP and ZP CSI-RS configurations and shall not consider the UE’s IMR configurations for the PDSCH rate matching/RE mapping.
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Figure 1:  Example of CSI-RS and IMR configurations (Note: the boxes with different colors represent different resources).
2.2 PDSCH RE mapping and quasi-co-location assumption
A strict fallback operation requires alignment of both PDSCH RE mapping and quasi-co-location behavior between different TMs. In RAN1 #70bis meeting, it was agreed that TM 1 to 9 support quasi-col-location Behavior A (CRS, CSI-RS and PDSCH DMRS are quasi co-located). Hence, for the support of the strict fallback operation in CoMP Scenario 4, an NZP CSI-RS resource needs to use the same SFN type transmission as CRS and needs to be assigned for fallback PDSCH in TM 10 (also for both fallback and non-fallback PDSCH in case of TM 1-9) to ensure aligned quasi-co-location behavior between different TMs.  However, in CoMP Scenario 4, this approach requires for a UE in TM 10 to monitor an additional CSI-RS resource in addition to the CoMP measurement set. To avoid an extra UE complexity it seems reasonable to align only PDSCH RE mapping behavior for fallback. 
According to the agreement in RAN1 #70bis, for a CoMP UE, under the dynamic indication of ZP CSI-RS configuration, the default configuration for ZP CSI-RS configurations, if specified by RAN2, corresponds to the ZP CSI-RS configuration which the UE assumes for PDSCH rate-matching/RE mapping when scheduled by the fallback DCI Format 1A. This assumes the presence of signaling of a ZP CSI-RS configuration for the fallback operation although it was not explicitly stated in the agreement.
Proposal 2: For a CoMP UE, an NZP CSI-RS resource index and a ZP CSI-RS configuration are configured by RRC signaling and are used for rate-matching/RE mapping of PDSCH scheduled by the fallback DCI format 1A. 
For non-CoMP UEs, there is no need for the dynamic PDSCH RE mapping and quasi-co-location indication (PQI), and thus for reduced overhead it is beneficial not to include PQI in DCI format 2D, and then it is sufficient that the UE is informed of an NZP CSI-RS configuration and a ZP CSI-RS configuration as in Rel-10, for the purpose of PDSCH rate matching and quasi-co-location assumption;  the UE shall assume the configured NZP CSI-RS is quasi-co-located with DMRS, and the NZP and ZP CSI-RS resources corresponding to the configured NZP and ZP configurations are rate-matched around.
Proposal 3: For a non-CoMP UE, the PQI field is not included in DCI format 2D, and an NZP CSI-RS resource and a ZP CSI-RS configuration are configured by RRC signaling and are used as rate-matching and CSI-RS/DMRS quasi-co-location information for PDSCH scheduled by DCI format 2D.
To support fallback operation for TM 10, PDSCH scheduled by the fallback DCI Format 1A should be aligned with the other TMs in terms of at least PDSCH RE mapping behavior. Further, it was agreed in RAN1 #70bis that quasi-co-location Behavior A (CRS, CSI-RS and PDSCH DMRS are quasi co-located) applies for TM 1 to 9. Combining this agreement with consideration for CoMP Scenario 4, where multi TPs can take part in CRS transmission in an SFN fashion while usually one TP takes part in CSI-RS transmission related to one CSI-RS resource in non-fallback operations, it is beneficial that two separate ZP CSI RS configurations are configurable, at least for CoMP Scenario 4, and are used for non-fallback and fallback operations, respectively. Hence the following is proposed.

Proposal 4: For a non-CoMP UE,  if an additional ZP CSI-RS configuration is configured by RRC signaling, the NZP CSI-RS resource configured for DCI format 2D and the additionally configured ZP CSI-RS configuration are used for rate-matching/RE mapping of PDSCH scheduled by the fallback DCI format 1A, and if an additional ZP CSI-RS configuration is not configured, the NZP and ZP CSI-RS configurations for DCI format 2D are used for rate-matching/RE mapping of PDSCH scheduled by the fallback DCI format 1A.

2.3 Support of fallback in TM 10
In TM 10, the fallback can be supported by both CRS-based PDSCH and DM-RS based PDSCH scheduled by the DCI Format 1A. However, in terms of resource utilization, the support of the fallback using DMRS based PDSCH is not desirable in CoMP Scenario 4 because of SFN type transmission accompanying large resource consumption. The benefit of compact scheduling using DCI Format 1A is also offset by this large resource consumption. 
Thus, if PDSCH is scheduled in MBSFN subframes by DCI Format 1A, where PDSCH is demodulated by DMRS, it is proposed that the fallback support be configurable. That is, for CoMP Scenario 4, the PDSCH rate-matching and quasi-co-location assumption is based on the NZP and ZP CSI-RS configurations configured for PDSCH scheduled by the DCI Format 2D, which are different from NZP and ZP CSI-RS configurations for the fallback. For CoMP Scenario 3, the fallback operation is supported by configuring the same NZP and ZP CSI-RS configurations for both the fallback and non-fallback operations. 
Proposal 5: For a non-CoMP UE, the same NZP and ZP CSI-RS configurations configured for DCI Format 2D are used as the rate-matching/RE mapping and CSI-RS/DMRS quasi-co-location information for PDSCH scheduled in MBSFN subframes by DCI format 1A.
Proposal 6: For a CoMP UE, an NZP CSI-RS resource index and a ZP CSI-RS configuration are configured by RRC signaling, and are used as the rate-matching/RE mapping and CSI-RS/DMRS quasi-co-location information for PDSCH scheduled in MBSFN subframes by DCI format 1A.

It is further proposed that the fallback operation be supported if PDSCH is scheduled in non-MBSFN subframes by the DCI format 1A, where PDSCH transmission is CRS-based. Thus, the NZP CSI-RS configuration and the ZP CSI-RS configuration configured for the fallback DCI format 1A are used as PDSCH rate-matching/RE mapping and quasi-col-location information.
Proposal 7: The NZP and ZP CSI-RS configurations for the fallback DCI Format 1A are used for the rate matching/RE mapping of PDSCH scheduled in non-MBSFN subframes by DCI format 1A.
3 Conclusions

Proposal 1: For a CoMP UE, under the dynamic indication of ZP CSI RS configuration, the UE shall derive PDSCH rate matching/RE mapping based on the DCI indicated NZP and ZP CSI-RS configurations and shall not consider the UE’s IMR configurations for the PDSCH rate matching/RE mapping.

Proposal 2: For a CoMP UE, an NZP CSI-RS resource index and a ZP CSI-RS configuration are configured by RRC signaling, and are used for rate-matching/RE mapping of PDSCH scheduled by the fallback DCI format 1A.
Proposal 3: For a non-CoMP UE, the PQI field is not included in DCI format 2D, and an NZP CSI-RS resource  and a ZP CSI-RS configuration are configured by RRC signaling and are used as rate-matching and CSI-RS/DMRS quasi-co-location information for PDSCH scheduled by DCI format 2D.
Proposal 4: For a non-CoMP UE,  if an additional ZP CSI-RS configuration is configured by RRC signaling, the NZP CSI-RS resource configured for DCI format 2D and the additionally configured ZP CSI-RS configuration are used for rate-matching/RE mapping of PDSCH scheduled by the fallback DCI format 1A, and if an additional ZP CSI-RS configuration is not configured, the NZP and ZP CSI-RS configurations for DCI format 2D are used for rate-matching/RE mapping of PDSCH scheduled by the fallback DCI format 1A.

Proposal 5: For a non-CoMP UE, the same NZP and ZP CSI-RS configurations configured for DCI Format 2D are used as the rate-matching/RE mapping and CSI-RS/DMRS quasi-co-location information for PDSCH scheduled in MBSFN subframes by DCI format 1A.

Proposal 6: For a CoMP UE, an NZP CSI-RS resource index and a ZP CSI-RS configuration are configured by RRC signaling, and are used as the rate-matching/RE mapping and CSI-RS/DMRS quasi-co-location information for PDSCH scheduled in MBSFN subframes by DCI format 1A.

Proposal 7: The NZP and ZP CSI-RS configurations for the fallback DCI Format 1A are used for the rate matching/RE mapping of PDSCH scheduled in non-MBSFN subframes by DCI format 1A.
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