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Introduction
In RAN1 #90, the following conclusion has been made for the support of PDSCH rate-matching in NR [1]:

Conclusion:
· FFS PDSCH rate matching/puncturing w.r.t. at least the following signals.
· NZP CSI-RS resource(s) for channel measurement
· DMRS for PDSCH for the UE.
· DL PTRS
· TRS
· FFS: NZP CSI-RS for interference measurement
· Impact due to CLI if any
· Note: PDSCH rate matching for DL control channel, SS block, reserved resource are out of MIMO scope
· FFS PUSCH rate matching/puncturing w.r.t. at least the following signals
· DMRS for PUSCH for the UE.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
· SRS
· UL PTRS
· Impact due to CLI if any
· Note: PUSCH rate matching for UL control channel, reserved resource are out of MIMO scope

In this contribution, we discuss on further details of PDSCH rate-matching for NR.
Discussions
A rate-matching of PDSCH REs which collide with a reference signal has been used in LTE to reduce the performance impacts due to puncturing loss of systematic bits and/or interference from the reference signal at the channel decoder. It has been observed that the PDSCH performance is significantly degraded when a UE decode PDSCH without knowledge of reference signal presence since a UE decodes the reference signal as a data. On the other hand, if a UE knows the presence of reference signal on PDSCH REs, the UE can skip decoding those REs (e.g., either puncturing or rate-matching) at the channel decoder which may reduce the performance degradation significantly.
In NR, there are lots of reference signal types which can be configured in a UE-specific manner and present on PDSCH REs including NZP-CSI-RS, PTRS, TRS, and DM-RS and a UE knows the presence of those reference signals when it is transmitted. Therefore, it seems to be straightforward to support rate-matching or puncturing of those reference signals.
Proposal-1: support puncturing or rate-matching of PDSCH REs for UE-specifically configured reference signals by default
The UE-specifically configured reference signals for PDSCH rate-matching can be categorized into two types, where the first type could be the reference signals which are configured via a higher layer signaling so that a UE knows the presence of the reference signal prior to a given slot (e.g., periodic CSI-RS, TRS) and the second type could be the reference signals which can be dynamically indicated so that a UE may not know the presence of the reference signal prior to the given slot (e.g., aperiodic CSI-RS, semi-persistent CSI-RS). The first type of the reference signal can be rate-matched around as a UE always knows the presence and configuration. On the other hand, the second type of reference signal should be punctured so that a UE may still be able to decode the PDSCH even if the UE missed the DCI which is used for aperiodic CSI-RS transmission triggering or activation/deactivation of semi-persistent CSI-RS. For example, when an uplink DCI is used for triggering of CSI-RS transmission and its associated aperiodic CSI reporting; and a downlink DCI is used for PDSCH transmission, a UE can miss the uplink DCI while successfully receive the downlink DCI. In this case, if a puncturing of PDSCH is used for the aperiodic CSI-RS, a UE may still be able to receive it although there is a performance degradation. Note that rate-matching of PDSCH changes RE locations based on the presence/absence of the reference signal so that a UE may not be able to decode if the UE missed the DCI which triggers aperiodic CSI-RS transmission. Therefore, a puncturing of PDSCH REs can be used for the RS type which is triggered dynamically while a rate-matching of PDSCH REs can be used for the RS type which is configured in a semi-static manner. 
Proposal-2: rate-matching is used for a PDSCH RE when it collides with a RS type which is configured via higher layer signaling  
Proposal-3: puncturing is used for a PDSCH RE when it collides with a RS type which is indicated dynamically via a DCI 
[bookmark: _GoBack]Other reference signal than the UE-specifically configured reference signals (e.g., CSI-RS for other UEs) can be also punctured or rate-matched around as zero-power CSI-RS. In LTE, a PQI state in the DCI for PDSCH scheduling has been used when a UE is configured for a specific transmission mode (e.g., CoMP) so that a UE can be indicated the associated CSI-RS for demodulation as well as the zero-power CSI-RS for rate-matching. Given that aperiodic CSI-RS and semi-persistent CSI-RS are supported in NR, irrespective of the transmission mode configured, a zero-power CSI-RS configuration should be indicated for a slot in which a UE needs to receive a PDSCH. Since the reference signals for PDSCH rate-matching or puncturing is the same for all UEs, it makes sense that the configuration of the zero-power reference signals is indicated in a common control channel. For example, the DCI for SFI can be used for the configuration of zero-power reference signals in the slot. Note that sending the configuration of the zero-power reference signals in each downlink DCI for PDSCH scheduling requires higher control signaling overhead than using a common DCI.
Proposal-4: a DCI in a group common PDCCH is used to indicate rate-matching and/or puncturing resources in each slot
Conclusion
In this contribution, we discussed on PDSCH rate-matching. Based on the discussions, the following was proposed:
Proposal-1: support puncturing or rate-matching of PDSCH REs for UE-specifically configured reference signals by default
Proposal-2: rate-matching is used for a PDSCH RE when it collides with a RS type which is configured via higher layer signaling  
Proposal-3: puncturing is used for a PDSCH RE when it collides with a RS type which is indicated dynamically via a DCI 
Proposal-4: a DCI in a group common PDCCH is used to indicate rate-matching and/or puncturing resources in each slot
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