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1. Introduction
In RAN1#90, a few decisions were made regarding the rate matching. For PDSCH rate matching around CORESETs, the followings have been agreed:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 
· FFS: exact configuration of a resource set including granularity.
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded

For the rate matching around SS blocks, the followings have been agreed:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks

[bookmark: _GoBack]This contribution discusses the remaining rate matching issues. 
2. Discussions
As a baseline, PDSCH/PUSCH resource allocation (RA) field is likely to indicate rectangular regions similarly to the LTE RA, and other channels/signals (including reserved resources) overlapping with the allocated PDSCH/PUSCH may be indicated to be rate matched around. 
Following LTE principles, PDSCH/PUSCH transmissions to a UE need to be rate matched relative to preconfigured channels/signals transmissions to the UE. These channels/signals include:
· DL/UL DMRS and PTRS provided for facilitating channel estimation for the current PDSCH/PUSCH
· CSI-RS indicated to be used for channel/interference measurement
· Activated (or actually transmitted) SS blocks 
· CORESET(s) carrying the PDCCH for the UE
· SRS
· PUCCH (particularly ‘short’ PUCCH)
Proposal 1: PDSCH/PUSCH transmissions to a UE are rate-matched in resources used for transmissions to/from the UE of DL/UL DMRS, PTRS, PDCCH, PUCCH, SRS, and activated SS blocks. 

There are also those resources that cannot be used for PDSCH/PUSCH transmissions to/from a UE and are not used for transmissions to/from the UE of other channels/signals. These resources include: 
· Reserved resources for forward compatibility or LTE-NR coexistence; 
· RS transmissions to/from other UEs; 
· CORESET(s) that do not carry PDCCHs for the UE but may or may not carry PDCCHs for other UEs;
· PUCCH resources (particularly for ‘short’ PUCCH) or SRS resources, particularly for dynamic transmissions, that may or may not be used by other UEs
· SS blocks in non-anchor BWPs

It is necessary to indicate these resources to a scheduled UE. One way is to semi-statically indicate these resources. This approach may be OK for some of those channels/signals that occur periodically, such as SS blocks in non-anchor BWPs, periodic CSI-RS, SRS, PUCCH for CSI, etc. 
For the use case of LTE-NR co-existence, it was proposed to introduce a bitmap signaling to rate match around the LTE CRS REs. However, bitmap signaling does not seem to be necessary as the rate matching around LTE CRS can be supported by ZP-CSI-RS configuration, because the one-port CSI-RS pattern adopted for BM in RAN1-NR-AH#2 can represent LTE CRS RE mapping pattern.  

Proposal 2: Support semi-static indication of resources for rate matching of PDSCH/PUSCH transmissions, including resources for periodic CSI-RS, SRS, PUCCH and for activated SS blocks.
· Note: LTE CRS indication for the rate matching purpose can be fulfilled by NR ZP-CSIRS. 

In general, however, some signals/channels can be semi-statically indicated to potentially occupy respective resources but the actual use of the configured resources for transmissions of such signals/channels is dynamically determined. These resources include CORESETs, aperiodic CSI-RS, reserved resources, etc. If a UE has to always rate match around these resources regardless of their actual usage, large inefficiencies can be introduced in the network throughput. Dynamic signalling can be considered to inform UEs which of these semi-statically configured resources to rate match around. The benefits of semi-persistent signaling is not very clear, as dynamic signaling is always applicable in those places in which the semi-persistent signaling is applicable. 
Regarding rate matching around CORESETs, relevant discussions are happening in the control session (e.g., [1]), and the semi-static configuration and dynamic indication of these resources via group-common PDCCH or UE-specific PDCCH are being considered. Regarding rate matching around aperiodic CSI-RS, a baseline approach could be the LTE eFDMIMO aperiodic CSI-RS indication which also involves semi-static configuration and dynamic indication. Reserved resources can be handled in a similar manner as is further discussed in [2]. 
The signalling overhead is an important consideration as a number of semi-statically configured rate-matching resources can be large. One approach is to indicate all possible combinations of different resources (e.g., via joint or separate bitmaps); this approach provides full flexibility to a network and can be prioritized. One potential drawback for indicating each possible resource for rate matching is the signalling overhead and a bitmap can become potentially too large to include in a UE-specific DCI. This dynamic signaling overhead issue can be resolved if a group common DCI is used particularly since the rate matching information can be common to UEs. A special group common DCI can be introduced for this purpose [3] and such a DCI has already been agreed for pre-emption indication which is fundamentally similar (although not exactly same) to rate matching. Other benefits for using a group common DCI over a UE-specific DCI include the multi-slot scheduling case. When UE is scheduled across multiple slots, the UE may not be able to get sufficient rate matching information in the multi-slot scheduling DCI for the later slots, both because of a linearly increasing DCI payload and because, unless scheduler restrictions are imposed, the scheduling decision for the later slot will be made in the later slot. If only UE-specific DCI indicates the rate matching information, the UE will have to assume the worst case for the later slots or assume same information for all slots (scheduler restrictions) which introduces inefficiency. 

Proposal 3: Support dynamic indication of semi-statically configured resources for PDSCH/PUSCH transmissions to rate match around. 
· These resources include CORESETs, aperiodic CSI-RS, reserved resources, etc. 
· For the dynamic indication, UE-group common signaling is used.
· FFS exact methods of the dynamic signalling
· Note: CORESET rate matching details are being discussed in the control session. 
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3. Conclusions
The proposals and observations of this contribution are re-collected below:
Proposal 1: PDSCH/PUSCH transmissions to a UE are rate-matched in resources used for transmissions to/from the UE of DL/UL DMRS, PTRS, PDCCH, PUCCH, SRS, and activated SS blocks. 
Proposal 2: Support semi-static indication of resources for rate matching of PDSCH/PUSCH transmissions, including resources for periodic CSI-RS, SRS, PUCCH and for activated SS blocks.
· Note: LTE CRS indication for the rate matching purpose can be fulfilled by NR ZP-CSIRS. 
Proposal 3: Support dynamic indication of semi-statically configured resources for PDSCH/PUSCH transmissions to rate match around. 
· These resources include CORESETs, aperiodic CSI-RS, reserved resources, etc. 
· For the dynamic indication, UE-group common signaling is used.
· FFS exact methods of the dynamic signalling
· Note: CORESET rate matching details are being discussed in the control session. 
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