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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The following agreements in NR are relevant to rate-matching:
Agreements related to forward compatibility
Agreements: (RAN1#86bis)
· Explicit signaling to NR UEs can indicate reserved resources
· The details on signaling information and transmission are FFS 
· e.g. granularity for blank resource indication
· e.g. RRC signaling and/or L1 signaling (including DL control information)
· e.g. broadcast and/or unicast signaling
· e.g., whether this signaling is applicable to UE UL operation and/or DL operation and/or sidelink operation
· FFS: combination of above signaling
· FFS: time and frequency granularity

Agreements: (RAN1#87)
· At least some reserved resources are indicated by using at least RRC signaling

Agreements related to resource sharing between PDCCH and PDSCH: 
Agreements:
· 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.
Agreements:
· [bookmark: _Hlk495011654]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
Agreements:
· 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

Agreements related MIMO rate-matching resource (RMR): 
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
· SRS
· UL PTRS
· Impact due to CLI if any
· Note: PUSCH rate matching for UL control channel, reserved resource are out of MIMO scope

[bookmark: _Hlk494468511]Agreement:
RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.

2	On connection between Resource sets, RMRs and Reserved resources
Given the company views and existing agreements, 4 types of resource sets, for which UE shall assume that the scheduled PDSCH/PUSCH is rate-matched around, were identified. These resource set(s) were previously also referred to as RMRs or reserved resources.
· FFS TYPE1: rate-matching resource (RMR) for NR RS
· [bookmark: _Hlk494879789][bookmark: _Hlk495342888]TYPE2: Resource sets corresponding to mainly CORESETs and also other resource
· TYPE3: Reserved resource for backward and forward compatibility 
· FFS TYPE4: SSB, RMSI


Conclusion: Following types of resource sets(s) for which UE shall assume that the scheduled PDSCH/PUSCH is rate-matched around are:
· [FFS] TYPE1: rate-matching resource (RMR) for NR RS
· TYPE2: Resource sets corresponding to mainly CORESETs and also other resource
· TYPE3: Reserved resource for forward and backward compatibility 
· FFS TYPE4: SSB, PDSCH carrying RMSI
.

At least for TYPE3 resource sets, existing agreement on resource sets can be extended to PUSCH

Proposal-1: update the existing agreements accordingly: 
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH and/or PUSCH is rate-matched around the resource set(s) when the scheduled PDSCH and/or PUSCH overlaps 
· FFS: exact configuration of a resource set including granularity.
· Applies at least to TYPE3 resource set(s)

Connection of resource sets to other signals and channels 
The above updated proposal solves the interaction of resource sets with PDSCH and PUSCH, however it is for further study what is the interaction of a resource set with other NR signals and channels. 

Clarification on slot-based PDSCH DMRS
When slot based PDSCH is transmitted before(in time) DL DMRS, the DL DMRS are still transmitted in the fixed position.

Next sections will discuss: (i) how to configure a resource set, (ii) which already configured resource can be configured to become a resource set, and (iii) which of those resource sets can be a resource set for which the PDSCH/PUSCH may or may not be mapped based on the L1 signaling.
2	TYPE-1 (Rate-matching around NR RS)
So far, very limited progress on rate-matching has been achieved in MIMO AI. Based on company’s views, at least following RS has been identified as RMR for PDSCH
· CSI-RS (agreed)
· TRS (potential)
· DL DMRS (potential)
· DL PTRS (potential)

Similarly, at least following RS has been identified as RMR for PUSCH
· SRS (potential)
· UL DMRS (potential)
· UL PTRS (potential)

Continue discussion on which NR RS can be considered as a resource sets (if any), i.e. being rate-matched by default, or can be identified/configured as a resource set. Out of above RS, companies identified the following NR RS that require L1-based rate-matching. Note that this type of resource should support RE-level granularity for resource configuration.

Note that the following proposals are using “RMR” wording instead of “type-1 resource sets” for now!

Proposal-2: Aperiodic CSI-RS can be configured as RMR for PDSCH at least. These RMR(s) can be identified as RMR(s) for which the PDSCH may or may not be mapped based on the L1 signalling.

According to the summary on RMR in previous meeting [R1-1716773] and agreement to support UL RMR for PUSCH in MIMO AI, at least SRS can be supported as target RSs to be protected by UL RMR.

Proposal-3: Aperiodic SRS can be configured as RMR for PUSCH. These RMR(s) can be identified as RMR(s) for which the PUSCH may or may not be mapped based on the L1 signalling.

In addition, DMRS has been identified as RMR that requires L1 signaling, however it has been proposed by many companies that the rate-matching around DMRS should be an independent signaling mechanism and should not have any connection to L1 signaling in Proposal-1.

In addition to the TYPE-1 RMR associated with L1 signaling, periodic and semi-persistent RMR which may or may not be associated with L1 signaling are also being discussed as DL/UL RMR in MIMO AI as well, at least for protecting periodic and semi-persistent CSI-RS which are already agreed in NR.

Proposal-4: Periodic and semi-persistent RMR are also supported in NR for DL RMR and UL RMR.

3	TYPE-2 Resource sets (control resource reuse)
It seems to be the majority view that CORESET(s) that are configured to UE for monitoring can be also configured to become RMR(s). Note, the CORESET configured to a UE for monitoring, is not automatically a resource set. 
Proposal-5: A CORESET configured to a UE for monitoring can be configured to become a type-2 resource set. This resource set can be identified as resource sets(s) for which the PDSCH may or may not be mapped based on the L1 signalling.
It also seems to be majority view that
· parts of own CORESET(s) and other UE’s CORESET(s)
· resource corresponding to multiple CORESET(s)
· other resource
can form a single resource set. Resource sets(s) can be configured as block-like structures using two bitmaps, the first bitmap with 1-RB or 6-RB level granularity and the second bitmap, corresponding to symbols of a slot, to which the first bitmap applies. One company introduced alternative way of RB level configuration, where the time-frequency region of the BWP is partitioned into smaller units, or a set of bitmaps is defined for each resource set.  
Proposal-6: For PDSCH, UE can be configured with one or multiple type-2 resource set(s) configured by a first bitmap of [RB or 6-RB] granularity and a second bitmap of OFDM symbols in the slot for which the first bitmap applies. These resource set(s) can be identified as resource sets(s) for which the PDSCH may or may not be mapped based on the L1 signalling.
· FFS whether this resource is present in every slot or not
· FFS PUSCH, including rate-matching around SRS

[bookmark: _Hlk495076286]More offline discussion and study is needed for rate-matching of PUSCH around PUCCH and SRS. Whether supported and with what granularity. 

4	TYPE-3 Resource Sets (forward/backward compatible resources)
Connection to SFI

These types of resource have been referred to also as “reserved resource” in the past. A reserved resource in NR is “not transmit and not receive” and cannot be overridden by L1 signalling. However, if use case(s) are identified this type of resource could be identified by L1 signaling. And resource could be treated as “unknown”.

Configuration

Furthermore, it seems that majority of companies agree that for “future compatible reserved resource”, the granularity of configuration should be PRB and symbol level. One company introduced alternative way of RB level configuration, where the time-frequency region of the BWP is partitioned into smaller units, or a set of bitmaps is defined for each resource set. One company suggested that an additional third bitmap of size 12bits could be configured to achieve RE level. One company suggested to configured full RE bitmap corresponding to a slot. Therefore, following proposal could be agreed 

Proposal-7: UE can be configured with one or multiple type-3 resource sets configured by a first bitmap of RB granularity and a second bitmap of OFDM symbols in the slot for which the first bitmap apply. 
· FFS whether the configured resource set is present in every slot, is periodic or semi-persistent
· FFS whether the configured resource set can be identified as resource sets for which the PDSCH/PUSCH may or may not be mapped based on the L1 signalling
· FFS introducing a third bitmap (12bits) determining a RE-pattern in a RB-symbol block, repeated within the RB-symbol blocks identified by the first and the second bitmap 
· FFS whether the resource set configuration is applied to all slots or not
· FFS resource set applies only to single numerology or applies to multiple numerologies

Furthermore, it seems to be a majority view that LTE RS and other signals could be rate-matched by NR UE  

Proposal-8: An NR UE operating in spectrum shared by LTE can be semi-statically configured by RRC signaling with type-3 resource sets specifically matching, on an RE-level, specific semi-static LTE downlink and uplink physical signals. 
· A PDSCH or PUSCH shall be rate matched around these resource sets. 
· FFS the set of LTE signals
· These resource sets cannot be identified as resource set(s) for which the PDSCH/PUSCH may or may not be mapped based on the L1 signalling


5	On details of L1 signalling
Issue 1
There is diverse view on whether L1 signaling should be included in GC-PDCCH and/or in scheduling DCI. Three options were discussed in the contributions
Observation-1: The L1 signaling indicating resource sets(s) for which the PDSCH/PUSCH may or may not be mapped is part of
· scheduling DCI
· GC-PDCCH
· GC-PDCCH or scheduling DCI (configurable)
· FFS signaling details
Issue 2
With respect to L1 details, the following schemes has been identified, offline discussion could further clarify/unify some options and/or down-select options
· Option 1: 1 bit turns a single resource set on and of, one bit is signalled per each resource set
· Option 2: 1 bit turns all resource sets overlapping with PUSCH/PDSCH on and off
· Option 3: N bits turns a subset of resource sets on and off, 
· FFS: N
· FFS: one resource set can be only in one subset or multiple subsets
· FFS: handling of resources sets outside of the PUSCH/PDSCH allocation
· Option 4: 1 table-entry corresponding to a subset of resource sets turns the subset of resource sets on and off 

Issue 3
Further discussion is needed whether signaling is designed as PDSCH/PUSCH mapped or not, or PDSCH/PUSCH rate-matched or not.
For Options 1 and 3, behavior for overlapping resource sets, that are indicated inconsistently, need to be further discussed:
Observation-2: For at least L1 signaling Options 1 and 3, when two overlapping resource sets are indicated separately and the indication is inconsistent, e.g. one being rate-matched (1) and the other not rate-matched (0), the overlapping part could be treated as logical [OR/AND].

6	Conclusions

Conclusion: Following types of resource sets(s) for which UE shall assume that the scheduled PDSCH/PUSCH is rate-matched around are:
· [FFS] TYPE1: rate-matching resource (RMR) for NR RS
· TYPE2: Resource sets corresponding to mainly CORESETs and also other resource
· TYPE3: Reserved resource for forward and backward compatibility 
· FFS TYPE4: SSB, PDSCH carrying RMSI
Proposal-1: update the existing agreements accordingly: 
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH and/or PUSCH is rate-matched around the resource set(s) when the scheduled PDSCH and/or PUSCH overlaps 
· FFS: exact configuration of a resource set including granularity.
· Applies at least to TYPE3 resource set(s)

Proposal-2: Aperiodic CSI-RS can be configured as RMR for PDSCH at least. These RMR(s) can be identified as RMR(s) for which the PDSCH may or may not be mapped based on the L1 signalling.

Proposal-3: Aperiodic SRS can be configured as RMR for PUSCH. These RMR(s) can be identified as RMR(s) for which the PUSCH may or may not be mapped based on the L1 signalling.

Proposal-4: Periodic and semi-persistent RMR are also supported in NR for DL RMR and UL RMR.

Proposal-5: A CORESET configured to a UE for monitoring can be configured to become a type-2 resource set. This resource set can be identified as resource sets(s) for which the PDSCH may or may not be mapped based on the L1 signalling.

Proposal-6: For PDSCH, UE can be configured with one or multiple type-2 resource set(s) configured by a first bitmap of [RB or 6-RB] granularity and a second bitmap of OFDM symbols in the slot for which the first bitmap applies. These resource set(s) can be identified as resource sets(s) for which the PDSCH may or may not be mapped based on the L1 signalling.
· FFS whether this resource is present in every slot or not
· FFS PUSCH, including rate-matching around SRS

Proposal-7: UE can be configured with one or multiple type-3 resource sets configured by a first bitmap of RB granularity and a second bitmap of OFDM symbols in the slot for which the first bitmap apply. 
· FFS whether the configured resource set is present in every slot, is periodic or semi-persistent
· FFS whether the configured resource set can be identified as resource sets for which the PDSCH/PUSCH may or may not be mapped based on the L1 signalling
· FFS introducing a third bitmap (12bits) determining a RE-pattern in a RB-symbol block, repeated within the RB-symbol blocks identified by the first and the second bitmap 
· FFS whether the resource set configuration is applied to all slots or not


Proposal-8: An NR UE operating in spectrum shared by LTE can be semi-statically configured by RRC signaling with type-3 resource sets specifically matching, on an RE-level, specific semi-static LTE downlink and uplink physical signals. 
· A PDSCH or PUSCH shall be rate matched around these resource sets. 
· FFS the set of LTE signals
· These resource sets cannot be identified as resource set(s) for which the PDSCH/PUSCH may or may not be mapped based on the L1 signalling
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