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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:
· 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): 

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

2	Generalization of ResourceSet framework 
The rate-matching framework has been originally designed for resource sharing between PDSCH and PDCCH, however we think that it should be generalized to support also rate-matching of PUSCH and PDSCH around forward-compatible resources and RS.
Proposal-1: update the existing agreements accordingly: 
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s) in DL/UL
· The UE shall assume that the scheduled PDSCH/PUSCH is rate-matched around the resource set(s) when the scheduled PDSCH/PUSCH overlaps 
· FFS: exact configuration of a resource set including granularity.
Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH/PUSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH/PUSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH/PUSCH 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


3	On control resource reuse 
In the RAN1 #90 three levels of CORESET-reuse where agreed:
· Full reuse: a UE rate-matches around the DCI scheduling the PDSCH. The UL grants of the same UE and other DCIs transmitted for other UEs are punctured to the PDSCH. This operation is suitable in scenarios where a single UE is scheduled in the cell or in scenarios where FD RA is of fine granularity and PDSCH can be allocated around the DCIs transmitted to other UEs.
· No reuse: an gNB may be RRC configured with a ResourceSets. A UE that is configured with a ResourceSet is by default rate-matching around the ResourceSet.
· Dynamic reuse: a UE configured with a ResourceSet is also indicated by RRC signalling whether the ResourceSet is part of the L1 signalling or not. For each ResourceSet indicated as being part of L1 signalling. 
Overall, UE can expect the PDSCH only within the time and frequency resource indicated by PDSCH starting and ending symbol and frequency-domain RA. 
3.1	On configuration of control-related ResourceSets in NR
In NR, a UE will be configured with one or more CORESETSs which will contain UE’s search-space(s). And, different UEs may be configured with and monitor different CORESETs. For example, one UE monitors an interleaved CORESET, and another UE monitors a non-interleaved CORESET and the third UE is operating only on narrow BWP and monitors again a different CORESET. Not all the possible CORESETs (regardless if it is UE’s own or belonging to other UEs) might be used for PDCCH transmission in a given slot. Therefore, we think that a CORESET is the most straightforward unit to be reused for data. Dynamic indication of rate-matching around CORESETs should be supported, and in order to avoid unnecessary reconfiguration of a CORESET, configured to a UE for monitoring, the CORESET can be also configured to become a ResourceSet.  
Proposal-2: CORESET configured to a UE for PDCCH monitoring can be configured to become the ResourceSet. The configuration details up to RAN2. This type of ResourceSet can be RRC configured to be part of L1 signaling.

A UE may not be, by default, aware of all CORESETs present within the NW carrier. Therefore, the UE should be configured also with resources belonging to CORESET(s) of other UEs. To enable flexible trade-off between reuse-efficiency and overhead in DCI, an gNB striving for high reuse efficiency would configure multiple small time-frequency resource sets, and gNB minimizing overhead would configure a single large resource set. The ResourceSet (e.g. CORESET(s) or part of CORESET of other UE) should be configured with the same granularity as a CORESET. The granularity should be 6RB and a subset of OFDM symbols, which could cover slot-based CORESET and subslot-based CORESETs in a single ResourceSet. This is demonstrated on an example in Figure 1. 

Proposal-3: A ResourceSet (e.g. covering multiple CORESETs or part of a CORESET) is configured similarly to a CORESET, using a first bitmap of 6RB granularity and the second bitmap of OFDM symbols where the first bitmap applies. This type of ResourceSet can be RRC configured to be part of L1 signaling.


 
Figure 1 An example of ResourceSet configuration corresponding to a part of two CORESETs

4	Rate-matching around forward compatible resources 
4.1	Configuration of forward compatible resources
In an ideal case, any DL or UL resource element should be able to be something that can be taken for future use, and thus also configured as reserved resource to a Rel-15 UE. Figures 2 and 3 illustrate exemplary scenarios that require attention in forward compatibility design:
1. Narrowband resource reservation: An example of narrowband resource reservation is a NB-IoT service running on the NR carrier. Due to coverage reasons, NB-IoT transmission has typically a relatively long-time duration e.g. compared to that of eMBB service, but it is confined to a narrow frequency allocation. 
2. Wideband resource reservation: An example of wideband resource reservation is an URLLC (Ultra reliable and low latency communications) service running on the NR carrier. URLLC transmission has typically relatively wide transmission bandwidth but short time duration.
3. Periodic resource reservation: A new beacon transmission used e.g. for long range synchronization or UE trilateration
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Figure 2. Exemplary scenarios for reserved resources

[image: ]
Figure 3. Example of periodic forward compatible resource reservation.

The PDCCH reuse for PDSCH is one very specific need for which the RRC configuration can be optimized for, and this should be considered in the design of the ResourceSet signalling, and if needed there could be a different branch of configurations for PDCCH resource reuse (see Proposal-2) and forward compatible resource reservation in the signalling design. The L1 signalling for both could use dedicated DCI indicating which of the configured resource sets carry PDSCH (or PUSCH), and which one don’t. The reasonable trade-off between RRC configuration flexibility and granularity could be granularity of 1RB, consisting of a first bitmap of RBs and the second bitmap of OFDM symbols, where the first bitmap applies. 
Observation-2: It should be possible to configure any DL/UL resource element as a ResourceSet with sufficiently high granularity and flexibility. 

Proposal-4: A ResourceSet (e.g. covering future compatible resource) should be configured using a first bitmap of 1-RB granularity and the second bitmap of OFDM symbols where the first bitmap applies. This type of ResourceSet can be RRC configured to be part of L1 signaling. 

5	Rate-matching around RS
In MIMO AI, RAN1 agreed that PDSCH can be rate-matched around CSI-RS, and in MIMO AI the ReserouceSet is referred to as rate-matching resource (RMR). We think that also PUSCH should be able to rate-match at least around SRS. In addition, at least aperiodic SRS and CSI-RS should be identified by L1 signalling due to their dynamic nature.
Observation-3: RMR is a ResourceSet. 
Proposal-5: CSI-RS and SRS can be configured to become a ResourceSet. The configuration details up to RAN2. 
· Aperiodic CSI-RS can be RRC configured to be part of L1 signaling.
· Aperiodic SRS can be RRC configured to be part of L1 signaling.

NR UE could further rate-match around LTE signals. These could also become Resource-sets, however it is not clear to us, whether rate-matching around LTE signals needs to be part of L1 signalling.  For example, LTE CRS does not need to be part of L1 signaling, as they are present in all subframes. 
Proposal-6: LTE signals can be configured to become a ResourceSet. The configuration details up to RAN2. It is for further study, which (if any) of LTE signals can be part of L1 signaling.

6	On details of L1 signalling
6.1 User-specific vs GC signaling
There are several reasons why L1 signalling should be part of the scheduling DCI and not part of GC PDCCH
· Better reliability: the reception of PDSCH does not depend on GC-PDCCH decoding. Failing to decode GC-PDCCH results in failure of PDSCH decoding, because of rate-matching assumption is wrong.
· Latency and power consumption: no need to monitor GC-PDCCH. Rate-matching can operate with transmitting the GC-PDCCH.
· Efficiency of resource reuse (example in Figure 6): In case of group-common, UE1 cannot reuse resources colliding with yellow ResourceSet. Contrary, with UE specific signaling UE1 can reuse.
· Lower signaling overhead: no need for transmitting GC CRC (21bits)



Figure 6 User-specific vs. GC signalling

Proposal-7: RAN1 adopts user-specific/dedicated signalling to identify ResourceSet(s) for which the PDSCH may or may not be mapped.

6.2	L1 signaling design
As discussed above, a RRC configuration of ResourceSets should contain information whether the RESOURCESET is/is-not part of L1 signalling. For each ResourceSet being part of L1 signalling, a gNB could transmit a single L1-bit in the DCI scheduling PDSCH, indicating whether PDSCH is or is not mapped in that ResourceSet. However, we think that it should be also possible to group multiple ResourceSet under a N L1 signalling bits. The gNB could include more frequent mini-slot CORESET and a less-frequent slot CORESET within single signalling group. Furthermore, the grouping of ResourceSets could be implemented by means of ResourceSet-configuration. For example, when a ResourceSets is configured, one configuration field could contain an association of the CORESET to L1 signalling group (L1-sig-group). The field could for example contain the following states:
· State 00 would say that the CORESET is not part of L1 reuse
· State 01 would say that the CORESET belongs to L1-sig-group #1
· State 02 would say that the CORESET belongs to L1-sig-group #2 
· State 03 would say that the CORESET belongs to L1-sig-group #3 

For each L1-sig-group x containing at least one ResourceSet, Nx bits could be added in the DCI. 
Proposal-8: 
· A ResourceSet is configured also with the following information:	
· ResourceSet is part of L1 signalling or not, and
· ResourceSet belongs to L1-signalling group x, FFS number of L1-sig-groups.
· A DCI contains Nx bits for each L1-signalling group x containing at least one ResourSet, where Nx is configurable.

In addition, the signalling design should consider the following aspects:
· Partially/fully overlapping ResourceSets: it is open how to treat the intersection of two partially/fully overlapping RESET/CORESETs when a separate L1-bit is present per each CORESET in DCI, i.e. CORESETs are in different L1-sig-groups. 
· A ResourceSet of one L1-signalling group are fully non-overlapping with the PDSCH allocation in a given slot: it is open how to design signalling, when some of the ResourceSets of that L1-signalling group happen to be fully outside of the scheduled PDSCH/PUSCH in a given slot.  

Partially/Fully overlapping ResourceSets in different L1-signalling groups
When ResourceSets are fully/partially overlapping and are part of different L1-signalling groups, we propose that a simple logical-AND is adopted. For example, as shown in Figure 2, if CORESET#1 is L1-indicated as ”PDSCH not mapped” and CORESET #2 is L1-inidicated as ”PDSCH mapped” then the intersection marked as yellow is treated as ”PDSCH not mapped” 


Figure 4 Example of partially overlapping CORESETs

Proposal-9: When ResourceSets are part of different L1-signalling groups and are fully/partially overlapping, the intersection is treated as logical AND, where 1 corresponds to ”PDSCH/PUSCH mapped” and 0 to ”PDSCH/PUSCH not mapped”. 

ResourceSets of a L1-signalling group not confined within the PDSCH/PUSCH allocation in a given slot
With semi-static signaling of ResourceSets and dynamic PDSCH/PUSCH allocation there will occur situations when some of the ResourceSets are outside of the PDSCH allocation (as in Figure 5). In this case, the signaling should be optimized to signal information only for the ResourceSets overllaping with the PDSCH/PUSCH.    


Figure 5 Example of RRC configured CORESET not overlapping with PDSCH

Observation-4: To improve signaling efficiency, the L1 signaling should be user-specific, related to only the ResourceSets that overlap with the PDSCH. 

7	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed the issue of rate-matching in NR, and have the following proposals and observations:
Proposal-1: update the existing agreements accordingly: 
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s) in DL/UL
· The UE shall assume that the scheduled PDSCH/PUSCH is rate-matched around the resource set(s) when the scheduled PDSCH/PUSCH overlaps 
· FFS: exact configuration of a resource set including granularity.
Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH/PUSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH/PUSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH/PUSCH 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
Proposal-2: CORESET configured to a UE for PDCCH monitoring can be configured to become the ResourceSet. The configuration details up to RAN2. This type of ResourceSet can be RRC configured to be part of L1 signaling.
Proposal-3: A ResourceSet (e.g. covering multiple CORESETs or part of a CORESET) is configured similarly to a CORESET, using a first bitmap of 6RB granularity and the second bitmap of OFDM symbols where the first bitmap applies. This type of ResourceSet can be RRC configured to be part of L1 signaling.
Observation-2: It should be possible to configure any DL/UL resource element as a ResourceSet with sufficiently high granularity and flexibility. 

Proposal-4: A ResourceSet (e.g. covering future compatible resource) should be configured using a first bitmap of 1-RB granularity and the second bitmap of OFDM symbols where the first bitmap applies. This type of ResourceSet can be RRC configured to be part of L1 signaling. 

Observation-3: RMR is a ResourceSet. 
Proposal-5: CSI-RS and SRS can be configured to become a ResourceSet. The configuration details up to RAN2. 
· Aperiodic CSI-RS can be RRC configured to be part of L1 signaling.
· Aperiodic SRS can be RRC configured to be part of L1 signaling.
[bookmark: _GoBack]Proposal-6: LTE signals can be configured to become a ResourceSet. The configuration details up to RAN2. It is for further study, which (if any) of LTE signals can be part of L1 signaling.
Proposal-7: RAN1 adopts user-specific/dedicated signalling to identify ResourceSet(s) for which the PDSCH may or may not be mapped.
Proposal-8: 
· A ResourceSet is configured also with the following information:	
· ResourceSet is part of L1 signalling or not, and
· ResourceSet belongs to L1-signalling group x, FFS number of L1-sig-groups.
· A DCI contains Nx bits for each L1-signalling group x containing at least one ResourSet, where Nx is configurable.
Proposal-9: When ResourceSets are part of different L1-signalling groups and are fully/partially overlapping, the intersection is treated as logical AND, where 1 corresponds to ”PDSCH/PUSCH mapped” and 0 to ”PDSCH/PUSCH not mapped”. 
Observation-4: To improve signaling efficiency, the L1 signaling should be user-specific, related to only the ResourceSets that overlap with the PDSCH. 
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