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1. Introduction
This is a revision of R1-1715872 and R1-1715856. In the previous meeting, following agreements were made regarding DL resource management [1]:
	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:
· 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
Agreement:
· RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.


In this contribution, we provide our views on rate-matching method for PDSCH or PUSCH. Specifically, we focus on how to design L1 signalling and configuration of resource set for rate-matching of PDSCH. 

2. Semi-static rate matching resources (RMR)
In summary, we have two different resource sets (we call this as semi-static RMR) (1) semi-statically configured reserved/rate matching resource which will be rate matched for control/data and (2) a set of resources which will be dynamically indicated whether to assume rate matching or data mapping. First, for semi-statically configured reserved/rate matched resource sets, there are cases where reserved resources are not used for downlink, uplink and measurement such as LTE resources in LTE-NR coexistence and forward compatibility resources. In handling IMD, IMD mixing and harmonics, it has been considered to use TDM between two UL carriers or between DL carrier and UL carrier. When TDM is used in NR, though, scheduling and configuration of measurement may handle the unallocated resources, it can be inefficient in terms of configuration of periodic resources such as CSI-RS, SRS, etc. For that, it would be good if reserved resource can be also configured for DL and UL respectively as in this case, the resource can be used either in UL or DL. Furthermore, in case of semi-static RMR for periodic RS mapping such as periodic wideband RS (if supported), CSI-RS and SRS can be applied DL or UL respectively. 
In terms of resource granularity for semi-static RMR, the configuration should be flexible to cover different use cases. For reserved resources, resource sets consist of a number of OFDM symbols over a contiguous frequency region can be sufficient where multiple resource sets are configured to cover discontinuous resources in time and/or frequency domain. For RE-level semi-static resource configurations, we consider that utilizing existing RS configurations (e.g., periodicity, RE configuration, etc) would be sufficient. So far, a clear motivation has not been identified to allow generic resource set configuration at RE level for forward compatibility in our view. To minimize the configuration overhead, simplify rate matching operation, and not to complicate TBS function, we propose the followings. 
Proposal 1: For semi-static RMR, we can have the following configurations. 
· There are reserved resource configurations where a UE assumes no transmission, no reception and no measurements. 
· The resource granularity is one or a few OFDM symbols with contiguous PRBs in frequency domain
· There are RMR which is configured for UL and DL respectively.
· The resource granularity or configuration can include 
· One or a few OFDM symbols with contiguous PRBs in frequency domain
· One or a set of RS configurations (e.g., CSI-RS, SRS) (more details are discussed in Section 4)

3. Dynamic Rate-matching resources (RMR) considering PDCCH(s)
As agreed one or more resource sets can be semi-statically configured which can be dynamically indicated about the behaviour at least for control-data multiplexing. We call this as dynamic RMR type1 (D-RMR type1) for the convenience. D-RMR type1 would be valid only if the scheduled PDSCH is fully or partially overlapped with the configured/indicated resource set(s). To be specific, when the scheduled PDSCH is TDMed with the configured/indicated resource set, the resource set would not affect to the physical resource mapping of the PDSCH transmission. In this case, it would be necessary to investigate how to interpret L1 signalling for PDSCH mapping when the configured/indicated resource sets are not overlapping with the scheduled PDSCH. For simplicity, in this case, bit field for PDSCH mapping is set to be default value, and this field can be used as virtual CRC to improve the detection performance of PDCCH. 
Observation 1: Resource set(s) for which the PDSCH may or may not be mapped would be valid only if the scheduled PDSCH is overlapped with the configured/indicated resource set(s).
Observation 2: It is necessary to investigate how to interpret L1 signalling for PDSCH mapping when configured/indicated resource set(s) for which the PDSCH may or may not be mapped are not overlapping with the scheduled PDSCH. 
In terms of behaviour on D-RMR type1 between rate matching on the indicated resource set(s) or map PDSCH/PUSCH on the indicated resource set(s), we prefer ‘rate matching’ as the latter approach may have unnecessary restriction on RRC configuration, RRC signalling overhead, and additional procedures to define which DL resources can be used for PDSCH mapping. For instance, as shown in Figure 1, the former approach may need to have a single set of RRC configured resource sets for which the PDSCH may not be mapped. Meanwhile, the later approach may need to have resource set(s) for which the PDSCH may not be mapped and a set of RRC configured resource sets for which the PDSCH may be mapped for the same results of PDSCH mapping. In other words, to utilize the latter approach, clarification on which resources are rate matched first is necessary additionally. 
Observation 3: Considering network flexibility, RRC signalling overhead, it would be efficient that resource set for which the PDSCH may not be mapped is indicated by L1 signalling. 
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Figure 1: Example of dynamic resource sharing between PDCCH and PDSCH based on L1 signalling. 
Proposal 2: For dynamic RMR resource indicated by L1 signaling, a UE assume data is rate matched on the indicated resource set(s). 
Between group-common and UE-specific signalling for L1 signalling, we prefer UE-specific signalling as different UE may have different rate matching pattern. If rate matching resource sets are covering not only CORESETs but also RS such as CSI-RS or dynamic reserved resource due to beam forming, etc, it is desirable to indicate different rate matching pattern per each UE. Also, considering ambiguity, it is desirable that scheduling DCI contains rate matching information. In other words, DL resources to be used for PDSCH transmission would be solely depending on a single L1 signalling (which is used to schedule PDSCH) rather than multiple L1 signals are used to schedule a single PDSCH transmission. Between indication of all configured resource sets via such as bitmap and indication of one of resource sets where multiple resource sets can be configured including combinations of resource sets, we prefer second approach to minimize overhead. Depending on the network operation, it may not be necessary that all combinations of basic resource units should be supported. In this sense, the second approach is more flexible and can minimize the overhead. 

In a similar manner, it can be considered to support dynamic resource sharing between PUSCH and other signals such as PUCCH. To be specific, a UE can be configured by UE-specific RRC signalling to identify resource set(s) for which the PUSCH may or may not be mapped based on the L1 signalling. The resource set(s) can include resources for PUCCH for the same or different UE. 
Proposal 3: UE-scheduling is used to indicate one of RRC configured resource sets for which the scheduled PDSCH or PUSCH is rate-matched around. 
For D-RMR type 1, the resource granularity can have the following options. 
· Option 1: CORESET level
· Option 2: REG/CCE/PDCCH candidate level
· Option 3: One or more OFDM symbols with PRB/RBG level frequency domain allocation which can be discontinuous 
CORESET would be configured considering blocking between PDCCH candidates, the amount of DL/UL traffic, and PDCCH detection performance. In case, the amount of DL resources used for actual PDCCH transmission could be relatively smaller than total DL resources associated with a CORESET. In other words, depending on the traffic condition, Option 1 would not fully utilize available resources within CORESET for PDSCH mapping. 
Observation 4: In case of CORESET level for granularity for the resource set, available resources would not be fully utilized. 
In case of Option 2, some portion of DL resources of CORESET could be reused for PDSCH mapping depending on the configured/indicated resource set. For instance, a certain CCE index can be configured as threshold to identify DL resources usable for PDSCH mapping. To be specific, for given CORESET(s), if the configured CCE threshold index is X, the scheduled PDSCH can be rate-matched around DL resources associated with CCE index less than X instead of all DL resources within a CORESET. Meanwhile, PDCCH transmissions of the same or different UE will be mapped on CCEs whose index is less than X. In this case, resource set(s) could be configured by combination of CORESET and threshold value. It would be efficient to reuse DL resources within CORESET(s) with a reasonable signalling overhead. 
Observation 5: In case of REG/CCE/PDCCH candidate level for granularity for the resource set, available resources could be efficiently reused with a reasonable signalling overhead. 
However, dynamic RMR can be also used for other purposes other than control and data multiplexing. It can be also used for dynamically resource reservation/utilization. In such case, D-RMR configurations may not be restricted only to control region. In this sense, to balance the configuration overhead, and also allow flexibility, similar to semi-static RMR, we consider Option 3 seems reasonable for D-RMR type1. 
Proposal 4: The resource granularity for dynamic RMR other than rate matching around RSs is one or more OFDM symbols with (dis)contiguous PRBs in frequency domain.

4. Rate-matching resources (RMR) considering RS
In addition to the dynamic RMR considering PDCCH(s), i.e., D-RMR type 1, RMR for RS protection should also be supported in NR as well. For the convenience, we call this as dynamic RMR type 2 (D-RMR type 2). Main difference between D-RMR type 1 and 2 is the resource configuration granularity, where RB level configuration is sufficient for D-RMR type 1 while RE-level configuration is required to D-RMR type 2.
In NR AH#3, RMR for PDSCH is agreed to include CSI-RS at least. Considering that PDSCH and DMRS is agreed to be multiplexed in FDM manner, NR should support signaling for PDSCH rate matching in DMRS symbols for protecting DMRS for other UEs. Detailed explanation about PDSCH and DMRS multiplexing is presented in our companion contribution [2]. Since a unified configuration and signaling framework is desirable for the rate matching purpose, RMR configuration for PDSCH can cover DMRS as well as CSI-RS.
Proposal 5: RMR for PDSCH should be able to include at least DL DMRS RE locations in addition to CSI-RS RE locations.
In NR AH#2 meeting, resource for PUSCH rate matching is agreed to be supported. At least symbol-level configuration of UL rate match resource (RMR) should be supported for SRS protection as in LTE. For better flexibility than LTE, band configuration and RE-level configuration of UL RMR can also be considerable in addition to symbol level configurations. Especially if band configuration of UL RMR is introduced, UL RMR hopping can also be introduced by considering SRS hopping bands.
Proposal 6: RMR for PUSCH should be able to include frequency resource configuration considering SRS hopping bands.
For NZP CSI-RS for channel measurement, data would not be transmitted on the REs where NZP CSI-RS is transmitted at least for channel measurement performance, therefore all configured NZP CSI-RS for channel measurement can be considered to be rate matched by default. Similar to the RE locations for NZP CSI-RS for channel measurement, PDSCH and PUSCH can be rate matched around some REs that are occupied by some signals crucial for data transmission and reception. For example, PDSCH has to be rate-matched around scheduled DMRS and SS block, and PUSCH has to be rate matched around scheduled DMRS and SRS. In terms of IMR, to support at least multiple TRP cases, dynamic indication of IMR resource seems necessary. For example as depicted in figure 2, on certain ZP CSI-RS based IMR, data transmitted from current serving TRP can be measured as interference, with desired channel measured on NZP CSI-RS from future serving TRP, to form DPS CSI. Thus, not all RMRs need to be measured, and not all ZP CSI-RS based IMRs need to be rate-matched. In this technical background, ZP CSI-RS for interference measurement (named as CSI-IM in LTE) and ZP CSI-RS for PDSCH rate matching (named as ZP CSI-RS in LTE) were configured independently. 
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Figure 2. Exemplary case: ZP CSI-RS based IMR not rate matched around PDSCH from serving cell for DSP CSI
In handling of overlapping between data and various RSs, we first clarify the UE behaviour in terms of configured RSs resources as in below.
Proposal 7: A UE assumes that PDSCH is rate matched around following resources.
· NZP CSI-RS configured to the UE for channel measurement
· DMRS for PDSCH for the UE.
· DL PTRS and TRS configured for the UE
Proposal 8: A UE assumes that PUSCH is rate matched around following resources.
· SRS configured for the UE
· DMRS for PUSCH for the UE
· UL PTRS configured for the UE
The above behaviour does not require any configuration of resource sets which are dynamically indicated to be rate matched. Next, we discuss the necessity of different time domain behaviours of D-RMR type 2 to handle various RSs configurations for the UE 
For NZP CSI-RS for channel measurement and ZP CSI-RS based IMR, aperiodic, semi-persistent and periodic RSs are agreed to be supported, therefore RMR with the same time domain behaviors, i.e. aperiodic, semi-persistent, periodic RMR, would be needed in NR as well. Periodic RMR can be used for protection of periodically transmitted CSI-RS, and IMRs which target the CoMP scenario with inter-cell interference. Aperiodic RMR is required at least for aperiodic CSI-RS and IMR. Semi-persistent configuration of RMR can be helpful for the cases of semi-persistently transmitted NZP CSI-RSs of neighbor TRPs or beams. We may think the possibility to use aperiodic RMR with DCI signaling on every corresponding PDSCH slots for the semi-persistent rate matching purpose. However, large DCI overhead is expected for the indication of all possible combinations of RMR including the target CSI-RS resources for aperiodic and semi-persistent CSI-RS especially considering the necessity of simultaneous triggering of more than one semi-persistent RMR in a slot, with different periods but possibly the same transmission instances. Aperiodic RMR needs to be designed with small DCI payload to indicate RMR dynamically. RMR candidate set can be further reduced by MAC CE signaling. Semi-persistent RMR can be activated/deactivated by MAC CE. 
For periodic and Semi-persistent RMR, periodicity and slot offset can be configured by RRC in addition to RE pattern information, i.e. RE location within a slot. For aperiodic RMR, periodicity and slot offset would not be needed because it can be utilized for dynamic RS protection for neighbor TRPs/UEs’ aperiodic CSI-RS. Aperiodic RMR is triggered by DCI. If multiple periodic/ Semi-persistent RMRs are configured, periodic or semi-persistent RMR can be also associated with DCI signaling in order to down-select one or more RMRs among RRC configured RMRs analogous to LTE Rel-11 CoMP. PDSCH/PUSCH is rate matched around the configured periodic or semi-persistent RMR only if the scheduled PDSCH/PUSCH slot index matches the configured periodicity and slot offset of the DCI-indicated RMR and if the resource is activated (in case of semi-persistent RMR).
Proposal 9: Following three types of RMR are supported for RS:
· Periodic RMR: RMR RE pattern (i.e. RE location within a slot), periodicity and slot offset is configured by RRC. PDSCH is rate matched around the configured resource.
· Semi-persistent RMR: RMR RE pattern (i.e. RE location within a slot), periodicity and slot offset is configured by RRC. MAC CE activates/deactivates the resource. PDSCH is rate matched around the activated resource(s) only among RRC configured resources. 
· Aperiodic RMR: RMR RE patterns (i.e., D-RMR type 2) are configured by RRC. PDSCH is rate matched around resource pattern(s) indicated by DCI.
Considering the possibility of including multiple RS types for rate matching, e.g., CSI-RS, DMRS, SRS, etc., RMR RE pattern configuration method needs to be defined. Following options can be considered for the RMR RE pattern configuration.
Option 1: Reuse of configuration parameters indicating RE location for each RS type. 
In this option, RE pattern configuration method of target RSs, e.g., CSI-RS, DMRS, SRS, is reused for RMR RE pattern configuration. For example, RMR can be configured through X-port CSI-RS RE pattern configuration index analogous to LTE if it is for CSI-RS. RMR configuration through aggregation of X-port CSI-RS RE patterns can also be considered. This option is efficient in terms of signaling. For example, candidate parameters for RMR configuration can be listed as follows if option 1 is supported:
· NZP CSI-RS
· RE pattern(e.g., RE location, port number)
· RB-level density
· Timing behavior, i.e., periodic/semi-persistent/aperiodic
· Periodicity and slot offset for periodic/semi-persistent RMR
· DMRS
· DMRS type
· DMRS symbol index and number
· CDM group index (especially for type 2)
· Additional DMRS configuration
· SRS
· RE pattern(e.g., RE location, port number)
· Comb value
· Frequency hopping
· Timing behavior, i.e., periodic/semi-persistent/aperiodic
· Periodicity and slot offset for periodic/semi-persistent RMR
· Band configuration
However, forward compatibility may be limited for this option considering the possibility of adding new RS types and/or additional RE patterns of existing RS in the future releases.
Option 2: RE pattern configuration via bitmap
With this option, RMR RE pattern can be configured freely, independent of the configuration method of each RS type. This option can overcome the abovementioned limitations of Option 1. However, it may require large signalling overhead. For example, if RE-level bitmap is used for RMR configuration, 168 bits are required to fully support a PRB with 14 symbols. This overhead can be further increased if RMR RE patterns are configured across multiple consecutive PRBs. Therefore, signaling reduction techniques would be needed for Option 2 if adopted, e.g., RMR component resource with N adjacent REs, symbol-wise RMR, RMR configuration within restricted area. Furthermore, forward compatibility resources can be configured in a rather coarse granularity, and thus, we consider that Option 1 is sufficient for D-RMR type 2. 
5. Common framework for RMR indication
The configured resource set for physical resource mapping of PDSCH transmission may include CORESET/PDCCH of other UEs, any dynamically reserved resources such as CSI-RS for other UEs and RS for other UEs, and resources used with different numerologies. In other words, the pattern of resource set(s) need to consider not only CORESET/PDCCH of other UEs, but also some other resources not usable for a given UE. In other words, DCI indication for RMR can be used for multiple purposes. For simplicity, it can be considered that a single bit field is used to indicate combination of RMR for multiple purposes. In this case, RRC configured resource set for dynamic indication of RMR could be configured by combination of CORESET configuration (in terms of PRBs) and CSI-RS configuration (in terms of RE patterns). More generously, RRC configured resource set for dynamic indication of RMR could be configured in PRB and/or RE group level at the expense of signaling overhead. Each candidate of RMR can include resources used for PDCCH and resources used for CSI-RS. However, since the occurrence of PDCCH and CSI-RS will be independent, indication of RMR for PDCCH and CSI-RS would need to be independent each other. For instance, PDSCH may need to be rate-matched around resources where PDCCH is mapped while it does not need to be rate-matched around CSI-RS resources. Alternatively, separate bit fields are used to indicate RMR for each purposes such as resource sharing between PDCCH and PDSCH, or RS protection. In this case, each candidate of RMR will be associated with either RMR for resource sharing with PDCCH or RMR for RS protection. There are different approaches of unifying rate matching resources as follows.
· Option 1: Separate field or indication may be used depending on resource configuration granularity. For example, D-RMR type 1 (resource allocation granularity) and D-RMR type 2 (RE pattern granularity) can have separate indication. 
· Option 2: Separate field or indication may be used depending on the OFDM symbols where the rate matching occurs. For example, one field can be used for OFDM symbols where control region is present, and separate field can be used for data in non-control region. 
· Option 3: Separate field or indication may be used depending on the purpose. For example, control-data multiplexing and aperiodic IMR indication can have separate fields, and if there are other resource sets needed for such as dynamic resource reservation, separate field may be used. 
Further details on resource sets seem necessary before we conclude on the detailed DCI fields. For that we propose to further develop RMR configurations for each purpose first. 
Proposal 10: Before discussing DCI field details, discuss first resource configuration details for each purpose of rate matching, e.g., for D-RMR type 1 and D-RMR type 2. At least two different resource granularity (e.g., resource allocation and RE pattern granularity) should be supported. 
6. Conclusion
In this contribution, we discuss rate-matching for PDSCH or PUSCH. Our proposals are as follows:
Observation 1: Resource set(s) for which the PDSCH may or may not be mapped would be valid only if the scheduled PDSCH is overlapped with the configured/indicated resource set(s).
Observation 2: It is necessary to investigate how to interpret L1 signalling for PDSCH mapping when configured/indicated resource set(s) for which the PDSCH may or may not be mapped are not overlapping with the scheduled PDSCH. 
Observation 3: Considering network flexibility, RRC signalling overhead, it would be efficient that resource set for which the PDSCH may not be mapped is indicated by L1 signalling. 
Observation 4: In case of CORESET level for granularity for the resource set, available resources would not be fully utilized. 
Observation 5: In case of REG/CCE/PDCCH candidate level for granularity for the resource set, available resources could be efficiently reused with a reasonable signalling overhead. 

[bookmark: _GoBack]Proposal 1: For semi-static RMR, we can have the following configurations. 
· There are reserved resource configurations where a UE assumes no transmission, no reception and no measurements. 
· The resource granularity is one or a few OFDM symbols with contiguous PRBs in frequency domain
· There are RMR which is configured for UL and DL respectively.
· The resource granularity or configuration can include 
· One or a few OFDM symbols with contiguous PRBs in frequency domain
· One or a set of RS configurations (e.g., CSI-RS, SRS) (more details are discussed in Section 4)
Proposal 2: For dynamic RMR resource indicated by L1 signaling, a UE assume data is rate matched on the indicated resource set(s). 
Proposal 3: UE-scheduling is used to indicate one of RRC configured resource sets for which the scheduled PDSCH or PUSCH is rate-matched around. 
Proposal 4: The resource granularity for dynamic RMR other than rate matching around RSs is one or more OFDM symbols with (dis)contiguous PRBs in frequency domain.
Proposal 5: RMR for PDSCH should be able to include at least DL DMRS RE locations in addition to CSI-RS RE locations.
Proposal 6: RMR for PUSCH should be able to include frequency resource configuration considering SRS hopping bands.
Proposal 7: A UE assumes that PDSCH is rate matched around following resources.
· NZP CSI-RS configured to the UE for channel measurement
· DMRS for PDSCH for the UE.
· DL PTRS and TRS configured for the UE
Proposal 8: A UE assumes that PUSCH is rate matched around following resources.
· SRS configured for the UE
· DMRS for PUSCH for the UE
· UL PTRS configured for the UE
Proposal 9: Following three types of RMR are supported for RS:
· Periodic RMR: RMR RE pattern (i.e. RE location within a slot), periodicity and slot offset is configured by RRC. PDSCH is rate matched around the configured resource.
· Semi-persistent RMR: RMR RE pattern (i.e. RE location within a slot), periodicity and slot offset is configured by RRC. MAC CE activates/deactivates the resource. PDSCH is rate matched around the activated resource(s) only among RRC configured resources. 
· Aperiodic RMR: RMR RE patterns (i.e., D-RMR type 2) are configured by RRC. PDSCH is rate matched around resource pattern(s) indicated by DCI.
Proposal 10: Before discussing DCI field details, discuss first resource configuration details for each purpose of rate matching, e.g., for D-RMR type 1 and D-RMR type 2. At least two different resource granularity (e.g., resource allocation and RE pattern granularity) should be supported. 
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