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1. Introduction
[bookmark: _GoBack]In RAN1#88bis meetings [1], following agreements were made related to rate matching for data channels:
	Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown


In this contribution, we discuss rate matching issues on data when different scheduling units are used, and dynamic slot type is used. 

2. Discussions on reserved resource
In determining resources for data mapping, reserved resource or resources not available for data mapping needs to be clarified. There are a few cases for reserved resource which needs to be rate matched for data mapping.
(1) LTE-NR coexistence: to protect LTE PDCCH region and also CRS symbols, NR data needs to avoid mapping around legacy PDCCH region and CRS symbols. In terms of CRS symbols, it can be configured as semi-static reserved resource for corresponding slots. For legacy PDCCH region, we can consider
A. Semi-static configuration of control and data region: one approach is to configure semi-static resource for both control and data region to protect legacy PDCCH resource (e.g., 3 OFDM symbols with 15 kHz subcarrier spacing). If this approach is used, in case smaller legacy PDCCH region is used, the resource may be wasted. 
B. Semi-static configuration of control region and dynamic indication of data region: another approach is to configure semi-static resource for control channels (or configure start and duration for control region for each control resource set) as dynamic indication for control is not straightforward, and indicate starting symbol for data dynamically. For example, for control region, starting OFDM symbol can be defined as 4th OFDM symbol to protect LTE PDCCH region, and data can start before 4th OFDM symbol depending on the size of LTE PDCCH region. This may lead the case where data can start earlier than the start of control region. 
C. Dynamic indication of for control and data region: to maximize the utilization of resource for both control and data, dynamic indication for both can be also considered. To allow dynamic indication for control channels, a UE may need to perform more blind decodings. For example, the starting OFDM symbol for control region can be configured as 2nd OFDM symbol, and then a UE can perform blind decodings at each OFDM symbols up to configured OFDM symbols for control regions. This however increases UE complexity without clear benefits. This can be also realized by configuring mini-slot based control monitoring for example control monitoring in every OFDM symbol. 
For LTE-NR coexistence, it is desirable that semi-static configuration of starting and duration for control region is configured and dynamic indication of starting OFDM symbol for data which can occur earlier than the start of control region can be considered. 
[image: ]
[bookmark: _Ref481398424]Figure 1. Illustration of LTE-NR Coexistence Case
Figure 1 shows an example of LTE-NR coexistence case where NR uses 30 kHz subcarrier spacing. If slot-based scheduling is supported in normal subframe, different control resource set starting positions can be configured per different slot and data starting point can be dynamically indicated per each slot. When mini-slot based scheduling is supported where a UE monitors control resource sets more frequently (e.g., per every OFDM symbol), control and data can be mapped to non-PDCCH regions and/or non-CRS OFDM symbols. 
(2) Cross-slot scheduling: NR-PUSCH or NR-PDSCH can be scheduled across slots for various reasons. When cross-slot scheduling is used, to allow downlink control and uplink control transmissions in the given slot, reserved resource for data mapping seems necessary. Furthermore, reserved resources are necessary for CSI-RS and/or SRS transmissions, dynamic indication of data mapping region at each slot can be necessary. 
(3) TDM between different numerologies: for example, if different numerology is used between CSS and USS, a UE needs to monitor each SS at different OFDM symbol (assuming the UE supports one numerology at a given time). In this case, data may not be mapped to OFDM symbol where different numerology from data is used. 
It is however noted that when a UE is scheduled with multi-slot NR-PUSCH where time-domain bundling is also configured, a UE may not be required to change to DL monitoring at least during time-domain bundling unit even though a UE is configured with control monitoring to ensure phase continuity of uplink transmission. Even in this case, OFDM symbols of configured control resource set(s) may be rate matched for NR-PUSCH data transmission. 
For handling various cases for data rate matching, we propose the followings.  
Proposal 1: To efficiently utilize LTE-NR coexistence, it can be considered that a UE can be indicated with starting OFDM symbols for NR-PDSCH via DCI which can indicate “earlier” OFDM symbols than the starting OFDM symbol for the control resource set(s). 
Proposal 2: Dynamic indication of resources where data is not mapped needs to be considered for efficient resource utilization. 
3. Discussion on resource allocation mechanisms
To allow dynamic indication of data rate matching for various reserved resources, different mechanisms of resource allocation mechanisms can be considered. 
(1) Support time-domain resource allocation within the scheduling unit: the most flexible approach is to dynamically indicate reserved resource at OFDM symbol level. One example is to use “bitmap” of scheduling unit size where scheduling unit size can be assumed as maximum scheduling unit a UE can be scheduled with. The maximum scheduling unit size can be configured to each UE for UE-specific data, and for common data, it is configured by PBCH or SI. To reduce the size of bitmap, grouping of OFDM symbols can be considered. Furthermore, to reduce the size of time-domain resource allocation, contiguous resource mapping can be considered which may not be effective to dynamically indicate reserved resources in the middle of scheduling unit. Alternatively, among configured set of dynamic reserved resource patterns, a UE can be dynamically indicated with pattern index. 
(2) Support time-domain resource allocation within a slot, which repeats across multiple slots if cross-slot or multi-slot scheduling is configured: the overhead of dynamic indication of time-domain resource over maximum scheduling unit can be large depending on the scheduling unit size. To balance the overhead, another approach is to schedule time-domain resource within a slot where the same pattern is assumed across slots over scheduling unit. The drawback of this approach is that this may not address different reserved resource pattern in different slots, for example, rate matching around CSI-RS and/or SRS. At least when a UE is scheduled with a slot via cross-slot scheduling, indication of rate matching applies to the slot where actual data transmission or reception occurs. 
(3) Reserved resource is determined based on group-common PDCCH: another approach is to indicate reserved resource in each slot by group-common PDCCH. The drawback of this approach is that a UE’s data reception or transmission performance can be degraded when a UE does not detect group-common PDCCH reliably. 

Proposal 3: Either indication for dynamic reserved resource via resource allocation based or group-common PDCCH is further considered if dynamic indication is necessary.
Proposal 4: To allow control channel monitoring before NR-PUSCH transmission, indication of starting OFDM symbol for NR-PUSCH is also supported. 
Proposal 5: To allow rate matching around CSI-RS and/or SRS, indication of ending OFDM symbol for NR-PDSCH and NR-PUSCH is supported. Particularly when CSI-RS and/or SRS use different numerology from data, emptying entire OFDM symbol can be necessary depending on UE capability. 
 
4. Conclusions
This contribution discusses rate matching in data transmission to address various resources not usable for data transmission. We proposed the followings. 
Proposal 1: To efficiently utilize LTE-NR coexistence, it can be considered that a UE can be indicated with starting OFDM symbols for NR-PDSCH via DCI which can indicate “earlier” OFDM symbols than the starting OFDM symbol for the control resource set(s). 
Proposal 2: Dynamic indication of resources where data is not mapped needs to be considered for efficient resource utilization. 
Proposal 3: Either indication for dynamic reserved resource via resource allocation based or group-common PDCCH is further considered if dynamic indication is necessary.
Proposal 4: To allow control channel monitoring before NR-PUSCH transmission, indication of starting OFDM symbol for NR-PUSCH is also supported. 
Proposal 5: To allow rate matching around CSI-RS and/or SRS, indication of ending OFDM symbol for NR-PDSCH and NR-PUSCH is supported. Particularly when CSI-RS and/or SRS use different numerology from data, emptying entire OFDM symbol can be necessary depending on UE capability.  

5. Reference
RAN1 chairman’s notes, RAN1#88bis.
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