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1 Introduction

A UE may be scheduled with a PDSCH that overlaps with physical resources of the CORESET containing the scheduling PDCCH. To avoid overlapping REs for a PDCCH and the corresponding scheduled PDSCH the following agreement was made at the RAN1 #90 meeting [1]
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
This contribution discusses an open issue regarding how the UE handles any overlap between a scheduled PDSCH and other transmitted PDCCHs in the same monitoring occasion. Furthermore, we provide some corrections to the rate matching description in 38.214.
2 On UE behavior for PDSCH rate matching within a CORESET 
Multiple PDCCHs may be transmitted to a UE in one or more search spaces associated with the same CORESET and for a given PDCCH monitoring occasion. For instance, an UL grant and a DL assignment may be scheduled by PDCCHs transmitted in the same CORESET in a monitoring occasion, where the UL grant and DL assignment target different time allocations (same or different slots) at least for TDD. A similar scenario is also true for broadcast and unicast PDCCHs received in the same monitoring occasion. Although, per the RAN1 #90 agreement, a PDSCH does not overlap with its scheduling PDCCH, it is possible that this PDSCH overlaps with a PDCCH conveying an UL grant or a broadcast PDCCH, in which case it is necessary to clarify the UE behavior. 

Consider the example shown in Figure 1 where a PDCCH schedules a PDSCH overlapping with REs in a CORESET, and furthermore, the PDSCH overlaps with REs of a PDCCH scheduling a PUSCH or PDSCH in a future slot. 
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There are two possible options to ensure same understanding between the UE and the network:

· Option 1: A UE may assume that a PDSCH scheduled by a first PDCCH does not overlap with a second transmitted PDCCH for the same UE.

· Option 2: In the same monitoring occasion it is possible for the network to transmit a second PDCCH overlapping with a PDSCH scheduled by a first PDSCH.
For option 1, the UE behavior may depend on how decoding is performed across the PDCCH candidates in a monitoring occasion. For example, if a UE detects a first PDCCH scheduling a PDSCH overlapping with REs in a CORESET, the UE may not attempt to monitor any PDCCH candidate whose REs overlap with the scheduled PDSCH. Conversely, if a UE detects a first PDCCH scheduling e.g. a PUSCH or SPS release and then detects a second PDCCH scheduling a corresponding PDSCH, the UE behavior is undefined based on Option 1. A possible consequence of this scenario is that a UE implementation may determine that one or both PDCCHs contained inconsistent control information. As the UE behavior is undefined, Option 1 therefore imposes a scheduling restriction as the network should not schedule PDSCH that overlaps with another transmitted PDCCH monitored by the same UE even though successful decoding of both the PDSCH and overlapping PDCCH may be possible if the number of overlapping REs is negligible.
Option 2 on the other hand provides a greater degree of flexibility to the network. A UE monitors all PDCCH candidates in a monitoring occasion. If a detected PDCCH overlaps with a PDSCH scheduled by a second PDCCH, the UE may assume that the PDSCH is rate matched around the overlapping REs. Alternatively, the UE may assume that the PDSCH is punctured on the overlapping REs. 
Proposal: If it is possible for a UE to receive a first PDSCH overlapping with a PDCCH scheduling a different PDSCH, PUSCH or SPS release, RAN1 should decide between the UE assuming that the first PDSCH is punctured or rate matched on the overlapping REs. 

3 Other corrections to PDSCH rate matching
In this section we provide some corrections to Sec. 5.1.4 of 38.214.
In current TS38.331, either cell-specific RMR configured by ServingCellConfigCommon or BWP-specific RMR configured by PDSCH-Config is provided by the same IE rateMatchPatternToAddModList, which means the same configuration description can be applied for these two types of RB-symbol level RMR. From this perspective, the current split description for cell-specific and BWP-specific RMR in TS38.214 is redundant. We think the two paragraphs should be converged to one. 
At RAN1#91 meeting, it was agreed that up to two RMR groups could be configured for the purpose of dynamic reuse, which is captured by the following agreement:
Agreements:

· For L1 signalling, NR supports 1 bit turns a group of resource-sets on and off, where 1bit is signalled per each group of resource sets 

· At most 2 groups of resource sets can be configured to a UE. The grouping is configured per BWP

Presently, the dynamic indication is included in the RateMatchPattern IE. However, the two IEs, rateMatchPatternGroup1 and rateMatchPatternGroup2 determine which RMR could be dynamically indicated. Therefore, there is no need for a separate parameter mode in RateMatchPattern because a RMR is dynamically indicated once it is included in rateMatchPatternGroup1 and/or rateMatchPatternGroup2.
The last paragraph in section 5.1.4.1 seems to be based on two separate agreements, which are shown below. In order to avoid confusion we propose to split the last paragraph into two paragraphs.

Conclusion: (RAN1#92 Athens, Greece, February 26th – March 2nd, 2018)
· There is ambiguity between AL8 and AL16 PDCCH candidates, and it happens only when non-interleaved CORESET which is 1 symbol long and AL8 and AL16 PDCCH candidates have the same starting CCE.

· To address the above ambuiguity:

· When non-interleaved CORESET which is 1 symbol long and AL8 and AL16 PDCCH candidates have the same starting CCE, when the UE successfully decodes a PDCCH with AL8 or AL16 satisfying the ambiguity condition, the UE performs rate-matching for PDSCH by assuming AL 16.

· Note: the actual spec text wording can be refined

Agreements: (RAN1#90 Prague, CZ, 21st – 25th August 2017)
· 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
The proposed corrections are provided in a text proposal in the appendix including some additional modifications to improve clarity.
Proposal: Adopt the text proposal captured in the appendix.
4 Conclusion
This contribution discussed one remaining issue on PDSCH rate matching regarding a PDSCH scheduled by a first PDSCH overlapping with a second transmitted PDCCH. The proposal is summarized below,
Proposal: If it is possible for a UE to receive a first PDSCH overlapping with a PDCCH scheduling a different PDSCH, PUSCH or SPS release, RAN1 should decide between the UE assuming that the first PDSCH is punctured or rate matched on the overlapping REs.
Proposal: Adopt the text proposal captured in the appendix.
We also provided other corrections on PDSCH rate matching for Sec. 5.1.4 of 38.214 in the appendix.
5 Appendix

	5.1.4.1
PDSCH resource mapping with RB symbol level granularity

A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for PDSCH:

-
rateMatchPatternToAddModList given by PDSCH-Config or by ServingCellConfigCommon and configuring up to 4 RateMatchPattern(s). A RateMatchPattern may contain:
-
within a BWP when provided by PDSCH-Config or within a serving cell when provided by ServingCellConfigCommon, a pair of reserved resources, with numerology provided by higher layer parameter subcarrierSpacing given by RateMatchPattern, which are respectively indicated by an RB level bitmap (higher layer parameter resourceBlocks given by RateMatchPattern ) with 1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters symbolsInResourceBlock given by RateMatchPattern ) for which the reserved RBs apply. A bit value equal to 1 in the RB and symbol level bitmaps indicates that the corresponding resource is not available for PDSCH. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by RateMatchPattern ) , where each bit of  periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap, and a bit value equal to 1 indicates that the pair is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40ms. When periodicityAndPattern is not configured for a pair, for a symbol level bitmap spanning two slots, the bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol level bitmap spanning one slot, the bits correspond to every slot of a radio frame. The pair configured as dynamic by higher layer can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1and rateMatchPatternGroup2). The rateMatchPatternToAddModList given by ServingCellConfigCommon configuration in numerology µ applies only to PDSCH of the same numerology µ.
-
within a BWP, a frequency domain resource of a CORESET with controlResourceSetId and time domain resource determined by the higher layer parameters monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot of search-space-sets associated with the CORESET with a controlResourceSetId. This resource not available for PDSCH can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2 ).



A configured group rateMatchPatternGroup1 or rateMatchPatternGroup2 contains a list of RB and symbol level resource set indices forming a union of resource-sets not available for PDSCH dynamically if a corresponding bit of the Rate matching indicator field of DCI format 1_1 scheduling the PDSCH is equal to 1. The REs corresponding to the union of configured RB-symbol level resource-sets that are not included in either of the two groups are not available for PDSCH. 

For a bitmap pair included in one or two groups of resource sets, the dynamic indication of availability for PDSCH applies to a set of slot(s) where the rateMatchPatternToAddModList given by PDSCH-Config and rateMatchPatternToAddModList given by ServingCellConfigCommon is present among the slots of scheduled PDSCH.

If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in a non-interleaved CORESET spanning one OFDM symbol  and if a detected PDCCH scheduling a PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH. 
If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for the PDSCH.
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