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Introduction
In previous meetings, the UE’s behavior on PDSCH rate matching was discussed, and the following agreements were achieved:
In RAN1 #91
Agreements:
For the already agreed resource sets for PDSCH rate-matching: 
· Up to 4 RB-symbol-level resource sets per cell & an indication to indicate for semi-static or dynamic rate matching per resource set by RRC
· Up to [4] RB-symbol-level resource sets per BWP & an indication to indicate for semi-static or dynamic rate matching per resource set by RRC
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
In RAN1 AH1801
Agreements:
· The max number of Resource-set-BWP can be configured per each BWP is 4
In this contribution, we discuss remaining issues on PDSCH rate matching based on above agreements.
Discussion
Dynamic indicated RB-level RMR
In 38.214 section 5.1.4.1, it says
	A configured group rateMatchPatternGroup1 or rateMatchPatternGroup2 contains a list of RB symbol level resource set indices forming a union of resource-sets not available for PDSCH dynamically if corresponding bit is equal to 1 in the PDCCH with a scheduling DCI. 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. 
[bookmark: _Hlk512443080]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.


In DCI format 1_1
-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameter rateMatchPattern.
When rateMatchPatternGroup1 or/and rateMatchPatternGroup2 is/are configured, the corresponding bit(s) in DCI format 1_1 dynamically indicates the availability of RB symbol level resource sets for PDSCH. However, there is no rate matching indicator field in DCI format 1_0. If a UE is configured to monitor DCI format 1_0, UE’s behavior on PDSCH rate matching is not clear and should be specified. Therefore, we propose that UE shall assume all the REs corresponding to the union of configured RB symbol level resource-sets are not available for PDSCH corresponding to a DCI format 1_0, no matter whether rateMatchPatternGroup1 or/and rateMatchPatternGroup2 is/are configured or not.
Proposal 1: If PDSCH is scheduled by a DCI format 1_0, the UE shall assume all the REs corresponding to the union of configured RB-symbol level resource-sets are not available for PDSCH. 

CORESET RMR
During RAN1 #93, it was agreed that a new parameter duration is added in SearchSpace IE to indicate the duration in terms of number of consecutive slots for every PDCCH monitoring occasion. However, in current TS 38.214, it is described that if CORESET is configured as a rate matching resource set, the frequency domain resource is identified by controlResourceSetId, while time domain resource is determined by the associated search space set configuration, i.e., monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot, and the new introduced parameter duration is not reflected. From our point of view, the time domain resource of CORESET should be determined by monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration. Therefore, we provide the following proposal.
Proposal 2: If a CORESET is configured as a rate matching resource set, the determination of time domain resource of the CORESET should take into account higher layer parameter duration in SearchSpace IE.

RE-level RMR
According to TS 38.214, within a BWP, a UE can be configured with one or more ZP CSI-RS resource set configuration(s) and the maximum number of aperiodic ZP-CSI-RS-ResourceSet(s) configured per BWP is 3. The DCI field ZP CSI-RS trigger is used to trigger one aperiodic ZP-CSI-RS-ResourceSet. 
When RE level aperiodic ZP-CSI-RS-ResourceSet(s) is/are triggered by DCI, it should be clarified that which slot(s) of a multi-slot PDSCH the ZP CSI-RS trigger should be applied to.   
To avoid introducing additional signaling, two possible alternatives can be considered. For multi-slot PDSCH, ZP CSI-RS trigger is applied to
- Alt. 1: the first slot among the slots of scheduled PDSCH.
- Alt. 2: all the slots of scheduled PDSCH.
For Alt. 1, the ZP CSI-RS can only be used as RMR in the first slot. If the NZP CSI-RS configured for other UEs within the serving cell appears in the same RE in the remaining slots as that in the first slot, to achieve low interference CSI measurement for other UEs, RB-level RMR must be configured since no more RE-level RMR indication can be used and this may induce that some REs cannot be used for PDSCH transmission. 
For Alt. 2, all the REs indicated by ZP-CSI-RS-ResourceSet(s) are not available to PDSCH transmission in all the slots. If no data or RS are transmitted on the REs indicated by ZP-CSI-RS-ResourceSet(s) in some slots by other UEs, the REs in these slots are over reserved. 
Although Alt. 2 may also reserve more REs like Alt. 1, it can save the signaling overhead to indicate RB-level RMR. Therefore, we raise the following proposal. 
Proposal 3: For multi-slot PDSCH, ZP CSI-RS trigger is applied to all the slots of scheduled PDSCH.

Rate matching for AP NZP CSI-RS
It has been agreed that for PDSCH resource mapping, REs occupied by NZP CSI-RS are rate matched, except for NZP CSI-RS configured by the higher layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE. 
In NR, there can be more than one PDCCH monitoring occasions in one slot, as shown in Figure 1 below,


Figure 1 Example of two PDCCH monitoring occasions in one slot
To be more specific, PDCCH#0 in symbols 0-1 schedules PDSCH in symbols 2-13, and PDCCH#1 in symbol 6 schedules AP NZP CSI-RS in symbols 8-9. For this case, according to the agreement mentioned above, rate matching pattern for PDSCH in symbols 7-13 should be determined by PDCCH#1 in addition to PDCCH#0. 
From UE implementation point of view, for PDSCH reception, two alternatives can be considered
· Alt. 1: UE assumes the AP NZP CSI-RS is rate matched
· Alt. 2: UE assumes the AP NZP CSI-RS is not present

[bookmark: _Hlk500865557][bookmark: _Hlk508187268]For Alt. 1, although symbol level resource de-mapping can still be achieved, additional timing requirement is needed. However, in [1], it is stated that ‘If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUSCH or PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged.’. In other words, the PDSCH processing time doesn’t take into account the presence of another PDCCH after the scheduling PDCCH. During PDSCH transmission, if gNB triggers AP NZP CSI-RS which overlaps with the PDSCH, UE may not have enough time to provide a valid HARQ-ACK message.
For Alt. 2, the actual PDSCH processing time is not affected. However, without considering the presence of AP NZP CSI-RS, the possibility of PDSCH decoding failure will increase.
In our opinion, neither of this two alternatives is preferred. In order to guarantee valid HARQ-ACK message as well as successful PDSCH decoding, such case should be avoided.
Proposal 4: During PDSCH reception, UE is not expected to rate match around AP NZP CSI-RS triggered by PDCCH, if the monitoring occasion of the PDCCH is later than that of the PDCCH scheduling the PDSCH.

Conclusion
In this contribution, we discuss remaining issues on PDSCH rate matching, and following is proposed:
Proposal 1: If PDSCH is scheduled by a DCI format 1_0, the UE shall assume all the REs corresponding to the union of configured RB-symbol level resource-sets are not available for PDSCH. 
[bookmark: _GoBack]Proposal 2: If a CORESET is configured as a rate matching resource set, the determination of time domain resource of the CORESET should take into account higher layer parameter duration in SearchSpace IE.
Proposal 3: For multi-slot PDSCH, ZP CSI-RS trigger is applied to all the slots of scheduled PDSCH.
Proposal 4: During PDSCH reception, UE is not expected to rate match around AP NZP CSI-RS triggered by PDCCH, if the monitoring occasion of the PDCCH is later than that of the PDCCH scheduling the PDSCH.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Text Proposal for 38.214
======================= Begin of Text Proposal in Section 5.1.4.1 in TS 38.214==================
5.1.4.1	PDSCH resource mapping with RB symbol level granularity
[…]
-	within a BWP, a frequency domain resource of a CORESET with controlResourceSetIdand time domain resource determined by the higher layer parameters monitoringSlotPeriodicityAndOffset, duration 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 symbol level resource set indices forming a union of resource-sets not available for PDSCH dynamically if corresponding bit is equal to 1 in the PDCCH with a scheduling DCI. 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. 
If PDSCH is scheduled by a DCI format 1_0, the UE shall assume all the REs corresponding to the union of configured RB-symbol level resource-sets are not available for PDSCH. 

[…]
======================= End of Text Proposal in Section 5.1.4.1 in TS 38.214 ==================
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