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Introduction
This document discusses the remaining issue on DL/UL data scheduling and HARQ procedure. It contains following topics.
- Clarification of simultaneous reception of PDSCH
- Aggressive capability #2
- DL/UL symbol collision handling
- Processing time of cross-carrier scheduling with mixed numerology

Discussion
Clarification of simultaneous reception of PDSCH
In the RAN1#93 meeting following was agreed.
	Agreements:
· For UE behavior in RRC_IDLE, if PDSCHs among SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH are overlapped with at least one symbol for a given UE from the primary cell
· NR supports UE to decode up to two PDSCH simultaneously in Pcell, but not more than two (if more than two are received, the decoding prioritization is up to UE implementation)
· Note: the above assumes that all the PDSCHs to be decoded by the UE have non-overlapped PRBs

Agreements:
The following working assumption as part of the previous agreement is confirmed with updates:
· While UE acquires SI upon being triggered by Paging DCI
· UE is not required to decode C-RNTI PDSCH if the SI-RNTI PDSCH is overlapped with at least one symbol
· In case UE autonomously monitors SI-RNTI PDCCH while monitoring C-RNTI PDCCH, and both SI-RNTI PDSCH and C-RNTI PDSCH are overlapped with at least one symbol, the UE is not required to decode SI-RNTI PDSCH
· (Working assumption) The first two bullets apply unless TBS of SI-RNTI PDSCH ≤ 2976 for FR1, then UE decodes both SI-RNTI PDSCH and C-RNTI PDSCH
· Note: the above assumes that the PDSCHs to be decoded by the UE have non-overlapped PRBs
· The first two bullets always apply in FR2



TS38.214 section 5.1 captures above agreement but we think some points needs to be further agreed or corrected.
- For RRC_IDLE, up to two PDSCH decoding in PCell among SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH was agreed but no conclusion on RRC_INACTIVE. Our view is RRC_IDLE and RRC_INACTIVE can be same handling because of the following.
- In RRC_INACTIVE, UE acquires System information similar to RRC_IDLE. This includes ETWS or CMAS.
- In RRC_INACTIVE, UE monitors a Paging channel for CN paging and RAN paging.
- In RRC_INACTIVE, random Access procedure is carried out based by the request from higher than RRC layers when the UE needs to transit from RRC_INACTIVE state to RRC_CONNECTED state or by RRC layer to perform a RNA update or by RAN paging from NG-RAN.
- For FR1, RAN1 agreed max TBS of 2976 bits is supported for PDSCH by SI-RNTI from physical layer perspective. Therefore, it is not required to describe the case TBS is larger than 2976 bits.
- SI-RNTI PDSCH simultaneous reception is supported only PCell.
- "The UE is not expected to" would be used when the network does not configure/operate such situation. This is reasonable for the collision between C-RNTI PDSCH and CS-RNTI PDSCH. On the other hand, "the UE is not required to" would be more reasonable description for the collision related to RA-RNTI PDSCH and SI-RNTI PDSCH related action as the network is not able to avoid such configuration but UE take prioritization. 
- C-RNTI PDSCH and CS-RNTI PDSCH is not only scheduled by PDCCH but also SPS.
- Although "P-RNTI triggered SI acquisition" and "autonomous SI acquisition" are agreed wording in RAN1, the exact meaning can be a bit ambiguous. According to section 5.2.2.2.1 RRC CR for standalone, following cases are described.
1. upon cell selection (e.g. upon power on), 
2. cell-reselection, 
3. return from out of coverage, 
4. after reconfiguration with sync completion, 
5. after entering NR-RAN from another RAT, 
6. upon receiving an indication that the system information has changed, 
7. upon receiving a PWS notification (i.e. ETWS and CMAS)
8. whenever the UE does not have a valid version of a stored SI.
Our understanding is "P-RNTI triggered SI acquisition" means case 6 and 7. Although RAN1 specification describes these cases explicitly are possibility, what cases prioritize SI-RNTI PDSCH would be more RAN2 expertise area and future maintenance can be smooth. Therefore, we propose the condition to prioritize SI-RNTI PDSCH is described in RRC.
Note: RAN2 ASN.1 review for standalone has following note in section 5.2.2.3.1 for SIB1 reception. The conditions of SIB reception should be described in one specification like RRC for avoiding misunderstanding and maintenance reason. 
The UE is only required to acquire broadcasted SIB1 if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located." 
Based on above points, we propose following text proposal.
	[bookmark: _Toc510988161]5.1	UE procedure for receiving the physical downlink shared channel
<skip>
The UE is not expected to decode a PDSCH scheduled in the primary cell with C-RNTI and another PDSCH scheduled in the primary cell with CS-RNTI or with SPS if the PDSCHs partially or fully overlap in time.
The UE is not required expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or with SPS if another PDSCH in the same cell scheduled with RA-RNTI partially or fully overlap in time.
The UE in RRC Idle RRC_IDLE and RRC_INACTIVE mode shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.
On a frequency range 1 PCcell, the UE shall be capable is not expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI or with SPS and a PDSCH scheduled with if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH with a TBS > 2976 bits scheduled with SI-RNTI even if partially or fully overlap in time.
On a frequency range 2 PCcell, according to higher layers, the UE is not requiredexpected to decode either a PDSCH scheduled with C-RNTI or CS-RNTI or with SPS if in the same cell, during a process of P-RNTI triggered SI acquisition, another  or a PDSCH scheduled with SI-RNTI partially or fully overlap in time. 
On other than PCell, the UE is not expected to decode more than one PDSCH if partially or fully overlap in time. 
The UE is expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI during a process of autonomous SI acquisition.



Proposal 1: The PDSCH reception up to two is applied also to RRC_INACTIVE similar to RRC_IDLE.
Proposal 2: The condition to prioritize SI-RNTI is described in RRC instead of to describe autonomous SI acquisition. If RAN1 specification is better, it should be described as "upon receiving an indication that the system information has changed or upon receiving a PWS notification".
Proposal 3: To remove the description of TBS > 2976 bits in FR1.
Proposal 4: To clarify "in other than PCell, UE is not required to decode more than one PDSCH", which include PSCell.
Proposal 5: To modify from "not expected" to "not required" as the network needs to configure the case to transmit both C-RNTI PDSCH and SI-RNTI PDSCH but UE is not required to receive both. 
Proposal 6: To clarify "PDSCH with SPS" is same handling with "PDSCH scheduled with C-RNTI or CS-RNTI".

Aggressive capability #2 
In the last RAN1 meeting, aggressive capability #2 was agreed as following. 
	Agreements:
The Capability #2 for (Aggressive) UE processing time in Rel-15 is supported under the following conditions
· Non-CA
· Note: this does not preclude EN-DC
· FFS CA case with Capability #2 supported on only one or more of the carriers, and potential handling of some special cases
· Single numerology for PDCCH, PDSCH, and PUSCH for the serving cell
· PDSCH/PUSCH allocation with mapping Type A and Type B
· For PDSCH mapping type A with last PDSCH symbol ending in symbol ‘i' of a slot, where i < 7 
· N1 processing time is increased by (7-i) relative to the case where i=7.
· (Working assumption) For PDSCH mapping type B with 4 or 2 symbols
· N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
· FFS: handling of 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH
· No UCI multiplexing
· FFS: whether similar multiplexing rule as with Capability #1 may be included
· For C-RNTI
· FFS: simultaneous reception with broadcast PDSCH
· Note: The UE signals whether Capability #2 is supported for each SCS, and separately for uplink and downlink



We have following views.
- Currently only non-CA case is supported. We think aggressive UE processing capability in FR1 when UE is operating CA between FR1 and FR2 is important as URLLC can be mainly operated in FR1. We expect the HW sharing between FR1 and FR2 can be less possibility. Therefore, at least in case FR1 and FR2 respective only 1 CC case and total 2 CC case, we propose to support aggressive UE processing time in FR1.
- No UCI multiplexing was only agreed. In case new-RNTI or new MCS for URLLC is used for the scheduling of PUSCH, no UCI multiplexing regardless of other UCI condition should be supported. In case of the other RNTIs, similar to capability #1, to extend the processing time should be supported.
- Simultaneous reception with broadcast PDSCH is FFS. For network side, when UE is receiving broadcast PDSCH is unknown. Therefore, simultaneous reception with broadcast PDSCH should be supported in the condition of aggressive UE processing for FR1. If it is not agreeable, new-RNTI or new MCS for URLLC should be prioritized compared with broadcast PDSCH.

Proposal 7:  Aggressive capability #2 is supported when one CC in FR1 and one CC in FR2 case.
Proposal 8:  In aggressive capability #2, when new-RNTI or new MCS for URLLC is used, no UCI multiplexing is operated. When other RNTI is used, similar to capability #1, to extend the processing time should be supported.
Proposal 9:  Simultaneous reception with broadcast PDSCH is supported for aggressive capability #2 for FR1. 

DL/UL symbol collision handling 
In the last RAN1 meeting, DL/UL symbol collision handling was agreed as following.
	Agreements:
· UE is not required to receive on a downlink symbol and then transmit on a uplink symbol if those two symbols are not separated by at least Rx2Tx us on unpaired spectrum for a given serving cell, from the UE perspective
· Discuss further whether it’s an error case or to specify a UE behavior
· Note that the exact value of Rx2Tx has been specified in RAN4 [R4-1805766]



 
We see following issues.
- "Not required" is applied only "to receive on ..." or is applied to both "to receive ..." and "then transmit ..." are unclear. We are fine either of the limitation but we think this needs to be clarified. 
- Only "a symbol" is addressed by the limitation. For PDSCH or PUSCH with multiple symbols reception or transmission, it can imply the remaining symbols need to be handled correctly by puncturing. We think such rule makes UE implementation complex. Therefore, the whole channel is not required to handle properly if the sufficient separation is not provided by the gNB.
- Current text is only addressed in a cell (one carrier). If multiple CCs are in the same band or adjacent bands, the same rule should be applied.
The following is TP to address above.
If the end of DL symbol on carrier X and the beginning of UL symbol on carrier Y are not separated by at least Rx2Tx us from the UE perspective, UE is not required to receive on a downlink channel which contains the DL symbol on carrier X and is not required to transmit an uplink channel which contain the UL symbol on carrier Y. The carrier X and the carrier Y are the carriers in the same band and the band defined in [38.101].
Proposal 10:  DL/UL collision case text should be clarified on the following points.
-  To clarify "not required" is only Rx or both Rx/Tx
- The whole channel is not required to handle properly if the condition of Rx2Tx us is not satisfied.
- CA/DC within the band or adjacent bands case should be addressed.

Processing time of cross-carrier scheduling with mixed numerology 
PDSCH processing time for cross scheduling with mixed numerology is determined by the lower subcarrier spacing between scheduling cell and scheduled cell as described below. Similarly, PUSCH processing time is also based on the lower subcarrier spacing between scheduling cell and scheduled cell. 
	TS38.214 section 5.3.

[bookmark: _Hlk500865557][bookmark: _Hlk508187268]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. 
-	N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211].



The processing time is sum of PDCCH and PDSCH decoding and how processing time is shared between PDCCH and PDSCH are up to UE implementation.
When CIF is used in cross-carrier scheduling, which cell is scheduled is only known after the PDCCH is decoded. If CIF value indicates scheduled cell equals scheduling cell, PDCCH and PDSCH are same numerology case. If CIF value indicates scheduled cell is not equal to scheduling cell, PDCCH and PDSCH can be same or different numerology depending on CIF value. How long PDCCH/PDSCH decoding time is available is determined dynamically based on CIF value is not reasonable in our view. The PDCCH processing time should be known in advance for UE before to decode CIF value. Two options are identified. 
Option 1:	PDCCH processing time requirement is based on the highest subcarrier spacing among all scheduled cells.
Option 2:	PDCCH processing time requirement is based on the lowest subcarrier spacing among all scheduled cells.
We think to use the lowest subcarrier spacing among all scheduled cells in line with current agreement. Therefore, we propose option 2.
Proposal 11:  When cross-carrier scheduling with mixed numerology with CIF is used, µPDSCH and µPUSCH are the lowest subcarrier spacing among the scheduled cells indicatable by CIF.


Conclusion
We discussed the remaining issues on DL/UL scheduling and HARQ management. We propose following. 
Proposal 1: The PDSCH reception up to two is applied also to RRC_INACTIVE similar to RRC_IDLE.
Proposal 2: The condition to prioritize SI-RNTI is described in RRC instead of to describe autonomous SI acquisition. If RAN1 specification is better, it should be described as "upon receiving an indication that the system information has changed or upon receiving a PWS notification".
Proposal 3: To remove the description of TBS > 2976 bits in FR1.
Proposal 4: To clarify "in other than PCell, UE is not required to decode more than one PDSCH", which include PSCell.
Proposal 5: To modify from "not expected" to "not required" as the network needs to configure the case to transmit both C-RNTI PDSCH and SI-RNTI PDSCH but UE is not required to receive both. 
Proposal 6: To clarify "PDSCH with SPS" is same handling with "PDSCH scheduled with C-RNTI or CS-RNTI".
Proposal 7:  Aggressive capability #2 is supported when one CC in FR1 and one CC in FR2 case.
Proposal 8:  In aggressive capability #2, when new-RNTI or new MCS for URLLC is used, no UCI multiplexing is operated. When other RNTI is used, similar to capability #1, to extend the processing time should be supported.
Proposal 9:  Simultaneous reception with broadcast PDSCH is supported for aggressive capability #2 for FR1. 
Proposal 10:  DL/UL collision case text should be clarified on the following points.
-  To clarify "not required" is only Rx or both Rx/Tx
- The whole channel is not required to handle properly.
- CA/DC within the band or adjacent bands case should be addressed.
Proposal 11:  When cross-carrier scheduling with mixed numerology with CIF is used, µPDSCH and µPUSCH are the lowest subcarrier spacing among the scheduled cells indicatable by CIF.
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1. http://www.3gpp.org/ftp/Email_Discussions/RAN2/ASN1%20review/TS%2038331%202018-06%20Phase%202/ RAN2 ASN.1 review phase 2
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