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Introduction
For this meeting, contributions [1-20] highlighted some remaining issues related to maintenance of NR Rel-15. We summarize those and provide some potential proposals for this meeting to correct and complete specification. This is a revision of R1-1809745 and R1-1809776. Other items agreed or pursued in other agenda items have been removed here for brevity.
Capability #2 open items
The following agreements were made in RAN1 #93 with regard to Capability #2 advanced UE processing time. Below we address some of the FFS within these agreements.
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

Agreements:
The Capability #2 UE processing times are given below, where the PDSCH allocation length is assumed to be at least 7 symbols.
· N1
· 15kHz: N1 = 3
· 30kHz: N1 = 4.5
· Note: as part of UE capability, 
· UE may report support with maximum scheduled RB allocation of 136 RBs
· If RB allocation by scheduling exceeds the maximum signaled, UE defaults to Capability #1 processing time
· OR UE may report support with no restriction on maximum scheduled RB allocation
· 60kHz for FR1: 9
· N2 	
· 15kHz: N2 = 5 for CP-OFDM & For DFT-S-OFDM
· 30kHz: N2 = 5.5
· 60kHz for FR1: 11
· If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2.

Support for CA
Several companies mentioned support for extended Capability #2 to CA, though there were more proposals limiting the number of carriers to 1 at most for Capability #2 [Intel, MTK, Panasonic], while [Qualcomm, Huawei, Ericsson] provided various other proposals to allow multiple carriers with Capability #2. For instance, Huawei provides a limitation on the number of carriers to support while Qualcomm indicates an aggregate bandwidth. Panasonic makes the point that at least there may be need for FR1 + FR2 capable devices to support CA across FR1 and FR2, while allowing also for URLLC operation in FR1.

Given the inputs across companies this meeting, the following is proposed as a compromise among the companies for discussion this meeting.


Proposal: 
· For the UE Capability #2 with no scheduling restriction on maximum number of PRB, the following component is added
· Note: this is already Type 3 capability
· Alt 1: Single configured carrier only
· Alt 1a: FR1 + FR2 CA/DC with single configured carrier in FR1
· Alt 2: UE can report X per SCS per band per band combination
· UE supports Capability #2 processing time in any FR1 carrier if # configured carriers in FR1 is <= X, otherwise Capability #1 is assumed 
· Alt 3: UE can report X and Y per SCS per band per band combination
· UE supports Capability #2 processing time on up to X FR1 carriers with [lowest] or highest] serving cell index when # configured carriers <= Y
· Alt 4: UE can report X per band per band combination
· UE supports Capability #2 processing time on up to X carriers with [lowest or highest] serving cell index


PDSCH with 2-symbols and 4-symbols
Both Huawei and Intel proposed to confirm the working assumption and also address the case of 3-symbol CORESET overlap by adding an extra symbol of processing time. Ericsson proposed to confirm but wanted to remove any special handling for 3-symbol CORESETs. Given the complications on the receive side, as well as how useful the case of a control duration finishing after the data allocation in a low latency service, we suggest taking the proposal from Intel below with some modification.
An important note was that the exception for 3-symbol CORESET raised questions regarding how this should be handled when there is also a 2-symbol CORESET. For instance, UE processing does not necessarily reflect the shortest CORESET (since search spaces and candidates are not exactly reflective of CORESET lengths and sizes).
[bookmark: _Hlk522673615]Proposal: Update the working assumption for N1 with Capability #2 and the following change
· (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
· For a DCI received in a 3-symbol CORESET where first 2 symbols of CORESET are overlapped with 2-symbol PDSCH scheduled by this DCI, then d=3

CORESET Bandwidth and #TB limitations
Qualcomm mentioned that having a limit on scheduled bandwidth in the previous meeting should be extended to the CORESET bandwidth so that there is some consistency in the limitations. The following simplified proposal is included here for discussion. 
[bookmark: _Hlk522672516]Proposal: If UE has indicated support for Capability #2 with a maximum number of scheduled RBs = 136
· Then the UE does not expect any CORESET larger than 136 RBs to schedule with Capability #2 processing time. The UE follows Capability #1 otherwise. 

MTK mentioned that it would be important to now separately report the UE capability for #TBs per slot between Capability #1 and Capability #2, now that there has been adoption of Capability #2. The following is proposed for discussion.
Proposal: 
The following UE capabilities should be added
· Duplicate 5-11,5-11a,5-11b for Capability #2
· Note: 5-11,5-11a,5-11b will be associated only with Capability #1
· Duplicate 5-12,5-12a,5-12b for Capability #2
· Note: 5-12,5-12a,5-12b will be associated only with Capability #1


Dynamic operation between Capability #1 and Capability #2
Both Intel and Qualcomm raised issues that in cases where there is a BW limitation for Capability #2, is it important to ensure efficient pipelining and no hardware contention for such operation. Therefore, the following compromise proposal is considered below to reduce the scope.
[bookmark: _Hlk522670626]Proposal (working assumption): For a UE indicating Capability #2 N1 with maximum scheduled RB allocation of 136 RBs
· The UE may skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability #2, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability #1 processing time.

Simultaneous reception with broadcast
Panasonic proposed to require simultaneous reception of broadcast messages while maintaining Capability #2 operation, while Qualcomm proposed to follow the procedure for FR2 and prioritize C-RNTI or SI-RNTI. Given the added complexity for handling processing time with Capability #2, and the complications already addressed in the case of Capability #1 from prior meetings, the proposal from Qualcomm is provided below for discussion.
Proposal: The following agreement is amended to include the new case of Capability #2 unicast traffic in FR1:
· 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
· The first two bullets apply unless TBS of SI-RNTI PDSCH ≤ 2976 for FR1 and the UE is only scheduled C-RNTI PDSCH under operation with Capability #1 processing time, 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

Note: Companies are fine in principle, TP will be prepared
Causality for CA with cross-carrier scheduling
From the previous RAN1 #93, the following points were noted.
Agreements:
· Cross-carrier scheduling should at least satisfy the causality constraints between scheduling PDCCH and PDSCH as for self-scheduling, also taking into carrier timing difference
· Note: in the case of mixed numerology, limitations on the number of symbols to buffer need to be taken into account

Agreements:
· For cross-carrier scheduling across different numerology
· FFS: how to specify additional constraints related to K0 to address the number of symbols which may need to be buffered 

In this meeting, several companies [MTK, HW, QC, Intel] provided proposals for cross carrier scheduling causality to reducing e.g., buffering requirements on UE side. Note that current values in the RRC 38.331 for K0 and K1 now include [0…32], so having minimum K0 scheduling requirements would not hurt the flexibility of NR. So such a requirement would improve implementations. Many companies considered a fixed threshold in specification, while [QC] proposed a UE capability.
The following principle is proposed:
Proposal:
· [bookmark: _Toc521691416][bookmark: _Toc521691417]A minimum k0 threshold should be introduced for cross-carrier scheduling with CIF.
· This should be a constraint k0 ≥ X used for scheduling such that the end of the PDCCH symbol on the scheduling carrier is before the start of the corresponding PDSCH on the scheduled carrier.

Proposal: 
· Consider adoption of the following table with values X FFS

	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	FFS
	0
	
	

	60 kHz
	FFS
	FFS
	0
	

	120 kHz
	FFS
	FFS
	FFS
	0



Additional considerations should be included for FR1 scheduling FR2, as raised by [Qualcomm]
Proposal: 
· For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, the DCI shall carry the TCI state information for the reception of PDSCH. In addition, the offset between the reception of DL DCI and DL PDSCH should be greater than the threshold Threshold-Sched-Offset.
· The minimum k0 threshold should be greater than or equal to Threshold-Sched-Offset.

For k2, there is already a hard requirement for casuality. K2 should accommodate N2 which is defined from the end of the PDCCH on the scheduling carrier, to the start of the PUSCH on the scheduled carrier; It should also accommodate the maximum timing difference between the scheduling and scheduled carriers.
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