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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 and R1-1809838. 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 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] serving cell index when # configured carriers <= Y


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

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 text proposal should be adopted
----------------------------------------------------Begin Text Proposal for 38.214 -----------------------------------------------------------
[bookmark: _Toc517439443]5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged text omitted>
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI requires Capability #2 processing time according to subclause 5.3 in which case the UE may skip decoding of that scheduled PDSCH.
On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time in non-overlapping PRBs. 
The UE is expected to decode a PDSCH scheduled with C-RNTI or CS-RNTI during a process of autonomous SI acquisition. 
-----------------------------------------------------End Text Proposal for 38.214 ------------------------------------------------------------
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:
Observation:
· [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: 
· When the configured with Case 1-1 PDCCH monitoring, a UE is not expected to be cross-carrier scheduled PDSCH with CIF unless K0>=X according to Table 1. (Select between Alt 1 and Alt 2)

	Alt 1: Table 1. Proposed minimum values X

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

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	1 (35.71us margin)
	1
	0
	

	120 kHz
	2 (35.71us margin)
	1 (17.86us margin)
	1 (53.57us margin)
	0



	Alt 2: Table 1. Proposed minimum values X

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

	15 kHz
	0
	
	
	

	30 kHz
	1 (285.7us)
	0
	
	

	60 kHz
	2 (285.7us)
	1 (142.9us)
	0
	

	120 kHz
	3 (160.7us)
	2 (142.9us)
	2 (178.6us)
	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. 
· The UE does not expect the first symbol of the PDSCH to start less than Threshold-Sched-Offset away from the last symbol of the scheduling PDCCH.

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.
Configurability of K1 and K0/K2
This meeting, Ericsson proposed to amend K1 values to address some TDD configurations for which the current set of RRC parameters would be insufficient. Currently, the set is only limited to the values from 0 to 8, though the field may be larger.
From the last meeting, there was an observation that the set of RRC values for K0 are also limited and cannot properly address all configurations for CA with mixed numerology. Therefore, is was proposed to add values 6 and 7 to be complete and aligned with K2.
This meeting we combine these two proposals.
Since Monday offline, more companies this meeting for the K1 change have voiced their support and include at least
· Ericsson
· Docomo
· AT&T
· Nokia
· CMCC
· Panasonic
· MediaTek
· KDDI

Proposal:
[bookmark: _GoBack]Send LS to RAN2 to requesting them to make [0..15] applicable for K1.
· Note that from 38.331 vf2, RAN2 already has [0…15] as values.

	dl-DataToUL-ACK							SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)											OPTIONAL,	-- Need M

· But in the field description below, the range is limited. Removing this limitation in the field description will enable the requested change.
· 
	PUCCH-Config field descriptions

	dl-DataToUL-ACK
List of timing for given PDSCH to the DL ACK. In this version of the specification only the values [0..8] are applicable. Corresponds to L1 parameter 'Slot-timing-value-K1' (see TS 38.213, section FFS_Section).



During the meeting, the following was noted upon review of the latest RRC parameters and allowed configurations. It should be noted that the following larger values for K0 and K2 were introduced for BWP switching after certain RAN4 agreements were made on the switch times, in order to accommodate those values for DCI-based triggering. However, the intent was also not to expect continuously scheduled data with such large values of slot timing persistently being used, especially given the maximum number of HARQ processes is 16. Moreover, the baseline behaviour for out-of-order HARQ does not necessarily preclude these cases, therefore the following is proposed to make the requirements clear on UE side.
Conclusion: 
The following are noted by RAN1 as already supported in 38.331
· The scheduling parameters K0 and K2 may be configured from the set of values {0,1,2,3,…,32}

Proposal: 
· The UE is not expected to buffer more than 16 scheduling DCI for PDSCH on a given serving cell
· The UE is not expected to buffer more than 16 scheduling DCI for PUSCH on a given serving cell

References
[1] [bookmark: _Ref516255951]R1-1808105	Remaining issues on data scheduling and HARQ	Huawei, HiSilicon
[2] R1-1808210	Remaining Issues of NR scheduling and HARQ process	ZTE
[3] R1-1808226	Remaining issues on scheduling and HARQ	vivo
[4] R1-1808261	Remaining issues of DLUL data scheduling and HARQ procedure	MediaTek Inc.
[5] R1-1808380	Corrections to DL/UL scheduling and HARQ management	CATT
[6] R1-1808492	Discussion on DL/UL data scheduling and HARQ procedure	LG ELECTRONICS
[7] R1-1808674	NR scheduling and HARQ procedures	Intel Corporation
[8] R1-1808755	Remaining Issues on UL/DL Scheduling	Samsung
[9] R1-1808808	Remaining issues on DL/UL data scheduling and HARQ procedure	Spreadtrum Communications
[10] R1-1808870	Maintenance for DL/UL data scheduling and HARQ procedure	Panasonic Corporation
[11] R1-1808887	Text proposal for DL/UL data scheduling and HARQ procedure	Guangdong OPPO Mobile Telecom
[12] R1-1809051	38.214 Text Proposal to align PUSCH-AllocationList and PDSCH-AllocationList to ASN.1	SPRINT Corporation
[13] R1-1809060	Remaining details on PDSCH time domain resource allocation	AT&T
[14] R1-1809110	Remaining issues on Msg3 PUSCH frequency resource allocation	Sharp
[15] R1-1809143	Maintenance for DL/UL data scheduling and HARQ procedure	NTT DOCOMO, INC.
[16] R1-1809297	Discussion on Remaining issues on HARQ-ACK bundling and multiplexing	China Telecommunications
[17] R1-1809322	Remining issues on DL/UL data scheduling and HARQ procedure	WILUS Inc.
[18] R1-1809392	Remaining issues on resource allocation and UE processing times	Nokia, Nokia Shanghai Bell
[19] R1-1809407	Maintenance issues of DL/UL data scheduling and HARQ procedure	Ericsson
[20] R1-1809428	Maintenance for DL/UL data scheduling and HARQ procedure	Qualcomm Incorporated
[21] Chairman’s Notes, RAN1 #92bis, April 2018, Sanya, China.
[22] Chairman’s Notes, RAN1 #93, May 2018, Busan, Korea.
[23] [bookmark: _Hlk521525799]R4-1805766, “LS on UE Rx/Tx Transition Times”, RAN4 LS to RAN1



2/9
