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Introduction
This summarizes the issues raised in the contributions for RAN1 #93 in [1-20]. Proposals are provided for discussion toward consensus this meeting. 

The topics span the following areas.
· Simultaneous reception of PDSCH (RRC_IDLE and RRC_CONNECTED)
· UE Processing time Cap#1
· Back-to-back, PDCCH overbooking, HARQ-ACK and CSI multiplexing, mixed numerology
· UE Processing time Cap#2
· Conditions for support in Rel-15 and final values
· HARQ-ACK timing indication and feedback, HARQ management
· Rx-to-Tx switching time
· URLLC aspects
· Intra-UE service multiplexing, HARQ feedback and management

Simultaneous reception of PDSCH
The issues in this section have been resolved. Please see the previous version R1-1807681 for details.
UE processing time
Back-to-Back Scheduling
In the last RAN1 #92b, concerns were raised in the pipelining efficiency for back-to-back scheduling of PDSCH.

Conclusion:
Consider whether further handling on UE processing time may be needed in the following cases
· [bookmark: _Hlk511846103]L1 is the length (in symbols) of a first PDSCH allocation
· L1-dmrs is location of last DMRS in the allocation 
· L2 is the length (in symbols) of a second PDSCH allocation
· L2-dmrs is location of last DMRS in the allocation 
· g is the delay (in symbols) between the first and second PDSCH allocation
· In case where L1 – L2 – g > 0
· The DMRS locations between the first and second PDSCH allocation are different

This was still made in light of one agreement which alleviated the issue.

Agreements (RAN1 #92b):
The following text proposal is adopted to clarify that N1 processing time at least follows the semi-static configuration for DMRS, and not that resulting from the allocation. 
------ Text Proposal for TS 38.214 Subclause 5.3 ------
-	N1 is based on µ of table 5.3-1 that corresponds to the min (µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted. If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1  value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.

Several contributions this meeting [Huawei 1, Ericsson 2, Samsung 10, MediaTek 11] revisited the issue. Here we focus on back-to-back scheduling of long and short PDSCH allocations, but separately in terms of the demodulation and decoding time impact. See illustrated below.


Figure 3.1-1. Current processing time specification

First with regarding to demodulation, the most critical aspect to pipelining in the discussions in RAN1 #92b was knowing the state of “Additional PDSCH DM-RS configured” as in Table 5.3-1 of 38.214 was applied across both packets. Although the previously mentioned agreement fixed this case, [Huawei 1] noted there may still be some ambiguity in light of 38.331 and 38.211.
· Note that 38.211 subclause 5.3 (also see TP above) at the time of the agreement, used only 1 higher layer parameter dmrs-AdditionalPosition that was shared (i.e., enabled together) between both PDSCH mapping Type A and Type B.
· The technical understanding is that the physical wireless channel exhibits high Doppler regardless of PDSCH mapping Type, so if additional DMRS is needed for proper channel estimation and interpolation, then it should apply in all cases. There may be some slight optimization is using a different value for PDSCH mapping Type A vs. Type B (e.g., 4 vs 2, respectively) as noted in the MIMO session, since the lengths of Type A go up to 14 but Type B go up to 7. There are separate parameters for these cases, namely dmrs-TypeA-Position and dmrs-TypeB-Position.
· However, the structuring in 38.331 has two separate higher layer parameters for PDSCH mapping Type A and mapping Type B. (This may be ambiguous / inconsistent with 38.211.) [Huawei 1] further follows the interpretation and find issues with pipelined implementation, i.e., pipelining the distributed DMRS pattern PDSCH followed by a front-loaded DMRS pattern PDSCH would lead to front-loaded N1 timeline violation at the 2nd PDSCH.

[image: ]
Figure 3.1-2. UE processing timeline for two continuous PDSCHs 
with different additional DMRS configurations (from [1])


Therefore, we amend the previous agreement with understanding during the agreements last meeting. Note that 38.214 should also be updated to be more consistent with the higher layer configuration structure in 38.331, and would address other comments such as those raised in [MediaTek, 11]. 

Proposal: (agreed online Monday evening)
------ Text Proposal for TS 38.214 Subclause 5.3 ------
N1 is based on µ of table 5.3-1 that corresponds to the min (µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted 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] If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0  (at least for one of PDSCH mapping Type A or B) or if the high layer parameter is not configured (at least for one of PDSCH mapping Type A or B), then N1 value follows from the second column of table 5.3-1; otherwise, the N1 value follows from the first column of table 5.3-1.
------ End of Text Proposal ------

Check with editor offline
The DMRS procedure in described in 38.214 subclause 5.1.6.2 should not preclude front-loaded configuration and corresponding N1 timing for unicast traffic.

Note that because of this agreement, the demodulation of the shorter PDSCH allocation can be delayed until the decoding of the earlier long-PDSCH allocation has completed, and the N1 timeline can still be met since there are less symbols which need to be decoded on the shorter PDSCH. 

Conclusion: From a demodulation standpoint, no further relaxation is needed for back-to-back scheduling.

However, there is one remaining complication which, raised in a different agenda item for soft buffer management from [Huawei, 21]. As can be seen in Figure 3.1-1, when a TB originating from a long PDSCH (e.g., 14 symbols) is re-transmitted on a short PDSCH (e.g., 7 symbols), hardware that has been efficiently pipelined for the peak rate of the 14-symbol PDSCH case may not be able to decode this TB on the re-transmission. Shorter allocation time only means less parity bits, but the number of CBs still reflects the long PDSCH. (Note this issue also arises when the re-transmission occurs on a different BWP with a higher SCS than the initial transmission.)

It was further proposed in [Huawei, 21] to completely change the LBRM text in 38.212 in order to accommodate the decoding time differences in short and long PDSCH. Although this might fix the problem, such proposal would essentially break any possibility of re-transmissions to PDSCH’s with different durations from the initial transmission, and de-stabilizes the specification considerably (potentially introducing new problems). 

For further considerations offline
· Re-transmissions with many CBs (i.e., cannot fit in the time-domain allocation with code rate ≤ 1)
· Soft-buffer LBRM with different durations and possible impact to timeline
· Broadcast preceding unicast

Timeline with PDCCH overbooking
One proposal from [Huawei 1] expressed concern for the late introduction of PDCCH overbooking in the CR phase, and its impact on UE processing time. Rather than discuss potential relaxations, it is recommended to wait until the PDCCH design is complete. (It should be noted that further optimizations on PDCCH search space should take timeline concerns into account.)
HARQ-ACK multiplexing
There was an issue raised by [MediaTek, 11] whereby the HARQ-ACK multiplexing which may be dynamically updated based on DCI may violate the N2 processing time budget for packet preparation given to the UE. Therefore, the following proposal should be considered, but discussed jointly with HARQ-ACK multiplexing in CA session.
(To be discussed with CA) Proposal: UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols.
CSI processing time
In the previous meeting, some inconsistent agreements regarding multiplexing with CSI and UL-SCH (data on PUSCH) in the MIMO session, i.e., the processing time of CSI multiplexing with Ul-SCH can be faster than with UL-SCH alone on PUSCH. The agreement is provided below, with two examples in red where N2 is longer. Z corresponds to the time between the DCI trigger and the report.

Agreement (RAN1 #92b)
· Adopt the following (Z,Z’) values for Low Latency CSI class for normal UE capability for the Type A and Type B UE CSI processing capabilities:
For normal UE capability (assuming single CSI report, single CMR/IMR)
	
	For Type A CSI processing capability
	For Type B CSI processing capability

	
	CSI only
	CSI+UL-SCH
	CSI only
	CSI+UL-SCH

	Low latency CSI
	15 kHZ
	Z
	5
	6 (note N2=10) 
	22
	32

	
	
	Z'
	3
	4 
	15
	25

	
	30 kHZ
	Z
	9
	10 (note N2=12)
	25
	37

	
	
	Z'
	6
	7
	16
	28

	
	60 kHZ
	Z
	17
	18 (note N2=23)
	34
	57

	
	
	Z'
	12
	13
	25
	48




In RAN1 #91, multiplexing of HARQ-ACK with PUSCH was proposed using a framework whereby the UE would have sufficient processing time for both UCI and PUSCH with an additional margin of 1 symbol for multiplexing. 

Agreements: (RAN1 #91)
In the case of multiplexing HARQ-ACK with uplink data on PUSCH
· N1’ the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH from UE perspective
· N1’ ≥ N1 + d where N1 is based on the UE capability for ACK-only
· N2’ the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding the same PUSCH transmission from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d = [1] symbols
· UE is not expected transmit the HARQ-ACK multiplexed with uplink data if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
· FFS: how to much time is needed to multiplex CSI reports, depending on outcome from MIMO session.

The same framework has been proposed by [Huawei, 1] and modified slightly below.

(To be discussed with CSI reporting session) Proposal:  In the case of multiplexing CSI with uplink data on PUSCH, the MIMO session should update agreements related to CSI multiplexing with UL-SCH (i.e., data on PUSCH), and NR should adopt the framework below:
· Z’’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the DCI triggering a CSI report on PUSCH to the earliest possible start of the corresponding CSI transmission on PUSCH from UE perspective
· Z’’ ≥ Z + d where Z is based on CSI-only processing time from the MIMO session
· N2’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant to the earliest possible start of the corresponding PUSCH from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d symbols
· FFS value of d <= N2
· E.g., d=1
· E.g., d=1 for 15kHz, 2 for 30kHz, 3 for 60kHz, and 4 for 120kHz
· E.g., d=N2
· UE is not expected transmit the CSI multiplexed with uplink data if the network set the values of K2 and SLIV without leaving sufficient time for UE processing

DL SPS Release and Group TPC
The following was raised by [Ericsson, 2] as a way forward from last meeting.

Proposal: The following working assumption should be confirmed with the changes to reduce processing time to N2 when N2 is exceeded.

Working assumption:
· The processing requirement for HARQ-ACK in response to DL SPS release is N OFDM symbols from last symbol of the corresponding PDCCH for UE Capability #1:
· 15 kHz case: 8 + 2 5
· 30 kHz case: 10 + 2 5
· 60 kHz case: 17 + 5
· 120 kHz case: 20 + 5


The activation time for power control commands was also raised by [Ericsson, 2]. Further discussion is needed throughout the week since this was not raised by others, but we provide a proposal for offline review.

Proposal: Apply group-PUSCH-TPC (or group-PUCCH-TPC) command with a delay of N2 symbols. In the case of mixed numerology, the N2 reflects processing time associated with the smallest subcarrier between the uplink and the downlink.

BWP switching consideration
The following observation on processing time was raised by [Samsung, 10], that the minimum processing time for N2 should be increased by the BWP transition time. A diagram is provided below. We note that this should be handled primarily in the BWP session, and moreover it might be better than RAN4 times may be specified with this in consideration.

[image: ]
Figure 3.6. BWP switching between consecutive PUSCH transmission [10]
CA and mixed numerology 
Multiple contributions were provided in this session from [LGE 9, MTK 11, and Qualcomm 19] regarding CA and mixed numerology. For scheduling related aspects, the proposal should be discussed in coordination with the CA session.

However, in one case more relevant to processing time, the following should be considered to clarify the existing text. This is related to the concern raised in [Qualcomm, 19] when numerologies between PDCCH and PDSCH may differ, and the pipelined of decoded PDSCH may take longer due to the late start from PDCCH.



Figure 3.7-1. Scheduling of mixed numerology between PDCCH and PDSCH [19]

Proposal: The following text proposal should be adopted to account for mixed numerology between the scheduling PDCCH and the PDSCH.
---- Text Proposal for 38.214 ----
5.3 UE PDSCH processing procedure time

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 that corresponds to the min (µDL,PDCCH, µDL,PDSCH, µUL) where the µDL,PDCCH corresponds to the subcarrier spacing of the downlink with which the PDCCH was transmitted, µDL,PDSCHµDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted, 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] If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1 value follows from the second column of table 5.3-1; otherwise, the N1 value follows from the first column of table 5.3-1.
---- End of Text Proposal ----

Capability #2
In the last meeting the following was conclusion was captured below. Here, Table 2 has also been updated to include values provided by companies in this meeting in red.

Conclusion: (RAN1 #92b)
At least for the following conditions below, the processing times listed in Table 3.8 have been considered as potential candidates for specification of Capability #2, although there has been no conclusion on the final value.
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH allocation with at least 7 symbols is supported
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· FFS: More than one PDSCH and/or PUSCH case
· Single CC
· FFS: CA case with and without cross-carrier scheduling
· For C-RNTI only
· FFS: also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE
· FFS: whether Capability #2 relaxation is applied dynamically depending on conditions
· Note: Companies are also encouraged to provide processing times for 60kHz (FR1)
· Note: Companies are also encouraged to provide conditions under which more aggressive processing times (within the range) could be enabled

Table 3.8. UE Processing Times for Capability #2
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS (FR1)

	Front-loaded DMRS only
	N1
	Symbols
	92b: [2.5-4] 
HW: 3
E: 2.5
I: 3
S: 3
MTK: 4, 32,3
Q: 2.5

	92b: [2.5-6]
HW: 5, 42
E: 2.5
I: 4
S: 5
MTK: 5, 42,3
Q: 2.5
	92b: (none)
HW: 9, 72
I: 8
Q: [5-12]

	Frequency-first RE-mapping
	N21
	Symbols
	92b: [2.5-6]
HW: 3
E: 2.5
I: 4
S: 5.5
MTK: 6, 52,3
Q: 2.5
	92b: [2.5-6]
HW: 6
E: 2.5
I: 4
S: 5.5
MTK: 6
Q: 2.5
	92b: (none)
HW: 12
I: 10
Q: [5-12]



· 1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
· 2If the bandwidth is ½ of the maximum possible bandwidth
· 3If no UCI multiplexing and with reduced BD/CCE limits

(Nokia has indicated interest in supporting same values as Ericsson.) Note in the above table, the set of further limitations was added by companies to enable lower processing times. At the same time, the set of additionals conditions was also provided by companies (not shown above) so Capability #2 could address more use cases involving low latency transmission. 

We note that one important aspect when extending Capability #2 are the Case 2 PDCCH monitoring instances. The following two cases are the only two UE supported DL control features from UE feature discussion.

	3-5
	For type 1 with dedicated RRC configuration, type 3, and UE-SS,, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2
	

	3-5a
	For type 1 with dedicated RRC configuration, type 3, and UE-SS,, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a DCI gap
	For type 1 with dedicated RRC configuration, type 3 and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, with minimum time separation between two unicast DCIs for a same UE as
· 2OFDM symbols for 15kHz
· 4OFDM symbols for 30kHz
· 7OFDM symbols for 60kHz with NCP
14OFDM symbols for 120kHz


 
Since the processing time is more aggressive, it is helpful to further refine the procedures associated with Case 2: PDCCH monitoring.

Conclusion: The following limitation in DL control procedure is beneficial (possible even necessary) from a processing time perspective. 
· FFS whether to capture in specification or as capability.
	(If proposed as capability, this would be in addition to feature 3-5, 3-5a)
	For type 1 with dedicated RRC configuration, type 3, and UE-SS,, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a ocassion gap
	For type 1 with dedicated RRC configuration, type 3 and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, with minimum time separation between two occasions  for any search space, is one or more of the following cases for a given SCS
· 1OFDM symbol
· 2OFDM symbols
· 4OFDM symbols
· 7OFDM symbols



The following proposal aims to conclude the set of conditions under which Capability #2 based on the inputs this meeting.

Proposal:
The Capability #2 for (Aggressive) UE processing time in Rel-15 is supported under the following conditions
· Non-CA
· FFS UE may further signal restriction of this capability to some maximum scheduled RB allocation for the DL and/or UL, e.g., 135 PRBs
· Note: this does not preclude EN-DC
· FFS CA case with Capability #2 supported on only one or more of the carriers
· 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.
· 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
· No UCI multiplexing
· FFS: whether similar multiplexing rule as with Capability #1 may be included
· For C-RNTI only
· FFS: simultaneous reception with broadcast PDSCH
· If any of the above conditions are exceeded by the network configuration or scheduling, 
· UE defaults to Capability #1 processing time.
· Note: The UE signals whether Capability #2 is supported for each SCS

Proposal:
The Capability #2 UE processing times are given below, where the PDSCH allocation length is assumed to be 7 symbols.
· [bookmark: _Hlk514404180]15kHz: 
· N1 = 3
· N2 = FFS
· 30kHz: 
· N1 = FFS
· N2 = FFS
· 60kHz: 
· N1 = [8-12]
· N2 = [10-12]

HARQ-ACK timing indication
0-bit indication (fixed timing)
The following was concluded in the offline summary from last meeting [24], and is revisited here. 

(To be discussed with DCI session) Proposal:
The PDSCH-to-HARQ-timing-indicator field has 0 bits whenever the Slot-timing-value-K1 is configured to only one value.

Note that both [VIVO 4, Lenovo/Motorola 5] both provided support again in their contributions this meeting. This has be benefit of allowing smaller DCI sizes for non-fallback based on RRC configuration.
Handling collision with semi-static TDD
The HARQ-ACK timing for DL SPS using the activation DCI was discussed in previous meetings with no consensus whether to postpone the HARQ-ACK whenever there is a collision with the semi-static TDD configuration. The specification currently is sufficient, and since the network can configure to avoid conflicts this can be resolved in many situations.

In any case, joint discussion with group common PDCCH session should be done to resolve this issue, given the previous agreements regarding collision handling made in that session.

HARQ-ACK codebook
Several contributions were provided for clarification and correction of HARQ-ACK codebook determination by [CMCC 6, LGE 9, DCM 16]. It is recommended to jointly discuss these with CA session.

HARQ management
Out-of-order
In previous meetings, two agreements were made related to the ordering of HARQ processing on the downlink. 

Agreements: (RAN1 Jan AH#1)
For each HARQ process ID, the UE is not expected to receive a scheduled unicast PDSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID
· FFS the time condition under which soft combinining for the same HARQ process ID can be assumed


Agreements: (RAN1 #92)
· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B

In this meeting, multiple companies [Intel 7, MTK 24, Qualcomm 19] proposed to have analogous constraints on the uplink. One company [NOK, 17] proposed to re-define new support for out-of-order HARQ through a dropping rule. In keeping with consistency of agreements, the following are proposed.

Proposal: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI for unicast PUSCH (or PDSCH) transmission A comes before the scheduling DCI for unicast PUSCH (or PDSCH) transmission B, then the (baseline capability) UE is not expected to send the PUSCH (or receive PDSCH) for A after the PUSCH (or receive PDSCH) for B.

The following proposal from [NOK, 17] is also mentioned for further review. Since the discussion is still on-going on whether to differentiate URLLC and EMBB services and how to leverage this differentiation when designing multiplexing rules, it is better to consider those aspects first before revisiting out-of-order HARQ.

(For future consideration with URLCC) Proposal: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, while the HARQ-ACK for B is expected to be transmitted earlier than the HARQ-ACK for A, the UE may stop decoding A and report NACK for A.

CA with mixed numerology
Several contributions discussed CA with mixed numerology, and although the aspects were related to scheduling and HARQ, they were also closely related to other aspects such as PDCCH search space configurations, and CA operation in general. 

Two proposals from [LGE 9, MTK 11] are recommended for joint discussion with other PDCCH and CA sessions.

Proposal: NR adopts one of the following alternatives:
· Alt 1. Cross-carrier scheduling is not supported in Rel-15. 
· Alt 2. Cross-carrier scheduling for aggregated carriers with different numerology is not supported in Rel-15. 
· Alt 3. Divided the UE feature 6-10 cross carrier scheduling into two parts.
· 6-10a cross carrier scheduling across same numerology
· 6-10b cross carrier scheduling across same and different numerology
· Alt 4. For cross-carrier scheduling across different numerology, 
· The reference timing of K0=0 and K2=0 is defined as the first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 
· Additional constraints on K0/K2 should be defined, i.e., K0 > X and K2 > Y. FFS: the values of X and Y depend on the numerology of the scheduling and scheduled CC.

· Proposal: Cross-carrier slot-based scheduling is allowed toward same or later slot only
· Slot timing is defined by the start of the slot
· When larger SCS schedules smaller SCS, overlapping slot is considered as K0=0 or K2=0
· When smaller SCS schedules larger SCS, K0=0 or K2=0 is defined for slot with boundary aligned with that of slot containing the corresponding PDCCH
· Slot timing is defined by the start of the slot
· When HARQ-ACK is transmitted on a carrier with smaller SCS, overlapping slot is considered as K1=0
· When A/N is transmitted on a carrier with larger SCS, K1=0 is defined for slot with end boundary aligned with that of slot for the corresponding PDSCH


Proposal: Following two cases of cross-CC scheduling between the CCs with different numerology are to be supported with consideration of UE processing complexity.
1) Case 1: Cell 1 with smaller SCS (or longer slot) schedules Cell 2 with larger SCS (or shorter slot) where the maximum number of DL/UL scheduling DCIs for a same UE detected via single CORESET or search space is limited.
A. Similar consideration may be necessary even for the case of self-CC scheduling or the single CC case configured with multiple different K0 or K2 values.
2) Case 2: Cell 1 with larger SCS (or shorter slot) schedules Cell 2 with smaller SCS (or longer slot) where the slot location allowable for the DCI transmission (relative to the corresponding DL data transmission) is restricted.
A. One reasonable way from UE perspective is to allow DCI transmission only via the first overlapping DCI slot with the corresponding data slot.

SUL
From the last meeting, the following was captured.

Conclusion:
The existing agreements were made before RAN2 defined SUL and non-SUL as a single serving cell
· One TB is mapped to one DL/UL carrier.
· Re-transmission of a TB cannot take place on different carrier than the initial transmission.
So far this implies for some companies that for SUL, the re-transmission of a TB should not take place on a different carrier than the initial transmission. Other companies believe re-transmission may take place on a different carrier in case of SUL and UL.
· If intention for previous agreement was to be worded “per cell” then it would be restricted to CA
· RAN1 should discuss whether to clarify the existing agreements
· Note: in SUL there is only one cell and one HARQ entity

It was noted by Qualcomm that the current 38.212 may have issues with soft buffer management in the case of SUL, and so the text proposal was provided to clarify operation from UE perspective. Otherwise, companies did not raise issue this meeting. As discussed in the offline summary, some companies indicated this could be solved through implementation of the scheduler. 

The following is noted for further review among companies. If no significant concern to support such text is raised, the current specification may be sufficient.

Proposal: The following text should be captured to reflect that on TB is mapped to one UL carrier, and re-transmission of a TB cannot take place on different carrier than the initial transmission, in the case of SUL.
---- Text Proposal for 38.214 ----
[bookmark: _Toc501048205]6.1	UE procedure for transmitting the physical uplink shared channel
…
For uplink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the uplink is configured to the UE for each cell separately by higher layer parameter [nrofHARQ-processesForPUSCH].
In the case where the UE supports PUSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.

Rx-to-Tx switching time
The Rx-to-Tx switching time and UE behavior has been discussed since Reno #91. Recently, an LS from RAN4 to RAN1 has captured these values in [25]. The following is a proposal based on these previous discussions, and may be used to address the LS further.
Proposal: UE is not expected 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.
· Note that the exact value of Rx2Tx has been specified in RAN4 [R4-1805766]
Proposal: UE is not expected to transmit on a uplink symbol and then receive on a downlink symbol if those two symbols are not separated by at least Tx2Rx us on unpaired spectrum for a given serving cell, from the UE perspective.
· Note that the exact value of Tx2Rx has been specified in RAN4 [R4-1805766]

URLLC related aspects
Intra-UE multiplexing with EMBB
Multiple companies [VIVO 4, LGE 8, OPPO 13, Huawei 14] proposed different approaches for handling parallel reception of EMBB and URLLC downlink simultaneous transmissions. At this point, it is not yet clear what mechanism can be used to differentiate services at the PHY layer, so in some sense it may be too early to discuss exact solutions. The candidates for such cases would be to drop based on prioritization, or to simultaneously decode both. Note that there is further concern that introducing the notion of differentiation should also be accompanied with a new capability, since implementations based on December specification version did not have clarity on this mechanism.

(To discuss with URLLC differentiation) Proposal: If URLLC and EMBB can be differentiated at the physical layer, introduce a UE capability for differentiation. 
· Note that further capabilities, e.g., for prioritized- or simultaneous-reception of URLLC and EMBB traffic, can be introduced, and conditioned upon the capability to differentiate such services.

Other
It is noted that other items were also proposed, e.g., DCI overhead reduction of time domain allocation signaling for URLLC [LGE 8], as well as DCI overhead reduction for HARQ-ACK feedback signaling for URLLC [LGE 8, OPPO 13]. These should be brought up in the time domain resource allocation session, and the PUCCH resource allocation sessions for joint discussion. 
The following are noted below from [LGE 8].

(To be discussed with DCI) Proposal: To minimize DCI overhead, different time-domain resource entries/interpretation from eMBB time-domain resource table is used for URLLC. 

(To be discussed with PUCCH resource allocation) Proposal: RAN1 nedds to study whether or how to enhance HARQ-ACK feedback mechanism such as HARQ-ACK feedback timing and HARQ-ACK codebook determination to support URLLC services efficiently. 
Other
One proposal was given by [DCM, 16] related to the number of PUCCH groups in EN-DC and NR-CA, however it is recommended for this to be discussed in the CA session.
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Appendix 1: Proposals
Huawei, HiSilicon
Proposal 1: If SI-RNTI PDSCH, P-RNTI, and RA-RNTI/TC-RNTI PDSCH for a given UE from the primary cell are overlapped with at least one symbol, 
· if the UE decodes the systemInfoModification from P-RNTI PDCCH, the UE is not required to decode P-RNTI PDSCH, and 
· may skip receiving RA-RNTI (or TC-RNTI) PDSCH if UE acquires SI upon being triggered by Paging DCI. 
· may skip receiving SI-RNTI PDSCH in case UE autonomously monitors SI-RNTI PDCCH.
· Otherwise, the UE decodes P-RNTI PDSCH and may skip receiving other PDSCHs
Proposal 2: For a given PDSCH mapping type configuration, if the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1  value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.
Proposal 3: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, then the UE may not be expected to be triggered to send the HARQ-ACK for A if the earliest feedback time for PDSCH B and the earliest feedback time for PDSCH A is shorter than (N1+g) OFDM symbols, where N1 is the processing time of PDSCH B, g is the number of symbols between the last DMRS symbol and the last data symbol of PDSCH B.
Proposal 4: When UE is required to receive both C-RNTI PDSCH and SI-RNTI PDSCH which are overlapped with at least one symbol, the number of PRBs for SI-RNTI PDSCH is no greater than 1/3 of the channel bandwidth.
Proposal 5: If PDCCH overbooking is used, additional  PUSCH and PDSCH HARQ processing time is needed, where  for SCS 15kHz,  for SCS 30 kHz,  for SCS 60kHz and for SCS 120kHz.
Proposal 6:  In the case of multiplexing HARQ-ACK with uplink data on PUSCH, the network should set the values of K1 and/or K2 greater than max(N1’, N2’).
Proposal 7:  In the case of multiplexing CSI with uplink data on PUSCH
· Z’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the DCI triggering a CSI report on PUSCH to the earliest possible start of the corresponding CSI transmission on PUSCH from UE perspective
· Z’ ≥ Z + d where Z is based on UE CSI computation time
· N2’ is the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant to the earliest possible start of the corresponding PUSCH from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d = [1] symbols
· The network shall set the values of K1 and/or K2 greater than max(Z’, N2’)
Proposal 8: If the PDSCH begins prior to the end of corresponding DCI, additional d symbols relaxation is needed for aggressive capability #2, where d is the number of symbols between the beginning of PDSCH and the end of the corresponding DCI.
Proposal 9: For FR1, when no additional PDSCH DM-RS is configured, adopt the following values for the processing time capability #2 of PDSCH mapping type A and type B with no less than 7 symbols length duration:
· 15 kHz SCS, N1= 3 symbols
· 30 kHz SCS, N1= 5 symbols
· 60 kHz SCS, N1= 9 symbols
Proposal 10: For FR1, frequency-first RE-mapping, adopt the following values for the processing time capability #2 of PUSCH mapping type A and type B with no less than 7 symbols length duration:
· 15 kHz SCS, N2 = 3 symbols
· 30 kHz SCS, N2 = 6 symbols
· 60 kHz SCS, N2 = 12 symbols
Ericsson (URLLC)
Observation 1	With capability 1 NR Rel-15 is not possible to fulfill the 1ms target for 15 kHZ SCS.
Observation 2	PDCCH periodicity smaller than 14 is needed for URLLC.
Observation 3	With PDCCH periodicity 5, N1=2.5, is necessary to achieve the 1 ms target for 15 kHz SCS.
Observation 4	With PDCCH periodicity 2, N1 = 4 is necessary to achieve the 1 ms target for 15 kHz SCS.

The following proposal is made:
1. The following table is adopted for UE processing times for Capability #2 at least for the conditions listed in conclusion from RAN1#92bis
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5


VIVO
Proposal 1: 
· 

The bitwidth of HARQ-Timing indicator field in DCI format 1_1 is determined as ,where  is the number of PDSCH-to-HARQ_feedback timing values provided by higher layer parameter dl-DataToUL-ACK.
· Adopt the corresponding text proposal in section 5.
Proposal 2: 
· For dynamic scheduled PDSCH using DCI format 1_1 without 0bit HARQ-ACK timing indicator field, or DL SPS, UE upon detection of PDSCH in slot n, shall transmit the HARQ-ACK at the first available slot starting from slot n+k, 
· Where k is
· Configured by higher layer parameter dl-DataToUL-ACK, for dynamic scheduled PDSCH, or
· Indicated by the activation DCI for the DL SPS process
· Where the available slot is defined such that
· The slot at least contains unknown or UL symbols given by semi-static TDD configuration
· The determined PUCCH resource for HARQ-ACK transmission is within the indicated unknown or UL symbols given by semi-static TDD configuration (if configured), and these symbols are not indicated as DL symbols by dynamic SFI (if configured).  
VIVO (URLLC)
Observation 1: UE can differentiate eMBB ACK/NACK and URLLC ACK/NACK in PHY layer.
Proposal 1: In case of overlapping in time within a slot between eMBB PDSCH and URLLC PDSCH,
· For UE support simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes both eMBB PDSCH and URLLC PDSCH.
· For UE NOT support simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes URLLC PDSCH and cancels decoding eMBB PDSCH. 
Proposal 2: Further enhancement for semi-static HARQ-ACK codebook for UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception can be considered.
Lenovo
****************TP for TS38.212 *************************
[bookmark: _Toc505960308][bookmark: _Toc508812083]7.3.1.2	DCI formats for scheduling of PDSCH 
[bookmark: _Toc505960309][bookmark: _Toc508812084]7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI:
<Unchanged part omitted>
-	PDSCH-to-HARQ_feedback timing indicator –0 or 3 bits as defined in Subclause 9.2.3 of [5, TS38.213] 
<Unchanged part omitted>

[bookmark: _Toc505960310][bookmark: _Toc508812085]7.3.1.2.2	Format 1_1
DCI format 1_1 is used for the scheduling of PDSCH in one cell. 
The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI:
<Unchanged part omitted>
-	PDSCH-to-HARQ_feedback timing indicator – 0 or 3 bits as defined in Subclause 9.2.3 of [5, TS38.213] 
<Unchanged part omitted>

****************TP for TS38.213 *************************
[bookmark: _Ref500241945][bookmark: _Toc508784702]9.2.3	UE procedure for reporting HARQ-ACK
With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception or a DCI format 1_0 indicating a SPS PDSCH release over a number of symbols where the last symbol is within slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. 
For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, the PDSCH-to-HARQ-timing-indicator field values map to values for a set of number of slots provided by higher layer parameter dl-DataToUL-ACK as defined in Table 9.2.3-1. 
For a SPS PDSCH reception in slot , the UE transmits the PUCCH in slot where  is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or in DCI format 1_1 activating the SPS PDSCH reception if the DCI format for activating the SPS PDSCH reception includes a PDSCH-to-HARQ-timing-indicator field. 
For a SPS PDSCH reception in slot , the UE transmits the PUCCH in slot where  is provided by higher layer parameter dl-DataToUL-ACK if the DCI format for activating the SPS PDSCH reception does not include a PDSCH-to-HARQ-timing-indicator field. 
If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is provided by higher layer parameter dl-DataToUL-ACK.
HARQ-ACK transmission in a PUCCH is subject to the limitations for UE transmissions described in Subclause 11.1 and Subclause 11.1.1. 
Table 9.2.3-1: Mapping of PDSCH-to-HARQ_feedback timing indicator field values to numbers of slots
	PDSCH-to-HARQ_feedback timing indicator 
	Number of slots 

	'000'
	1st value provided by dl-DataToUL-ACK

	'001'
	2nd value provided by dl-DataToUL-ACK

	'010'
	3rd value provided by dl-DataToUL-ACK

	'011'
	4th value provided by dl-DataToUL-ACK

	'100'
	5th value provided by dl-DataToUL-ACK

	'101'
	6th value provided by dl-DataToUL-ACK

	'110'
	7th value provided by dl-DataToUL-ACK

	'111'
	8th value provided by dl-DataToUL-ACK




<Unchanged part omitted>
CMCC
In this contribution, some remaining points on DL/UL scheduling and HARQ management are discussed with following proposals:
	--------------------------------------------------------Text Proposal------------------------------------------------------------
<Omitted the origin text>



;


Set  to the smallest last OFDM symbol index among all rows of ;
end while








end if

;


Proposal 1: The above text proposal should be captured in the Spec regard to semi-static HARQ-ACK codebook generation.
	--------------------------------------------------------Text Proposal------------------------------------------------------------



If a UE is not provided higher layer parameter PDSCH-CodeBlockGroupTransmission for each of the  serving cells, or for PDSCH receptions scheduled by DCI format 1_0, or for SPS PDSCH receptions, or for SPS PDSCH release, and if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in Subclause 7.2.1, as 

	

	--------------------------------------------------------Text Proposal------------------------------------------------------------


If , the UE also determines  for obtaining a PUCCH transmission power, as described in Subclause 7.2.1, with 




Proposal 2: The above text proposals should be captured in the Spec regard to determining HARQ-ACK bits for obtaining PUCCH transmission power.
Observation 1: After sending SPS PDSCH release, the gNB shall reserve the dedicated PUCCH resource or HARQ-ACK bit in the codebook that the UE would feedback candidate SPS PDSCH until explicit ACK for SPS PDSCH release is received.
Proposal 3: For UE configured with DL SPS, the UE shall keep reporting HARQ-ACK information for candidate SPS PDSCH until explicit ACK for SPS PDSCH release is feedbacked. 
Proposal 4: When UL direction implied by DL SPS HARQ-ACK is conflict with the DL direction implied by semi-static DL/UL configuration, the UL direction implied by DL SPS HARQ-ACK is with lower priority.
Proposal 5: Configure multiple HARQ-ACK resources for a DL SPS transmission by RRC signalling, and UE use the first valid HARQ-ACK resource for DL SPS ACK/NACK transmission, where the valid HARQ-ACK resource means the HARQ-ACK resource is not earlier than n+k and not indicated as “DL” by semi-static DL/UL configuration.
Proposal 6: The PUCCH frequency resource assignment for DL SPS ACK/NACK can be configured in a periodic manner.
Intel
Proposal 1:
· Applicability of Capability 2 is restricted to a single-carrier in Rel-15. 
· No other scheduling restriction is introduced.
Proposal 2:
· Table 2.2-1. UE Processing Times (in symbols) for Capability #2
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	
60 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	4
	 8

	Frequency-first RE-mapping
	N21
	Symbols
	4
	4
	10


· 1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
Proposal 3:
· PDSCH mapping type A with last PDSCH symbol ending in symbol ‘i' of a slot, where i < 7 
· Similar to Capability 1, (7-i) symbols are added to the N1 value for Capability 2 for this case
· PDSCH mapping type B with 7 symbols
· Similar to Capability 1, no change to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration
· PDSCH mapping type B with 4 symbols
· ‘d’ symbols are added to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration, and ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
· PDSCH mapping type B with 2 symbols
· ‘d’ symbols are added to the N1 value, where N1 value is from Table 2.2-1 for the corresponding SCS value and configuration, and ‘d’ is defined as:
· If the scheduling PDCCH and scheduled PDSCH have same starting symbol
· d = CORESET_duration, where CORESET_duration corresponds to the duration of the CORESET that is used to map the scheduling PDCCH with CORESET_duration = {1, 2, 3}
· If the scheduling PDCCH starts at least one symbol before the scheduled PDSCH
· ‘d’ = {0, 1, 2} is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH.
Proposal 4:
· For a given HARQ process ID, the UE is not expected to receive an UL grant for PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH scheduled with the same HARQ process ID.
Proposal 5:
· For two UL HARQ processes A and B for a given cell, the scheduled PUSCH transmissions for HARQ process B may not have a starting symbol occurring before the scheduled PUSCH transmission for HARQ process A if the corresponding UL grant for HARQ process A is received before the corresponding UL grant for HARQ process B.
Proposal 6:
· For operation on unpaired spectrum, the UE is not expected to receive in a DL symbol and then transmit in an UL symbol when these symbols are not separated by at least TRX2TX.
TRX2TX = 13us in FR1 and TRX2TX = 7us in FR2.
LGE (URLLC)
Observation 1: The current DL/UL scheduling mechanism such as time-domain RA can work for URLLC services, but it is inefficient in terms of DCI overhead and scheduling flexibility on PDCCH transmission.
Observation 2: To support both eMBB and URLLC for a UE, the time-domain resource allocation list will be inefficiently configured. 
Observation 3: The current HARQ-ACK feedback mechanism such as HARQ-ACK feedback timing and HARQ-ACK codebook determination can work for URLLC services, but it is inefficient in terms of DCI overhead and PUCCH detection performance.
Proposal 1: To minimize DCI overhead, different time-domain resource entries/interpretation from eMBB time-domain resource table is used for URLLC. 
Proposal 2: RAN1 nedds to study whether or how to enhance HARQ-ACK feedback mechanism such as HARQ-ACK feedback timing and HARQ-ACK codebook determination to support URLLC services efficiently. 
Proposal 3: If parallel DL reception for eMBB and URLLC data is supported, UE PDSCH procedure time for eMBB data include the additional margin considering how many symbols are allocated for URLLC PDSCH, and whether the ending symbol of URLLC PDSCH is earlier or later than the ending symbol of eMBB PDSCH.
LGE
Proposal 1: Following two cases of cross-CC scheduling between the CCs with different numerology are to be supported with consideration of UE processing complexity.
1) Case 1: Cell 1 with smaller SCS (or longer slot) schedules Cell 2 with larger SCS (or shorter slot) where the maximum number of DL/UL scheduling DCIs for a same UE detected via single CORESET or search space is limited.
A. Similar consideration may be necessary even for the case of self-CC scheduling or the single CC case configured with multiple different K0 or K2 values.
2) Case 2: Cell 1 with larger SCS (or shorter slot) schedules Cell 2 with smaller SCS (or longer slot) where the slot location allowable for the DCI transmission (relative to the corresponding DL data transmission) is restricted.
A. One reasonable way from UE perspective is to allow DCI transmission only via the first overlapping DCI slot with the corresponding data slot.

Proposal 2: It is necessary to define the counting rule of DAI value (in case configured with dynamic HARQ-ACK codebook) for the multiple DL grant PDCCHs to schedule a same CC transmitted via a single CORESET or search space.
Samsung
In this contribution, we considered the remaining issue of UE processing time, and the followings are proposed. 
Proposal 1. Introduce an accumulative timer for processing time calculation in case of consecutive PDSCH’s.
Proposal 2. If 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, the UE decodes one PDSCH in the following prioritization order: 1) RA-RNTI/TC-RNTI PDSCH, 2) P-RNTI PDSCH, and 3) SI-RNTI PDSCH.
Proposal 3. For both slot-based and non-slot-based scheduling, UE processing capability #2 uses the following values.
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal 4. The minimum processing time N2 for PUSCH transmission should be increased by BWP transition time in case of BWP switching before the PUSCH transmission.
MTK
Proposal #1: For UE processing time Capability#2, one fixed Cell is configured to UE for Capability#2 operation.
Proposal #2: The supported PRB number of Capability#2 in NR Rel-15 is up to 135 for both DL and UL.
Proposal #3: To adopt the below list as the applicable conditions for UE processing time Capability#2 in NR Release 15
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH allocation with at least 7 symbols is supported
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· Single fixed CC for Capability#2 operation, and is semi-statically configured to UE
· Same-carrier scheduling for Capability#2 operation is assumed
· For C-RNTI only
For N1/N2 values of UE processing time Capability#2, to adopt either Table 4 without further condition or Table 5 with more constraints, which are listed in below
· The supported PRB number is up to 135 for both DL and UL
· Restriction on BDs and CCEs of PDCCH for the concerned CC
	Conditions for PDCCH
	15 KHz SCS
	30 KHz SCS

	Max no. of PDCCH BDs per slot
	22
	18

	Max no. of non-overlapped CCEs per slot
	28
	28


· HARQ-ACK feedback of PDSCH based on Capability#2 is not multiplexed together with other UCI
Table 4. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	4
	5

	Frequency-first RE-mapping
	N2
	Symbols
	6
	6


If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
Table 5. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	4

	Frequency-first RE-mapping
	N2
	Symbols
	5
	6


If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
Proposal #4: If UE is receiving RA-RNTI PDSCH or UE acquires SI upon being triggered by Paging DCI in slot N-1, UE is not required to decode C-RNTI (or CS-RNTI) PDSCH in slot N if the scheduled UE processing time is smaller than N1 of additional PDSCH DM-RS configured.
Proposal #5. NR adopts one of the following alternatives:
· Alt 1. Cross-carrier scheduling is not supported in Rel-15. 
· Alt 2. Cross-carrier scheduling for aggregated carriers with different numerology is not supported in Rel-15. 
· Alt 3. Divided the UE feature 6-10 cross carrier scheduling into two parts.
· 6-10a cross carrier scheduling across same numerology
· 6-10b cross carrier scheduling across same and different numerology
· Alt 4. For cross-carrier scheduling across different numerology, 
· The reference timing of K0=0 and K2=0 is defined as the first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 
· Additional constraints on K0/K2 should be defined, i.e., K0 > X and K2 > Y. FFS: the values of X and Y depend on the numerology of the scheduling and scheduled CC.
Proposal #6: UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols
MTK (URLLC)
Observation-1: More transmission opportunities provide better control and data resource utilization
Observation-2: The current reporting framework uses a single PUCCH resource per slot for HARQ-feedback bits and hence can have issues with both latency and reliability
Observation-3: Interpreting K1 in terms of symbols can provide more granularity in indicating PUCCH resource 
Proposal-1: The HARQ-feedback bits of URLLC packets are to be reported using separate PUCCH resource(s)
Proposa1-2: Interpret K1 in terms of symbols and jointly use K1 and ARI bits to indicate the PUCCH resource
OPPO (URLLC)
Proposal 1: Data in the overlapped resource belongs to HARQ process indicated in latest DCI.
Proposal2: When downlink area is indicated by PI, detection or not also depends on whether the whole PDSCH belongs to the downlink area.
According to the following agreement last meeting [2], only one HARQ-ACK field for overlapped candidate unicast PDSCH occasions is reserved in semi-static HARQ-ACK codebook.
	· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:
· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 
· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot
· The UE is not expected to receive SPS PDSCH release and unicast PDSCH in a same slot
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE



For the case in Figure 1, HARQ-ACK field will be deficient in semi-static HARQ-ACK codebook. There are three solutions to solve this issue: 
· Solution1: One HARQ-ACK field is used for transmission with higher priority. However, transmission is unexpected and DL grant missing is unavoidable, so this solution leads eNB ambiguous. 
· Solution2: HARQ-ACK field is reserved for any candidate unicast PDSCH occasions. It is simple but leads more redundant fields in semi-static codebook.
· Solution3: HARQ-ACK feedback is separate for eMBB and URLLC, which is benefit for latency, reliability and efficiency. For one specific traffic, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. But indication for traffic type is required.
Both solution 2 and 3 can solve problems. Solution 2 is simple but low efficiency. Solution 3 provides benefit in latency, reliability and efficiency but needs more specific work.
Proposal 3: Both solution 2 and 3 can solve problems. Solution 2 is simple but low efficiency. Solution 3 provides benefit in latency, reliability and efficiency but needs more specific work.
Huawei (URLLC)
Observation 1: When reception processing of URLLC and eMBB data occur simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
Proposal 1: If the UE has the capability to identify URLLC traffic, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing...
Observation 2: If the UE does not have the capability to identify URLLC traffic, then in the event of a processing conflict between multiple PDSCH receptions, the UE shall first process the latest received PDSCH. 
Panasonic
Proposal 1: To capture text proposal described in section 2. The condition to prioritize SI-RNTI is described in RRC.

	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 if the PDSCHs partially or fully overlap in time.
The UE is not required to decode a PDSCH scheduled with C-RNTI or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI partially or fully overlap in time.
On a frequency range 1 PCell, the UE shall be capable to decode a PDSCH scheduled with C-RNTI or CS-RNTI and a PDSCH scheduled with SI-RNTI even if partially or fully overlap in time.
On a frequency range 2 PCell, according to higher layers, the UE is required to decode either a PDSCH scheduled with C-RNTI or CS-RNTI  or PDSCH scheduled with SI-RNTI. 
On other than PCell, the UE is not required to decode more than one PDSCH. 





Proposal 2: UE is not required to support more than 2 PDSCHs for FR1 and more than 1 PDSCH for FR2 in IDLE and INACTIVE.
Proposal 3: The prioritization among P-RNTI PDSCH, RA/TC-RNTI PDSCH and SI-RNTI PDSCH are up to UE implementation or up to RAN2 decision.
Proposal 4:  Aggressive capability #2 is supported only limited conditions. The limited condition is following. If limited condition is not satisfied by the assignment, normal processing capability is applied.
- front-loaded DMRS only
- Rank 1 with up to UE's supported full DL bandwidth or rank 2 with up to half of UE's supported full DL bandwidth
- FFS to support 256QAM
NTT DOCOMO
Observation 1: 
· PUCCH group concept is useful to avoid the tight coordination between CCs configured with different numerology.
Observation 2: 
· For LTE-DC, the simultaneous configuration of DC and PUCCH SCell was excluded to avoid specifying the additional prioritization rule of power limited case in RAN1.
Observation 3: 
· Unlike in LTE-DC, there is no technical showstopper to exclude simultaneous configuration of EN-DC and NR-CA with two NR PUCCH-groups at least for Case 2 and Case 3.
Proposal 1:
· Support simultaneous configuration of EN-DC and NR-CA with two PUCCH-groups in Rel-15 NR.
Proposal 2:
· Adopt the following text proposal for TS38.202 to support simultaneous configuration of EN-DC and NR PUCCH SCell:
	6	Simultaneous transmission and reception of physical channels and physical signals
This clause describes the requirements from the UE to send and receive multiple physical channels and physical signals simultaneously depending on the capabilities and service requirements. The following notation is used between both the uplink and downlink subclauses below.
-	p is the number of uplink carriers configured for the UE on which physical channels can be transmitted
-	p' is the number of uplink carriers configured for the UE on which SRS can be transmitted
-	q is the number of downlink carriers configured for the UE
-	j is the number of cell groups configured for the UE. In the case of non-EN-DC, j=1, while for EN-DC, j=2.
-	k is the number of PUCCH groups configured for the UE. In the case of non-DC, k=1 or 2 , while for DC, k=2 with one PUCCH group per cell group.


Proposal 3:
· For type1 HARQ-ACK codebook for CA with mixed numerology, HARQ-ACK association set is determined by considering UE processing capability.
Proposal 4:
· NR adopts the following TP for PUCCH resource determination:
	9.2.3	UE procedure for reporting HARQ-ACK
[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for  HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 among the DCIs indicating the same slot for HARQ-ACK feedback that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]



NOK (URLLC)
Proposal: For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, while the HARQ-ACK for B is expected to be transmitted earlier than the HARQ-ACK for A, the UE may stop decoding A and report NACK for A.
Ericsson
Proposal 1	For DL SPS release, confirm the working assumption from RAN1#92bis with the following update.
Working assumption:
· The processing requirement for HARQ-ACK in response to DL SPS release is N OFDM symbols from last symbol of the corresponding PDCCH for UE Capability #1:
· 15 kHz case: 8 + 2 5
· 30 kHz case: 10 + 2 5
· 60 kHz case: 17 + 5
· 120 kHz case: 20 + 5

Proposal 2	No additional relaxation is provided for capability#1 for back-to-back scheduling of PDSCH.
Proposal 3	Apply group-PUSCH-TPC command with a delay of N2 symbols.
Proposal 4	Apply group-PUCCH-TPC command with a delay of min(N2,N) symbols, where N is DL SPS release processing requirement.
Proposal 5	Following table is adopted for UE processing times for Capability #2 at least for the conditions listed in conclusion from RAN1#92bis.
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5



Proposal 6	For Capability#2 and additional DMRS configured, support smaller N1 than that of Capability#1.
Proposal 7	For RRC_IDLE and RRC_INACTIVE, even in case of overlap of PDSCHs among SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH, the UE decodes the PDSCHs.
Qualcomm
Proposal 1: UE is not required to decode P-RNTI PDSCH during RACH procedure.
Observation 1: There should be no need to page UEs until they complete acquisition of system information upon triggering of systemInfoModification in the DCI scrambled by P-RNTI. 
Observation 2: There is no impact to the flexibility of sending ETWS and/or CMAS indication to all UEs under the current set of agreements for RRC_CONNECTED and short paging message in paging DCI.
Proposal 2: The following text proposal should be adopted to account for mixed numerology between the scheduling PDCCH and the PDSCH.
---- Text Proposal for 38.214 ----
5.3 UE PDSCH processing procedure time

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 that corresponds to the min (µDL,PDCCH, µDL,PDSCH, µUL) where the µDL,PDCCH corresponds to the subcarrier spacing of the downlink with which the PDCCH was transmitted, µDL,PDSCHµDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted, 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] If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1 value follows from the second column of table 5.3-1; otherwise, the N1 value follows from the first column of table 5.3-1.
---- End of Text Proposal ----
Proposal 3: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (grant) for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH for an earlier transmission on the same HARQ process ID

Proposal 4: For any two HARQ process IDs A and B for a given cell, if the scheduling DCI for unicast PUSCH transmission A comes before the scheduling DCI for unicast PUSCH transmission B, then the (baseline capability) UE is not expected to send the PUSCH for A after the PUSCH for B.

Observation 3: Whenenever the re-transmission of a TB changes between UL and SUL carrier, the value derived from 38.212 Table 5.4.2.1-1 (Value of nPRB,LBRM) and subsequent use in LBRM may be inconsistent based on current specification.
The following text proposal is then provided to safeguard against this issue.
Proposal 5: The following text should be captured to reflect that on TB is mapped to one UL carrier, and re-transmission of a TB cannot take place on different carrier than the initial transmission, in the case of SUL.
---- Text Proposal for 38.214 ----
6.1	UE procedure for transmitting the physical uplink shared channel
…
For uplink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the uplink is configured to the UE for each cell separately by higher layer parameter [nrofHARQ-processesForPUSCH].
In the case where the UE supports PUSCH on multiple carriers, the re-transmission of a TB cannot take place on different carrier than the initial transmission.
Proposal 6: UE is not expected 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.
· Note that the exact value of Rx2Tx has been specified in RAN4 [5]
For completeness, the following can also be extended to the Tx2Rx switching times, which were also provided in [5].
Proposal 7: UE is not expected to transmit on a uplink symbol and then receive on a downlink symbol if those two symbols are not separated by at least Tx2Rx us on unpaired spectrum for a given serving cell, from the UE perspective.
· Note that the exact value of Tx2Rx has been specified in RAN4 [5]

Qualcomm (URLLC)
Observation 1: Self-contained operation for eMBB can be better achieved with a lower latency and reduced peak-workload than a higher latency with a higher peak-workload.
Observation 2: The average throughput, average delay, and outage capacity of URLLC subject to hard delay and reliability requirements improve as the UE and gNB processing times decrease.
Observation 3: In the case FDD DL and (1ms, 1e-4 reliability) requirements, the URLLC outage capacity degrades gracefully when the RTT is between 3 and 6 mini-slots with UE processing time N1 ranging between 2 and 4 OFDM symbols. The URLLC outage capacity degrades significantly when the RTT is increased to 8 miniislots with UE processing time N1 being 6 symbols. In the case of (1ms, 1e-5 reliability), it is expected that the requirement of processing times should be similar or stricter.
Observation 4: Small N1 and N2 values under certain conditions are important to maximize the URLLC outage capacity. A larger latency of processing times with higher peak throughput degrades the outage capacity significantly.
Proposal 1: To improve the URLLC system performance that is driven by outage capacity, NR should consider conditions on which N1 and N2 values can be reduced at the potential cost of the peak and/or average throughput of URLLC.
Observation 5: Smaller N1 and N2 values reduce the possibility that another UE grabs the radio medium from a scheduled UE and degrades the throughput of the scheduled UE in unlicensed or shared spectrum.
Proposal 2: The UE processing times listed in Table 3 should be specified in Release 15 as Capability #2 (which is an optional capability beyond the baseline Capability #1). It is understood that when the UE signals supports for this capability, it does so under the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· FFS: case of UCI multiplexing
· PDCCH conditions
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 2: PDCCH monitoring on up to any OFDM symbol of the slot
· UE may separately report one of the following capabilities for a given numerology for this aggressive processing time
· Monitoring every 2 symbols
· Monitoring every 4 symbols
· Monitoring every 7 symbols
· First symbol of PDSCH assumed to be no earlier than the first symbol of PDCCH scheduling this PDSCH
· One or more unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· Note: the number of unicast PDSCH and/or unicast PUSCH within one slot is a separate UE capability
· FFS: if UE only indicates support for multiple PDSCH and/or PUSCH if they are only associated with re-transmission
· Single CC
· FFS: CA case with and without cross-carrier scheduling
· UE may further consider support of this capability with the following 
· Limited BW
· Limited Rank
· Limited TBS
· Capability #2 is signaled as a “Type 3” UE capability

Table 3. UE Processing Times for Capability #2
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60kHz (FR1)

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5
	[5-12]2

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5
	[5-12] 2


· 1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
·  2Additional study should be done to see if further reduction is possible at 60kHz
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