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Background
This document is to summarize the email discussion [98-NR-05].
[98-NR-05]
Update on Thurs – email discussion on R1-1909237 till next meeting (Fred, QC)

Discussions
1. Definitions of ‘logical time’ and ‘actual time’
We would like to define ‘logical time’ and ‘actual time’ as follows:
· ‘Logical time’ means that all the following is assumed to be zero: (1) DL-to-DL timing differences between CCs; (2) UL-to-UL timing differences across different TAGs; (3) UL timing advance
· ‘Actual time’ means that values observed by the UE are assumed for: (1) DL-to-DL timing differences between CCs; (2) UL-to-UL timing differences across different TAGs, (3) UL timing advance

2. Proposed clarifications on logical time vs actual time
Following is a list of proposed clarifications in R1-1909237. Note that the discussion covers the timing relationships between NR channels. Timing relationships between LTE and NR in EN-DC/NE-DC and asynchronous NR-DC are not covered.
Note that specification texts copied in the table below are just examples of which spec texts are corresponding to the entry; it is not comprehensive mapping between each entry and overall specifications.
	Procedures
	Notes

	PUCCH overlapping groups
	This is a procedure where a UE determines how PUCCH (and PUSCH) resources are overlapped and how to multiplex UCI. TS38.213 Section 9.2.5 has the following description. When determining which channels are overlapping, timing differences and TA are excluded (i.e., logical time is used).


[image: ]
[bookmark: _Toc12021480]9.2.5	UE procedure for reporting multiple UCI types
This Subclause is applicable to the case that a UE has overlapping resources for PUCCH transmissions or for PUCCH and PUSCH transmissions and each PUCCH transmission is over a single slot without repetition. 
[…]

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met.  If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions


	Multiplexing timeline
	This is a time gap between the first symbol of the earliest PUCCH or PUSCH among a group of overlapping PUCCH and/or PUSCH in a slot after a last symbol of any corresponding PDSCH, as in TS38.213 Section 9.2.5. When determining timeline conditions for multiplexing, timing differences and TA are included (i.e., actual time is used).

9.2.5	UE procedure for reporting multiple UCI types
[…]

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met.  If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions




-	 is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release, where  is described in Subclause 10.2 and  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCH providing the SPS PDSCH release and the smallest SCS configuration for the group of overlapping PUCCHs or overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the detection of the SPS PDSCH release 


-	if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of 
-	a PDCCH with the DCI format scheduling the PUSCH, and 
-	any PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in an overlapping PUCCH in the slot


where  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs and the smallest SCS of the overlapping PUCCHs and PUSCHs, and  if there is no overlapping PUSCH


-	if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of 
-	a PDCCH with the DCI format scheduling the PUSCH, and
-	any PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in an overlapping PUCCH in the slot







where  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the smallest SCS configuration for the group of the overlapping PUCCHs and PUSCHs, and the smallest SCS configuration of aperiodic CSI-RS associated with the DCI format scheduling the PUSCH, and  for ,  for  and  for 








-	, , , , , and  are defined in [6, TS 38.214], and  and  are defined in [4, TS 38.211]. 


	PDSCH-to-PUCCH mapping
	For a PDSCH, the UE is indicated when to transmit the HARQ-ACK with PDSCH ending slot as the reference. This is specified in TS38.213 Section 9.2.3. When determining the PDSCH-to-PUCCH mapping, timing differences and TA are excluded (i.e., logical time is used).
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[bookmark: _Ref500241945][bookmark: _Toc12021478]9.2.3	UE procedure for reporting HARQ-ACK
[…]



If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot  where  is provided by dl-DataToUL-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 ending in slot  or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in 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, if present, or provided by dl-DataToUL-ACK.  corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 


	PDCCH-to-PDSCH mapping
	For a PDSCH, the UE is indicated when to receive the PDSCH with PDCCH slot as the reference. This is specified in TS38.214 Section 5.1.2.1. When determining the PDSCH reception timing, timing differences and TA are excluded (i.e., logical time is used).

[bookmark: _Toc11352084]5.1.2.1	Resource allocation in time domain
[…]



-	The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and
-	The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:

if  then


else 



where, and
-	The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211].


	PDCCH-to-PUSCH mapping
	For a PUSCH, the UE is indicated when to transmit the PUSCH with PDCCH slot as the reference. This is specified in TS38.214 Section 6.1.2.1. When determining the PDCCH-to-PUSCH mapping, timing differences and TA are excluded (i.e., logical time is used).

[bookmark: _Toc11352143]6.1.2.1	Resource allocation in time domain
[…]



[bookmark: _Hlk497992508]-	The slot where the UE shall transmit the PUSCH is determined by K2 as  where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively, and
-	The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:

if  then


else 



where, and
-	The PUSCH mapping type is set to Type A or Type B as defined in Subclause 6.4.1.1.3 of [4, TS 38.211] as given by the indexed row.


	Processing time
	For PDSCH processing and PUSCH preparation, minimum time Tproc,1 and Tproc,2 are specified in TS38.214 Section 5.3 and 6.4, respectively, as follows. When determining whether the PDSCH or PUSCH satisfies the timeline condition, timing differences and TA are included (i.e., actual time is used).

[bookmark: _Toc11352135]5.3	UE PDSCH processing procedure time

[bookmark: _Hlk500865557][bookmark: _Hlk508187268]If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, 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, then the UE shall provide a valid HARQ-ACK message. 

[bookmark: _Toc11352166]6.4	UE PUSCH preparation procedure time

[bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 


	MAC activation time
	There are various cases where a UE activates a functionality based on MAC CE indication. As an example, TS38.213 Section 4.3 is copied below, which specifies SCell activation time. When determining MAC CE based activation timing, timing differences and TA are excluded (i.e., logical time is used).
[image: ]

[bookmark: _Toc12021441]4.3	Timing for secondary cell activation / deactivation

With reference to slots for PUCCH transmissions, when a UE receives in a PDSCH an activation command [11, TS 38.321] for a secondary cell ending in slot n, the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot , except for the following:

-	the actions related to CSI reporting on a serving cell that is active in slot 

-	the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE applies in slot 


-	the actions related to CSI reporting on a serving cell which is not active in slot that the UE applies in the earliest slot after  in which the serving cell is active.





The value of  is  where  is a number of slots for a PUCCH transmission with HARQ-ACK information for the PDSCH reception and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format scheduling the PDSCH reception as described in Subclause 9.2.3 and  is a number of slots per subframe for the SCS configuration  of the PUCCH transmission.


With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a secondary cell ending in slot , the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell which the UE applies in slot . 


	MAC-level timers
	MAC layer defines various timers (e.g., DRX-inactivity timer, BWP-inactivity timer, SCell-deactivation timer, configured-grant timer, beam-failure detection timer, etc). For MAC-level timer counting, timing differences and TA are excluded (i.e., logical time is used).


	Max data rate
	The UE is not required to handle PDSCH(s) or PUSCH(s) if the total data rate exceeds achievable max data rate over the serving cells. When determining the data rate across serving cells, timing differences and TA are excluded (i.e., logical time is used).

[bookmark: _Toc11352090]5.1.3	Modulation order, target code rate, redundancy version and transport block size determination
[…]
Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 


[bookmark: _Toc11352150]6.1.4	Modulation order, redundancy version and transport block size determination
[…]
Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
,



	Power control
	NR transmit power control is per transmission occasion, where the transmission occasion is defined as following in Section 7.1.






A PUSCH/PUCCH/SRS/PRACH transmission occasion  is defined by a slot index  within a frame with system frame number , a first symbol  within the slot, and a number of consecutive symbols .

Across serving cells, there are the cases where power-scaling is applied. When determining power-scaling across serving cells, timing differences and TA are included (i.e., actual time is used).
[bookmark: _Toc12021452]7.5	Prioritizations for transmission power reductions









For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for a PUSCH or PUCCH or PRACH or SRS transmission in a respective transmission occasion  would exceed , where  is the linear value of  in transmission occasion  as defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2], the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power is smaller than or equal to  in every symbol of transmission occasion . When determining a total transmit power in a symbol of transmission occasion , the UE does not include power for transmissions starting after the symbol of transmission occasion . The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.



	PHR
	For UL-CA, the UE computes and reports power headroom of multiple serving cells. A UE needs to determine how/whether the transmissions are overlapped. For this, timing differences and TA are excluded (i.e., logical time is used).

[bookmark: _Toc12021458]7.7.1	Type 1 PH report
[…]












If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration  on active UL BWP  of carrier  of serving cell  is smaller than a SCS configuration  on active UL BWP  of carrier  of serving cell , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP  that overlaps with multiple slots on active UL BWP , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP  that fully overlaps with the slot on active UL BWP .






If a UE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type 1 power headroom report in a first PUSCH transmission that includes an initial transmission of transport block on active UL BWP  of carrier  of serving cell , a second PUSCH transmission on active UL BWP  of carrier  of serving cell  that overlaps with the first PUSCH transmission if 
-	the second PUSCH transmission is scheduled by a DCI format 0_0 or a DCI format 0_1 in a PDCCH received in a second PDCCH monitoring occasion, and
-	the second PDCCH monitoring occasion is after a first PDCCH monitoring occasion where the UE detects the earliest DCI format 0_0 or DCI format 0_1 scheduling an initial transmission of a transport block after a power headroom report was triggered 


	Slot format (incd. cross-CC SFI)
	DCI format 2_0 indicates slot format(s) of serving cells. For this, timing differences and TA are excluded (i.e., logical time is used).

[bookmark: _Toc12021490]11.1.1	UE procedure for determining slot format
[…]
For a set of symbols of a slot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink and to detect a DCI format 1_0, a DCI format 1_1, or DCI format 0_1 indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot.
For a set of symbols of a slot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols in the slot as downlink and to detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. 
[…]


	No. of TDD switching points
	FG 5-1 and FG 5-1b in RAN1 feature list (R1-1907862) have following components. For determining the number of switching points per slot, timing differences and TA are included (i.e., actual time is used).

	5-1
	Basic scheduling/HARQ operation
	[…]
9) In TDD support at most one switch point per slot for actual DL/UL transmission(s)

	5-1b
	More than one DL/UL switch point in a slot
	In TDD support more than one switch points in a slot for actual DL/UL transmission(s)



[image: ]


	Time threshold for default vs. TCI-indicated beams
	UE determines whether a default QCI assumption is used or indicated TCI state is used according to the time threshold, timeDurationForQCL. For determining whether the scheduled PDSCH fulfills the time threshold of TCI-state indication, timing differences and TA are included (i.e., actual time is used).

[bookmark: _Toc11352096]5.1.5	Antenna ports quasi co-location
[bookmark: _Hlk498002628][bookmark: _Hlk500790716][…]
For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.


	Tx-Rx exclusion and switch-gap for TDD and HD
	TS38.211 Section 4.3.2 specifies Tx-Rx exclusion and switching-gap for TDD and HD as follows. For this timeline, timing differences and TA are included (i.e., actual time is used).

[bookmark: _Toc11324437]4.3.2	Slots
[…]
A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by paremeter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of cells earlier than  after the end of the last received downlink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of cells earlier than  after the end of the last transmitted uplink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.


	Overlapping channels for dropping rule
	TS38.213 Section 9.2.6 and TS38.214 Section 5.2.5 specifies behavior for overlapping channels across same or different carriers. For this, timing differences and TA are excluded (i.e., logical time is used).

[image: ]



If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.

[…]
If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the first or second PUSCH transmissions is in response to a DCI format detection by the UE.



	SSB/RRM vs dynamic UL grant
	For FR1 unpaired spectrum, a UE is not required to transmit if the resource is RRM measurement resource based on SSB or CSI-RS in some cases as following. For this collision check, timing differences and TA are included (i.e., actual time is used).

11.1.1	UE procedure for determining slot format
[…]
For unpaired spectrum operation for a UE on a cell in a frequency band of FR1, and when the scheduling restrictions due to RRM measurements [10, TS 38.133] are not applicable, if the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit in a set of symbols, the UE is not required to perform RRM measurements [10, TS 38.133] based on a SS/PBCH block or CSI-RS reception on a different cell in the frequency band if the SS/PBCH block or CSI-RS reception includes at least one symbol from the set of symbols.


	DL PI
	DL PI informs a UE of which resource no transmission to the UE is present. For this resource check, timing differences and TA are excluded (i.e., logical time is used).

[bookmark: _Toc12021491]11.2	Interrupted transmission indication 
[…]
If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols that are indicated by the DCI format 2_1, from a set of PRBs and a set of symbols of the last monitoring period. The indication by the DCI format 2_1 is not applicable to receptions of SS/PBCH blocks


	DAI counting for Type-2 HARQ-ACK codebook
	For Type-2 HARQ-ACK codebook, the value of DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index. For this count, timing differences and TA are excluded (i.e., logical time is used).

[bookmark: _Ref500250940][bookmark: _Toc12021473]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
[…]


A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index , where . 

The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 



	
	



The proposed clarifications are summarized in the following table.
	Procedure
	Logical time
	Actual time

	PUCCH overlapping groups
	X
	

	Multiplexing timeline
	
	X

	PDSCH-to-PUCCH mapping
	X
	

	PDCCH-to-PDSCH mapping
	X
	

	PDCCH-to-PUSCH mapping
	X
	

	Processing time
	
	X

	MAC action time
	X
	

	MAC-level timers
	X
	

	Max data rate
	X
	

	Power control
	
	X

	PHR
	X
	

	Slot format (check cross-CC SFI applicability)
	X
	

	Number of switching points, other TDD limitations
	
	X

	Time threshold for default beam vs. new TCI beam
	
	X

	TX-Rx exclusion and switch gap for TDD or HD
	
	X

	Overlapping channels for dropping rule
	X
	

	SSB/RRM vs. dynamic UL grant
	
	X

	DL PI
	X
	

	DAI counting for Type-2 HARQ-ACK codebook
	X
	



Q1: Is there any missing procedure in the table? If yes, please provide your views.
	Company
	View

	Huawei
	We found the definition of “logical time” and “actual time” in section 1 a bit confusing when discussing the procedures in section 2. Essentially there are two kinds of timings: the timing at the UE side and the timing at the gNB side. 

For the procedures discussed above, some of the timings are defined from gNB point of view while some of the timings are defined from UE point of view. In additional, some of timings are defined from both gNB and UE point of view. 

There are indeed more cases which are not covered by the table above and one example is UL cancellation as below. A UE is not expect to cancel RRC configured UL transmissions if the UE detects a DL DCI where the time interval between the last symbol of the CORESET and the first symbol of corresponding UL transmissions is smaller than T_proc,2. However, we think the examples provided in the table cover all type of timing relationships hence there is no need to go through the specification and check all cases since we do not see any ambiguity that will impact the implementation.
[bookmark: _Ref500831375][bookmark: _Toc12021489]11.1	Slot configuration
[…]
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 


-	the UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time  for the corresponding UE processing capability [6, TS 38.214] assuming 
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols 

	
	

	
	

	
	



Q2: Do you agree the clarifications in the table? If no, please provide your views.
	Company
	View

	Huawei
	As indicated above, there are two kinds of timings: the timing at the UE side and the timing at the gNB side. We believe it is RAN1 common understanding that UL timing advance (TA) will be used for any actual uplink transmissions. 

1. For PDSCH-to-PUCCH and PDCCH-to-PUSCH mapping, the related timings are defined from gNB point of view. As shown in the Figure below, for a PUCCH HARQ-ACK or a PUSCH transmission in slot K from symbol N, the gNB will expect the corresponding PUCCH or PUSCH reception in {slot K, symbol N}. For UE point of view, the UE will adjust the UL transmissions earlier than {slot K, symbol N} by TA. The gNB should take the effect of TA into account when it makes scheduling decisions while the UE should also take the effect of TA into account when it determines the actual transmission time. 
[image: ]
Figure 1: PDSCH-to-PUCCH or PDCCH-to-PUSCH mapping
2. For PDCCH-to-PDSCH mapping, MAC action time, MAC-level timers, PHR, max data rate, slot format indication (including cross-CC SFI applicability check), overlapping channels for dropping rule, DL PI and DAI counting for Type-2 HARQ-ACK codebook, the related timings are defined at both gNB and UE side. Although the absolute timings are not aligned between gNB and UE due to propagation delay and RF switch, it does not matter since these timings are essentially relative values at both sides hence there is no inconsistency issue. One example for PDCCH-to-PDSCH mapping is provided below.
[image: ]
Figure 2: PDCCH-to-PDSCH mapping

3. For multiplexing timeline, processing time, number of switching points due to UE duplexing capability limitations, TX-Rx exclusion and switch gap for TDD or HD and SSB/RRM vs. dynamic UL grant, the related timings are defined from UE point of view. The UE should take the effect of TA into account when it determines the actual transmission time while the gNB should also take the effect of TA into account when it makes scheduling decisions. As an example, for scheduling of a HD-UE in a single cell, the UE will determine the timing gap between DL Rx and UL Tx taking into account of effect of TA as shown in Figure 3-1 below. The gNB should also consider the effect of time advance when it makes scheduling decisions. As another example, for DL reception in multiple CCs and UL transmission in multiple CCs belonging to different TAGs, the DL Rx and UL Tx timing differences as well the effect of TA should be taken into account by the UE. The gNB should also take this into account when it makes any scheduling decisions.
[image: ]
Figure 3-1: Tx-Rx switch for half duplex-UE

[image: ]
Figure 3-2: DL reception in multiple CCs and UL transmission in multiple CCs belonging to different TAGs

4. For power control, the related timings are defined from UE point of view. However, if there is only one TAG, there is no UL Tx timing differences among CCs hence there is no problem as shown in the upper Figure below. For UL transmissions in different TAGs as shown in the bottom Figure below, the UL Tx timing difference including the effect of TA should be considered. This should also be taken into account by the gNB.
[image: ]
Figure 4-1: UL power control in multiple CCs belonging to a single TAG
[image: ]
Figure 4-1: UL power control in multiple CCs belonging to different TAGs

In summary
1. For procedures related to resource allocation in time domain, the timing is defined from gNB point of view. The gNB should consider the effect of TA when it makes any scheduling decisions. 
1. For procedures related to processing time, timeline check and DL/UL switching, the timing is defined from UE point of view. The effect of TA is taken into account at the UE side when it determines the actual transmission time while the gNB should also consider the effect of TA when it makes any scheduling decisions.
1. For procedures other than 1 and 2 in a single CC, if they only involve either DL channels or UL channels, the timing is defined from both gNB and UE point of view. There is no inconsistence issues.
1. For procedures other than 1 and 2 in multiple CCs with one TAG, if they only involve UL channels, the timing is defined from both gNB and UE point of view. There is no inconsistence issues.
1. For procedures other than 1 and 2 in multiple CCs with multiple TAGs, if they involve DL channels in multiple CCs or UL channels in different TAGs, the timing is defined from UE point of view. The DL Rx and UL Tx timing differences as well the effect of TA should be taken into account by the UE. The gNB should also take this into account when it makes any scheduling decisions.
In conclusion, it is clear that no matter the timing is defined at gNB, UE or both sides, the gNB and the UE need to take the DL Rx timing difference, UL Tx timing difference and the effect of TA into account whenever applicable. We think this is a common understanding and the clarification in this email discussion does not have any impact on gNB or UE implementation. 

	Samsung
	We think suggested clarification is necessary in general, and we agree with logical and actual clarification in the table except for the following. 

1. Time threshold for default beam vs new TCI beam: We are neutral here. Considering physical nature, it would need to be actual as the table suggests. However, for the easiness of UE software operation, logical is preferred assuming that a UE can stomach loss of gap incurred by timing difference among cells. In our opinion, TA is irrelevant here, and clarification is only necessary for CCS due to the aforementioned timing difference. 

2. Power control: In our understanding, actual timing here considering timing difference among cells implies that a UE may adjust power of certain cells not necessarily at symbol boundaries. I do not think that this is what RAN1 signed up for when this is designed, and I am not sure if a UE can do such a thing. On the other hand, logical timing implies that a UE adjusts each cell's power at its symbol boundaries. This means different adjustment timing for different cells, which can be equally uncomfortable at a UE viewpoint. Given already allowed level of uncertainty for power control, e.g., drop or scale part or full transmission, we prefer not to discuss this aspect.

	
	

	
	



3. Proposed clarifications on accumulated TA value
Besides the above table, R1-109237 proposes following.
Proposal: 
· Clarify following in the specification:
· Cumulative TA is not less than zero, i.e. actual TA is not less than NTA offset
· Cumulative TA is not more than 2ms/2μ, i.e. actual TA is not more than 2ms/2μ + NTA offset
· The UE can consider it an error case if either of the above is not met.

Q3: Do you agree with the proposal?
	Company
	View

	Huawei
	We agree with the first clarification. For the second clarification and third bullet, our understanding is that no change is needed for the specification. Whether the UE can consider it as an error case or not can be left to UE implementation. 

	
	

	
	

	
	




Summary of the discussions
Proposal 1: Capture following in the Chairman’s note as a RAN1’s common understanding.
	Procedure
	Logical time
	Actual time
	Note

	PUCCH overlapping groups
	X
	
	This refers to text in 38.213 9.2.5 that specifies how the UE determines which PUCCH(s)/PUSCH(s) are overlapping
If a UE is configured with multiple TAGs, the procedure applies assuming all UL CCs are timing aligned
Consider Alt.1-3 in note 3

	Multiplexing timeline
	
	X
	This refers to text in 38.213 9.2.5 that specifies timeline conditions that shall be satisfied for UCI multiplexing among overlapped PUCCH(s)/PUSCH(s)
Whether or not the first symbol S0 among a group overlapping PUCCHs and PUSCHs in the slot satisfies the timeline conditions is based on the UL transmission timings after applying TA(s)
Consider Alt.1-3 in note 3

	PDSCH-to-PUCCH mapping
	X
	
	This refers to texts in 38.213 9.2.3 that specify PUCCH transmission slot that carries HARQ-ACK information
For k=0, the slot overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release is determined assuming TA=0
Consider Alt.1-3 in note 3

	PDCCH-to-PDSCH mapping
	X
	
	This refers to text in 38.214 5.1.2.1 that specifies the slot allocated for PDSCH reception

	PDCCH-to-PUSCH mapping
	X
	
	This refers to text in 38.214 6.1.2.1 that specifies the slot allocated for PUSCH transmission

	Processing time
	
	X
	This refers to texts in 38.214 5.3 and 6.4 that specify PDSCH processing procedure time and PUSCH preparation procedure time

	MAC action time
	X
	
	This refers to texts that specify timing for MAC CE activation. Corresponding texts are found in e.g., 
38.213 4.3, 7.2.1, 9.2.2, 10.1 and; 
38.214 5.1.4.2, 5.1.5, 5.2.1.5.1, 5.2.1.5.2, 5.2.4, 6.2.1.
For activation of UL (e.g., semi-persistent SRS), there may be a case where a TA value for a TAG containing the SCell which activates SP-SRS is larger than the TA value for the pTAG that includes the PCell carrying the HARQ-ACK for the MAC CE. In this case, the time to prepare for activation is reduced by the TA difference between the TAGs (see UL1@UE in the following figure). But still, the activation takes place in slot n+8.
[image: cid:image003.png@01D57F8C.5B32E9F0]
Another (extreme) example is following. The TA value of the pTAG is quite large. As a result, the time gap between the actual end time of UL slot n+4 and the actual beginning time of DL slot n+7 for a certain DL carrier gets beyond 3ms (see DL2@UE in the following figure). Nevertheless, the activation still takes place in slot n+8.
[image: cid:image004.png@01D57F8C.5B32E9F0]
FFS: Alt.1-3 in note 3


	MAC-level timers
	X
	
	Various timers defined in MAC layer (e.g., DRX-inactivity timer, BWP-inactivity timer, SCell-deactivation timer, configured-grant timer, beam-failure detection timer, etc). This refers to how the timer is incremented.

	Max data rate
	X
	
	This refers to texts in 38.214 45.1.3 and 6.1.4 that specify max data rate across overlapping PDSCH(s) or PUSCH(s) the UE can handle.
The procedure applies assuming all DL CCs (or UL CCs) are timing aligned
FFS: Alt.1-3 in note 3

	Power control (power-scaling)
	
	
	This refers to texts in 38.213 7.5 that specify the UE transmit power is smaller than or equal to PCMAX_hat in every symbol of a transmission occasion.
The power-scaling is carried out (if necessary) such that the UE transmit power does not exceed PCMAX_hat at any point of time.  

	PHR
	X
	
	This refers to texts in 38.213 7.7.1 that specify the PHR calculation in case of UL-CA.
If a UE is configured with multiple TAGs, the procedure applies assuming all UL CCs are timing aligned
FFS: Alt.1-3 in note 3

	Slot format (check cross-CC SFI applicability)
	X
	
	This refers to texts in 38.213 11.1.1 that specify transmission direction determination by a slot format indication in a slot.
If a SFI in a cell indicates a slot format for the same or another cell, the indication is assuming there is no timing difference in the same or another cell  
FFS: Alt.1-3 in note 3

	Number of switching points, other TDD limitations
	
	X
	The number of switch point(s) per slot for actual DL/UL transmission(s) shall not exceed the UE capability, even after TA is applied.
See proposal 2
FFS: Alt.1-3 in note 3

	Time threshold for default beam vs. new TCI beam
	
	
	This refers to text in 38.214 5.1.5 that specifies the condition where the UE applies default beam or TCI-indicated beam.
The “offset between the reception of the DL DCI and the corresponding PDSCH” takes into account the timing difference between the DL DCI and the PDSCH.
FFS: Alt.1-3 in note 3

	TX-Rx exclusion and switch gap for TDD or HD
	
	X
	This refers to text in 38.211 4.3.2 that specifies the time duration where the UE is not expected to transmit or receive due to switching.

	Overlapping channels for dropping rule
	X
	
	This refers to texts in 38.213 9.2.6 and 38.214 5.2.5 that specify the UE dropping behavior when the UE determines multiple UL channels overlap.
If a UE is configured with multiple TAGs, the procedure applies assuming all UL CCs are timing aligned
FFS: Alt.1-3 in note 3

	SSB/RRM vs. dynamic UL grant
	
	X
	This refers to text in 38.213 11.1.1 that specifies the UE behavior in unpaired and FR1 spectrum and when scheduling restrictions due to RRM measurement are not applicable.

	DL PI
	X
	
	This refers to text in 38.213 11.2 that specifies which symbol(s) the UE should assume as pre-empted. 
The procedure applies assuming all DL CCs (or UL CCs) are timing aligned

	DAI counting for Type-2 HARQ-ACK codebook
	X
	
	This refers to text in 38.213 9.1.3.1 that specifies DAI counting for Type-2 HARQ-ACK codebook
The procedure applies assuming all DL CCs (or UL CCs) are timing aligned
FFS: Alt.1-3 in note 3

	Note 1:
· ‘Logical time’ means that all the following is assumed to be zero: (1) DL-to-DL timing differences between CCs; (2) UL-to-UL timing differences across different TAGs; (3) UL timing advance
· ‘Actual time’ means that values observed by the UE are assumed for: (1) DL-to-DL timing differences between CCs; (2) UL-to-UL timing differences across different TAGs, (3) UL timing advance
Note 2:
· The discussion is about timing relationships between NR channels
· Timing relationship between LTE and NR in EN-DC is not covered
· Only covering Rel-15
· Async NR-DC is not covered
Note 3: Consider following alternatives during the meeting.
· Alt.1: Capture the clarifications identified in this discussion as a conclusion in chairman notes, and no updates to the specs
· Alt.2: Fix/improve the relevant spec portions identified in this discussion
· Alt.3: Capture the clarifications identified in this discussion as a conclusion in chairman notes, and also update the relevant spec portions




Proposal 2: Clarify following in the Chairman’s note.
· In a slot having “D”s, “F”s, and “U”s, when the UE is configured to receive/monitor DL by semi-static configuration (e.g., to monitor PDCCH) in the symbols of “F”, if UL symbols come earlier than the “F”s due to TA, the UE is not expected to receive/monitor DL by the semi-static configuration (see following figure).
· For a slot having “D”s, “F”s, and “U”s, after the TA, “U”s should not be earlier than “D”s in the same slot.
· In the same following figure, TA of 1 slot + 13us should be an error case.
[image: cid:image002.png@01D57D06.AA98BCF0]

Proposal 3: Adopt draft CR R1-1911089 that proposes to make sure that NTA_new is not less than zero.


Appendix 
Minimum Timing Advance
[image: ]

Maximum Timing Advance
[image: ]

Maximum DL-DL and UL-DL timing differences
[image: ]
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