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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In NR specification there are many timing related processing and procedures. In RAN1#98, it was proposed to clarify the interpretation of timing for each procedure [1] based on two definitions below 
· ‘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
Each timing related processing and procedures is categorized into one of two definitions. However, it may be a bit confusing to do the categorization based on ‘Logical time’ and ‘Actual time’. For example, for any UL transmission, UL timing advance will be applied as long as UL synchronization is achieved. Therefore, we try to analyze the issue from another perspective: the timing at the UE side and the timing at the gNB side. In general, the following basic rules applies
· Scheduling is performed at gNB and any time domain scheduling parameters from gNB to UE refer to the timing at gNB side. 
· For any processing time at UE side, only actual processing time is included, i.e. the TA and/or RF switch time are not included. 
· For any UL transmission at UE side, the UL timing at UE side is used. 
· gNB should take the effect of timing difference at UE side in addition to processing time into account when it makes any scheduling decision.
The detail analysis is provided in following sections.
[bookmark: OLE_LINK13][bookmark: OLE_LINK36][bookmark: _Ref129681832]Discussion
Scheduling resource under gNB control
The scheduling decision is made at gNB. Time domain scheduling parameters are defined at gNB side per CC without considering DL-DL timing difference. However, gNB should consider the effect of TA and RF switch time when it makes scheduling decision. For example, gNB should leave enough time so that a half-duplex UE is not required to receive and transmit simultaneously. At the UE side, a half-duplex UE expects the gap between the end of reception of last DL symbol and the start of first UL transmission is no more than RX-TX switching time. The basic timing relationships for TDD and FDD are provided in Figure 1 and Figure 2 respectively.
[image: ]

Figure 1 Basic concept of DL-UL timing difference for TDD
[image: ]
Figure 2 Basic concept of DL-UL timing difference for FDD
Some parameters related to scheduling timing in RAN1 specifications are listed below.
· 
frame 
· 
subframe 
· 








slot , slot  , slot , slot , slot , , slot ,  slot , slot  , slot , etc. 
· symbol index determined by SLIV 
· 
transmission occasion in section 7 of 38.213

Understanding 1: Scheduling resources are under control at gNB side. gNB should consider the effect of timing difference, Rx-Tx/Tx-Rx transition time at UE side in addition to the processing time when it makes any scheduling decision.
Understanding 2: DL reception follows DL timing at UE side and UL transmission follows UL timing at UE side. 





For example, PUSCH/PUCCH/SRS/PRACH transmission occasion  defined in section 7 of TS 38.213 is defined a kind of scheduling parameter. The slot index  , the system frame number ,  symbol index  and symbol length are all scheduling parameters taking UL timing at UE side. 
With this understanding, for example, the timing procedure for SCell activation/deactivation in section 4.3 of TS 38.213 is shown below. 
[image: ]
Figure 3 Timing for SCell activation/deactivation
In addition to time domain scheduling information, any other scheduling determination at gNB side should follow the gNB timing. For example, the limitation of maximum data rate across all carriers in a cell group is checked at gNB and follows gNB timing as shown in Figure 4. As a matter of fact, the UE is not required to do the maximum data rate check. 
[image: ]
Figure 4 Timing for maximum data rate check
Processing time depending on UE capability
The processing time is defined as how much time UE will take for a specific baseband processing. The timing differences, timing advance and RF switching time should not be included. Some of terms on processing time used in RAN1 specifications are listed below
· 







,,, , , , , Zref , Z'ref(n),  
· 






Tproc,1 , Tproc,2,  T'proc,2, ,,, , , , 
Understanding 3: UL timing advance, Rx-Tx transition time and Tx-Rx transition time are not included in any UE processing time definition.  
DL-UL timing 
TS 38.213 and TS 38.214 define UE behaviors of physical layer procedures on control and data respectively. The terms of reception and transmission are defined at UE side. Hence the timing definitions in TS 38.213 and TS 38.214 are based on DL timing and UL timing at UE side. A UE will expect that there is enough processing time between the end of DL reception and the start of the UL transmission for any operation. 

For example, for the “…A minimum time between the last symbol of the PDSCH reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information is equal to  msec…” in section 8.4 of TS 38.213, “the last symbol of PDSCH reception” means DL symbol D0  following DL timing at side. “the first symbol of the corresponding PUCCH transmission” means UL symbol U0 following UL timing at UE side. “A minimum time between the last symbol of the PDSCH reception and the first symbol of the corresponding PUCCH transmission” means the end of reception of the last PDSCH symbol and the start of transmission of the first PUCCH symbol at UE side, that is, t3- t2 , not t4- t1 in the following figure.
[image: ]
Figure 5 Clarification on term “reception” and “transmission”
Understanding 4: Terms of reception and transmission are mostly described from UE point of view, except for some MIMO related cases where PDSCHs intended for other UEs are concerned from gNB side. 
Understanding 5: The gap between the end of reception and the start of transmission defined in RAN1 specifications does not include TA. 




The above understandings also apply to other processing time definitions, such as ,, andin section 5.3, 5.4 and 6.4 of TS 38.214 respectively. The following figure shows one example. 
[image: ]
Figure 6 PDSCH reception timing
For multiplexing timeline defined in Section 9.2.5 of TS 38.213, using the same terms of reception and transmission, there is no ambiguity as shown below.
[image: ]
Figure 7 UL multiplexing timeing
Another example is how UE determines valid PRACH occasions in section 8.1 of TS 38.213 as following.


“For paired spectrum all PRACH occasions are valid. For unpaired spectrum, if a UE is not provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2..”
This requirements can be shown in the following figure.
[image: ]
Figure 8 PRACH timing 
The above understandings also apply to procedure that UE determines whether a power headroom report for an activated serving cell is based on an actual transmission or a reference format. Downlink control information the UE received until the first uplink symbol of a configured PUSCH transmission minus T'proc,2=Tproc,2…means DCI UE received until time t2.
[image: ]
Figure 9 PHR calculation timing
Duplexing operation
In section 4.3.2 of TS 38.211, UE expects the minimum time between the end of the last received downlink symbol and the first transmitted uplink symbol in the same or different cell within the group of cells not supporting simultaneous transmission and reception is greater than  . UE expects the minimum time between the end of the last transmitted uplink symbol and the first received downlink symbol in the same or different cell within the group of cells not supporting simultaneous transmission and reception is greater than  . The figure below provides the timing requirement definition
[image: ]
Figure 10 Half duplexing requirements
UE feature 5-1b defines whether UE supports more than one DL/UL switch point in a slot. In our view, this feature only counts DL to UL switch. Because UL to DL switch always appears paired with DL to UL switch. UL to DL switch is not counted. For above figure, there is only one DL/UL switch point for the second slot of CC2. 
In section 9.2.6 of 38.213, UE determines the number of symbols available for UL transmission. 
“If the UE determines that, for a PUCCH transmission in a slot, the number of symbols available for the PUCCH transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format, the UE does not transmit the PUCCH in the slot.”
The UE cannot determine flexible symbols as valid UL transmission symbols. The gap between UL-DL switching cannot be viewed as valid UL transmission time as shown below. 
[image: ]
Figure 11 Determination of valid UL transmission for TDD
Another example on half duplexing operation is how UE determines whether to perform RRM measurement in different cell according to section 11.1.1 in TS 38.213. Figure 12 below provides our understanding
[image: ]
Figure 12 RRM measurement determination
Power control 
The power control procedure defines UE transmission behavior. Following the same principles, UL timing at UE side is used. For the multiple UL transmissions in same TA group, only one DL timing reference and same TA are used. 
[image: ]
Figure 13 UL transmission timing in a TAG


For multiple transmissions in different TA groups, timing different between two TAGs should be considered at UE side. For example, in the following figure, transmission occasion i starts before transmission occasion j. 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 , i.e., transmission occasion j.
[image: ]
Figure 14 UL transmission timing in different TAG
Conclusions
In this paper, we provide our view on NR timing. We propose to have following understandings as RAN1 common understanding. 
Understanding 1: Scheduling resources are under control at gNB side. gNB should consider the effect of timing difference, Rx-Tx/Tx-Rx transition time at UE side in addition to the processing time when it makes any scheduling decision.
Understanding 2: DL reception follows DL timing at UE side and UL transmission follows UL timing at UE side. 
Understanding 3: UL timing advance, Rx-Tx transition time and Tx-Rx transition time are not included in any UE processing time definition.  
Understanding 4: Terms of reception and transmission are mostly described from UE point of view, except for some MIMO related cases where PDSCHs intended for other UEs are concerned from gNB side. 
Understanding 5: The gap between the end of reception and the start of transmission defined in RAN1 specifications does not include TA. 
In RAN1 specifications, some related texts may not be clearly reflecting the above understandings. The following text proposals in Section 5 are offered to improve the specification texts based on the above common understanding. 
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Text Proposals

TP-1: Change to section 9.2.5 of TS 38.213
…

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 transmission of 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 PDSCH, where  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCH scheduling the PDSCH, the SCS configuration of the PDSCH, and the smallest SCS configuration for the group of overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the reception of the PDSCH 
…



If there is one or more aperiodic CSI reports multiplexed on PUSCHs in the group of overlapping PUCCHs and PUSCHs and if the transmission of symbol  is before symbol  that is a next uplink symbol with CP starting transmission after  after the reception of the end of the last symbol of
	the last symbol of aperiodic CSI-RS resource for channel measurements, and 
-	the last symbol of aperiodic CSI-IM used for interference measurements, and 

-	the last symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RS is used for channel measurement for triggered CSI report  
…
TP-2: Change to section 5.3 of TS 38.214
…

If the transmission of 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 reception of the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message.
…
TP-3: Change to section 5.4 of TS 38.214
…
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide a valid CSI report for the n-th triggered report, 
-	if the transmission of the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref , and
-	if the first uplink symbol to carry the n-th CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref(n), 


where Zref is defined as the next uplink symbol with its CP starting transmission after the reception of the end of the last symbol of the PDCCH triggering the CSI report(s), and where Z'ref(n), is defined as the next uplink symbol with its CP starting transmission after the end of the last symbol in time of the latest of: aperiodic CSI-RS resource for channel measurements, aperiodic CSI-IM used for interference measurements, and aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement for the n-th triggered CSI report. 
…
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the transmission of the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts earlier than at symbol Zref,
…
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the transmission of the first uplink symbol to carry the n-th CSI report including the effect of the timing advance, starts earlier than at symbol Z'ref(n),
…

TP-4: Change to section 6.1 of TS 38.214
…
A UE is not expected to be scheduled by a PDCCH ending reception in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of the reception of symbol  is not at least  symbols before the beginning of the transmission of symbol . The value  in symbols is determined according to the UE processing capability defined in Subclause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
A UE is not expected to be scheduled by a PDCCH ending reception in symbol  to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol  after symbol , and if the gap between the end of the reception of PDCCH and the beginning of transmission of symbol  is less than  symbols. The value  in symbols is determined according to the UE processing capability defined in Subclause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
...
For non-codebook based transmission, the UE can calculate the precoder used for the transmission of SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook' if configured.
[bookmark: _Hlk515954588]-	If aperiodic SRS resource set is configured, the associated NZP-CSI-RS is indicated via SRS request field in DCI format 0_1 and 1_1, where AperiodicSRS-ResourceTrigger (indicating the association between aperiodic SRS triggering state and SRS resource sets), triggered SRS resource(s) srs-ResourceSetId, csi-RS (indicating the associated NZP-CSI-RS-ResourceId) are higher layer configured in SRS-ResourceSet. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the transmission of the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols. 
…
TP-5: Change to section 6.3 of TS 38.214
…

[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 transmitted 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. 
…
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