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Introduction
In RAN1#104-e, the following agreements and the working assumption were achieved. 
	[bookmark: OLE_LINK3]Agreement in RAN1#104-e:
Confirm the following working assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
Agreement in RAN1#104-e:
Update of K_offset after initial access is supported
[bookmark: OLE_LINK5]Agreement in RAN1#104-e:
[bookmark: OLE_LINK11][bookmark: OLE_LINK7][bookmark: OLE_LINK9]For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
[bookmark: OLE_LINK10][bookmark: OLE_LINK8]FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Working assumption in RAN1#104-e:
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.


Based on the FFS in the above agreements, the following discussions were needed.
· Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· Whether to confirm the working assumption.
Discussion
On K1/K2 range extension
The intention to extend the largest value of K1 from 15 to 30 in the PDSCH-to-HARQ-timing-indicator configured by RRC is to provide optimization for scheduling flexibility in case of an NTN UE operated in TDD or half-duplex FDD modes for ATG or HIBS scenarios. The remaining issue is whether there is any impact on the DCI size.
In Rel-15, the value range of K1 in the PDSCH-to-HARQ-timing-indicator is provided by PUCCH-Config. The range value is given by INTEGER (0..15) and at most 8 values can be configured given by SIZE (1..8).
	3GPP TS 38.331 V16.3.1 (2021-01)
PUCCH-Config ::= SEQUENCE { 
dl-DataToUL-ACK SEQUENCE (SIZE (1..8)) OF INTEGER (0..15) OPTIONAL, -- Need M


These RRC configured K1 values is only used for DCI format 1_1, and the indicator bits is determined by how many K1 values are configured as defined in TS 38.212. For example, if two K1 values are configured by RRC, then PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 has 1 bit where ‘0’ indicates 1st value and ‘1’ indicates 2nd value provided by dl-DataToUL-ACK, as defined in Table 9.2.3-1 in TS 38.213. 
	3GPP TS 38.212 V16.4.0 (2020-12), 7.3.1.2.2 Format 1_1
PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where  is the number of entries in the higher layer parameter dl-DataToUL-ACK


If the size of dl-DataToUL-ACK keeps unchanged, then there is no impact on the PDSCH-to-HARQ_feedback timing indicator bits when the largest value of K1 is extended from 15 to 30.
[bookmark: _Toc66174002]Extending the value range of K1 has no impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Note that since 3 bits in DCI can only indicate 8 values (we understood RAN1 is not considering extending the number of bits for K1 indication), to multiplex more than 8 HARQ feedback is not supported in Rel-16.
[bookmark: _Toc66174003]Since 3 bits in DCI can only indicate 8 values, to multiplex more than 8 HARQ feedback is not supported in Rel-16.
However, considering the latency requirement, e.g., 20km altitude for HAPS, further enhance K1 to support 32 HARQ multiplexed in a HARQ-ACK codebook is not essential. Therefore, we propose not to change the size of dl-DataToUL-ACK to keep the size of the PDSCH-to-HARQ_feedback timing indicator field unchanged.
[bookmark: _Toc66953123]Do not change the size of dl-DataToUL-ACK regarding the latency requirement for HIBS and ATG.
In Rel-16, dl-DataToUL-ACK has been extended from (0..15) to (-1..15) to support non-numeric K1 for NR-U. A new IE dl-DataToUL-ACK-r16 is used to differentiate it from the old IE dl-DataToUL-ACK.
	3GPP TS 38.331 V16.3.1 (2021-01)
PUCCH-Config ::= SEQUENCE { 
dl-DataToUL-ACK-r16 SetupRelease { DL-DataToUL-ACK-r16 } OPTIONAL, -- Need M
DL-DataToUL-ACK-r16 ::= SEQUENCE (SIZE (1..8)) OF INTEGER (-1..15)


Since Rel-16 NR-U specs are relatively stable, dl-DataToUL-ACK-r16 might be a good reference to evaluate possible spec impacts considering the largest value of K1 will be extended from 15 to 30. 
Assuming that a new IE dl-DataToUL-ACK-r17 will be used to extend the largest value of K1, we then have identified 3 potential issues in RAN1 and RAN2 specs as follows.
Issue#1: whether the range DL-DataToUL-ACK-DCI-1-2 shall be extended to 30.
Although DCI format 1-2 is introduced for URLLC, its K1 values can be configurable as well. It is unclear whether DCI format 1-2 is supported in NTN and whether its value range shall be extended based on the current agreement.
	3GPP TS 38.212 V16.4.0 (2020-12), Format 1_2
PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as ⌈log2(𝐼)⌉ bits, where I is the number of entries in the higher layer parameter DL-DataToUL-ACK-DCI-1-2.


[bookmark: _Toc66953124]It is unclear whether the range DL-DataToUL-ACK-DCI-1-2 shall be extended. Whether to support DCI format 1-2 in NTN shall be discussed in RAN1.
Issue#2: editorial issues
It is not clear whether dl-DataToUL-ACK for different releases shall be all captured in specs. This can be also found in Table 9.2.3-1 in TS 38.213, where the spec has captured the same IE for different releases.
	3GPP TS 38.213 V16.4.0 (2020-12), 9.2.3 UE procedure for reporting HARQ-ACK
For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-toHARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dlDataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2, as defined in Table 9.2.3-1.


[bookmark: _Toc66953125]If a new RRC IE, e.g., dl-DataToUL-ACK-r17, is introduced to extend the value range of K1, whether to capture all releases of the IE, e.g., dl-DataToUL-ACK, dl-DataToUL-ACK-r16, dl-DataToUL-ACK-r17, shall be discussed in RAN1.
Issue#3: what if both dl-DataToUL-ACK and dl-DataToUL-ACK-r17 are signaled.
In Rel-16, if dl-DataToUL-ACK-r16 is signaled, UE shall ignore dl-DataToUL-ACK. Whether the same mechanism can be reused for dl-DataToUL-ACK-r17 might be an issue.
	[bookmark: OLE_LINK1]3GPP TS 38.331 V16.3.1 (2021-01), dl-DataToUL-ACK, dl-DataToUL-ACK-DCI-1-2
List of timing for given PDSCH to the DL ACK (see TS 38.213 [13], clause 9.1.2). The field dl-DataToUL-ACK applies to DCI format 1_1 and the field dl-DataToUL-ACK-DCI-1-2 applies to DCI format 1_2 (see TS 38.212 [17], clause 7.3.1 and TS 38.213 [13], clause 9.2.3). If dl-DataToUL-ACK-r16 is signaled, UE shall ignore the dl-DataToUL-ACK (without suffix). The value -1 corresponds to "non-numerical value" for the case where the A/N feedback timing is not explicitly included at the time of scheduling PDSCH


[bookmark: _Toc66953126]If dl-DataToUL-ACK-r17 is signaled, whether UE shall ignore the dl-DataToUL-ACK-r16 and the dl-DataToUL-ACK shall be discussed in RAN1.

Timing relationship of TA command
The intention to introduce K_offset for the timing advance command (TAC) is to prevent an error case that its action time being before its reception time. In Rel-16, the action for TAC is defined in TS 38.213 as below. 
	3GPP TS 38.213 V16.4.0 (2020-12), 4.2 Transmission timing adjustments
For a timing advance command received on uplink slot n and for a transmission other than a PUSCH scheduled by a RAR UL grant or a fallbackRAR UL grant as described in Clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in Clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot  where  ,  is a time duration in msec of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration in msec of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214],  is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,  is the number of slots per subframe, and  is the subframe duration of 1 msec. 


The max value of k is less than 4ms, where (13 symbols),   (10 symbols), and ms. Therefore, when UE applies a TA value larger than or equal to 6ms, an error case happens. This shows in Figure 1.
[bookmark: _Hlk64884456][image: Graphical user interface
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[bookmark: _Ref64713443]Figure 1: an error case for applying a received TA command if the previous TA = 6ms
[bookmark: _Hlk64884472]Note that in the above spec “received on uplink slot n” means “received on downlink slot n” by assuming . 
	3GPP TS 38.213 V16.4.0 (2020-12), 4.2 Transmission timing adjustments
The uplink slot n is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming , where the PDSCH provides the timing advance command and  is defined in [4, TS 38.211].


To handle this issue, as pointed out by companies, either to enlarge  or to add K_offset could resolve this issue. Since the corresponding HARQ-ACK shall apply K_offset, to minimize spec impact, the action time shall follow.
[bookmark: _Toc66953127]Confirm the following working assumption: Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
However, if a new TA adjustment value applied by a UE is greater than , e.g., a joint timing for applying UE autonomous TA estimation, common TA estimation, and a received TA command, then NW shall guarantee sufficient UE processing time and MAC layer processing time to adjust TA value. Check Appendix I for more details.
[bookmark: _Toc66953128]A new TA adjustment value applied by a UE shall not be greater than , considering the combination of both open and closed control loops will be supported for NTN.

Support of DL and UL are aligned at the gNB
As a recommendation from the moderator in R1-2102078, the following discussions were encouraged: 
[bookmark: _Hlk64971986]Moderator recommendation on Issue #4: Companies are encouraged to provide input to RAN1#104bis-e on whether to prioritize NTN designs that support systems where DL and UL are aligned at the gNB.
[bookmark: _Hlk64968708]This proposal intends to deprioritize systems where DL and UL are misaligned at the gNB. This happens when the UL RX and DL TX frames are aligned only at the satellite shown in Figure 2. As a result, the misalignment at the gNB will change continuously with time due to the satellite mobility, as mentioned in R1-2006674 given below.
It is proposed to consider the reference point for UL timing synchronization at the satellite. It means that Timing Advance acquisition and updates are computed considering the satellite position as the reference for UL timing synchronization. As a consequence, the UL RX and DL TX frames are aligned only at the satellite. The gNB should be able to deal with a time shift of two times the gNB-Satellite common propagation delay between UL RX and DL TX frames. This gNB-Satellite common delay is going to change continuously with time due to the satellite mobility.
[image: A picture containing arrow
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[bookmark: _Ref64968922]Figure 2: Impact of having the UL and DL timing alignment at the satellite
Timing-varying time delay (TD) due to that DL and UL frame timing is not aligned at gNB will make spec impacts on 
· UE action time on MAC-CE command
· DRX-HARQ-RTT-TimerDL
· PRACH preamble ambiguity 
· RAR window and msgB-RAR window 
Some issues above have been identified based on the following agreements found in RAN1 and RAN2.
	Agreement in RAN1#113-e
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.
Agreements online in RAN2#113-e
· For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e. existing values within value range increased by offset). RAN2 working assumption: offset is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it)

Agreements online in RAN2#112-e
· If the UE-gNB RTT is pre-compensated, preamble ambiguity is not an issue in Rel-17 NTN (i.e. no enhancements are necessary). FFS how and by whom the possibly multiple components of UE-gNB RTT are pre-compensated
Agreements via email - offline 103:
· If the start of the ra-ResponseWindow and msgB-ResponseWindow is accurately compensated by UE-gNB RTT, ra-ResponseWindow and msgB-ResponseWindow are not extended in LEO/GEO.
Agreements online in RAN2#112-e
· UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN


Also, a gNB may connect multiple satellites, where each satellite would require a satellite-specific TD at the gNB. As a result, the misalignment at the gNB will sure complicate scheduling.
[bookmark: _Toc66953129]Support at least systems where DL and UL are aligned at the gNB to avoid any un-synchronized scheduling and have fewer spec impacts at least on MAC-CE and DRX, and the RA procedure.
However, companies pointed out that the support of DL and UL are aligned at the gNB will complicate the legacy timing advance procedure. Especially, the granularity of TA will be difficult to be achieved when the feeder link is also part of the TA and the gNB shall signal the feeder link delay frequently. 
[bookmark: _Hlk65072121]To handle the signalling overhead, to our best understanding, providing the GW’s location might be a better solution if there is no security concern from the satellite companies.
[bookmark: _Toc66953130]To handle TA signalling overhead due to the support of DL and UL aligned at the gNB, the feasibility of providing the gateway’s location shall be revisited in RAN1. 
[bookmark: _Hlk65072779]If DL and UL are NOT aligned at the gNB, some hidden assumptions may need more discissions in RAN1, e.g., whether TD is the same across all CCs and whether gNB shall always assume TD = 0 for schedule, shown in Appendix II.
[bookmark: _Toc66953131]If the timing misaligned at the gNB is supported, it is unclear whether gNB shall always assume DL and UL are aligned at the gNB to schedule UL and DL resources, i.e., gNB schedules only based on the logical time. 

Start of RAR window 
As a recommendation from the moderator in R1-2102078, the following discussions were encouraged.
Moderator recommendation on Issue #10: On the start of RAR window, companies are encouraged to conduct more investigations and provide input to RAN1#104bis-e, taking into account the following observation: UE specific RTT can be used to determine the start of PDCCH monitoring for RAR window, which can be equivalently achieved if the determination of the start of RAR window is based on DL timing.
It seems that the start of the RAR window is accurately compensated by UE-gNB RTT is the working assumption among RAN1 and RAN2 working groups. Therefore, the remaining issue is how to capture this in the current specs.
[bookmark: _Toc66953132]To align with the RAN2#113 agreement, RAN1 shall confirm the following working assumption: ra-ResponseWindow and msgB-ResponseWindow are accurately compensated by UE-gNB RTT.
How to capture in the specs whether it is based on DL timing frame (without additional offset) or the UL timing frame (with additional offset) can be further discussed in a running CR. 

PDCCH ordered PRACH
As a recommendation from the moderator in R1-2102078, the following discussions were encouraged.
Moderator recommendation on Issue #11: On PDCCH ordered PRACH timing relationship, interested companies are encouraged to provide input to RAN1#104bis-e, taking into account the fact that network may not know which PRACH occasion is selected by the UE according to UE’s “next available PRACH occasion” and thus would need to perform additional blind detection if enhancement is not introduced.
The issue is that when random access (RA) is triggered by DCI as known as a PDCCH ordered PRACH when UL synchronisation status is "non-synchronised" or by RRC upon synchronous reconfiguration (e.g., handover), an NTN UE shall apply an estimated TA value on the “next available PRACH occasion”. Since this TA value is unknown by NW, NW may not know which PRACH occasion would be valid to UE, thus additional blind detection would be needed.  
To prevent additional blind detection at the NW side, an offset can be introduced and configured by NW.
[bookmark: _Toc66953133]To prevent additional blind detection at gNB, introduce an offset between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission.

Conclusion
In this contribution, we have the following observations
Observation 1	Extending the value range of K1 has no impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Observation 2	Since 3 bits in DCI can only indicate 8 values, to multiplex more than 8 HARQ feedback is not supported in Rel-16.

Based on observations, the following proposals are made
Proposal 1	Do not change the size of dl-DataToUL-ACK regarding the latency requirement for HIBS and ATG.
Proposal 2	It is unclear whether the range DL-DataToUL-ACK-DCI-1-2 shall be extended. Whether to support DCI format 1-2 in NTN shall be discussed in RAN1.
Proposal 3	If a new RRC IE, e.g., dl-DataToUL-ACK-r17, is introduced to extend the value range of K1, whether to capture all releases of the IE, e.g., dl-DataToUL-ACK, dl-DataToUL-ACK-r16, dl-DataToUL-ACK-r17, shall be discussed in RAN1.
Proposal 4	If dl-DataToUL-ACK-r17 is signaled, whether UE shall ignore the dl-DataToUL-ACK-r16 and the dl-DataToUL-ACK shall be discussed in RAN1.
Proposal 5	Confirm the following working assumption: Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
Proposal 6	A new TA adjustment value applied by a UE shall not be greater than , considering the combination of both open and closed control loops will be supported for NTN.
Proposal 7	Support at least systems where DL and UL are aligned at the gNB to avoid any un-synchronized scheduling and have fewer spec impacts at least on MAC-CE and DRX, and the RA procedure.
Proposal 8	To handle TA signalling overhead due to the support of DL and UL aligned at the gNB, the feasibility of providing the gateway’s location shall be revisited in RAN1.
Proposal 9	If the timing misaligned at the gNB is supported, it is unclear whether gNB shall always assume DL and UL are aligned at the gNB to schedule UL and DL resources, i.e., gNB schedules only based on the logical time.
Proposal 10	To align with the RAN2#113 agreement, RAN1 shall confirm the following working assumption: ra-ResponseWindow and msgB-ResponseWindow are accurately compensated by UE-gNB RTT.
Proposal 11	To prevent additional blind detection at gNB, introduce an offset between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission.
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[bookmark: _Ref64735058][bookmark: _Ref64993489]Appendix I
The applying time for the TA adjustment command was agreed in RAN1#93. Before that, some discussion can be found in RAN1#92 and RAN1#92-bis.
	Offline conclusion in R1-1803446 in RAN1#92
The minimum time gap between the reception of 6 bit TA command - conveyed through PDSCH - and the corresponding adjustment of the uplink transmission timing, when PDSCH and uplink transmission have the same SCS, is given by the following equation:
· Alt 1: Duration of N1 + duration of N2 + L2
· Alt 2: max{1 ms, Duration of N1 + duration of L2 + TA_new}
· Alt 3: Duration of N1 + duration of N2 + duration of L2 + TA_new
· N1 refers to the value determined in control session with front loaded plus additional DMRS and depends on UE capability
· N2 also refers to the value determined in control session and depends on UE capability
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· Note: If PDSCH and uplink transmission have different SCS, values of N1 and N2 will refer to the ones determined in control session.”
Working assumption in RAN1#92-bis
For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS
· Note: Spec captures the value k for different SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values.
· If this happens, it is up to UE’s implementation.
· FFS: the reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs.  
Agreements in RAN1#93
Confirm the following working assumption with updates in red:
For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot m, where slot m is determined starting from the end of slot n with an additional offset of ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1 and is determined by the reference SCS
· N2 also refers to the value determined in control session with UE capability #1 and is determined by the reference SCS 
· The reference SCS for N1 & N2 is the minimum SCS among the subcarrier spacings of all the configured BWPs in all the configured uplink carriers in a TAG, and their corresponding configured downlink carriers/BWPs.
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS  minimum SCS among the subcarrier spacings of all the configured BWPs in all the configured uplink carriers in a TAG and initial active UL BWP
· Note: Spec captures the value k offset for different SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values
· If this happens, it is up to UE’s implementation.
· Slot m and slot_duration are defined based on the minimum SCS among the subcarrier spacings of all the configured BWPs in all the configured uplink carriers in a TAG.


The intention is to find the minimum time gap between the reception of the 6-bit TA command and its applying timing. These agreements consider UE PDSCH processing time, UE PUSCH processing time, MAC layer processing time, and a new TA value carried by the TA command. A good illustration can be found in R1-1805525.


[bookmark: _Ref64734567]Figure 3: UE processing timeline for a 6-bit TA command in R1-1805525.
[bookmark: _Hlk64900691]In RAN1#92-bis, the intention to replace TA_new by TA_max might be to prevent decoding the 6-bit TA command or to align with the minimum time gap between Msg2 and Msg3.
[bookmark: _Hlk64900159]In Rel-16, TA_max is always greater than a new TA, therefore when a UE applies the new TA on a PUSCH, the new PUSCH timing will start after the end of N2 and the UE processing time can be ensured. 
However, In Rel-17 NTN, if TA_new > TA_max, then UE may need to transmit a PUSCH before the end of N2 or before t1 when the new TA is known to UE. 
[bookmark: _Ref65058199]Appendix II
[bookmark: _Hlk65072820]When DL and UL frame timing is not aligned at gNB, the UL and DL timelines are illustrated in Figure 4. 
[image: Timeline
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[bookmark: _Ref65056365]Figure 4: an example for timing misalignment at gNB with service link delay = 1ms and feeder link delay = 4ms
R1-1911583 provides the following table, each row provides the considered procedure; example(s) of the corresponding specification for the given procedure; and RAN1’s common understanding. 
When DL and UL frame timing is not aligned at gNB, we provide our comments below, initiated by [APT] in blue.
	Procedure
	Corresponding spec example
	[bookmark: _Hlk22170817]RAN1’s common understanding

	PUCCH overlapping groups
	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

	
This procedure applies assuming all UL CCs are timing aligned (i.e., no DL timing difference across DL carriers, and no TA differences across UL carriers).

[APT] there would be no impact if the timing misalignment (TD) is the same across all UL CCs.



	Multiplexing timeline
	
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]. 

	
For this procedure, the UE expects the first symbol S0 among a group of overlapping PUCCHs and PUSCHs in the slot satisfies the timeline conditions. 

Whether or not the first symbol S0 among a group overlapping PUCCHs and PUSCHs in the slot satisfies the timeline conditions is taking into account TA(s) and DL timing difference(s) among the cells. 

[APT] there would be no impact if the timing misalignment (TD) is the same across all UL CCs.



	PDSCH-to-PUCCH mapping
	
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. 

	
For k=0, the slot overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release is determined assuming DL timing difference is 0 and TA=0

[APT] if TD is non-zero, there is no slot overlap at gNB. However, there would be no spec impact if the gNB assumes TD = 0 to make a schedule.  



	PDCCH-to-PDSCH mapping
	
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:


	
The slot allocated for the PDSCH is determined assuming DL timing difference is 0 

[APT] no spec impact if gNB assume assumes TD = 0.




	PDCCH-to-PUSCH mapping
	
6.1.2.1	Resource allocation in time domain
[…]



-	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:

	
The slot allocated for the PDSCH is determined assuming DL timing difference is 0 and TA=0 

[APT] no spec impact if gNB assume assumes TD = 0.




	Processing time
	
5.3	UE PDSCH processing procedure time

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. 

6.4	UE PUSCH preparation procedure time

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. 


	
Whether or not the PDSCH processing procedure time or PUSCH preparation procedure time satisfies the timeline Tproc,1 or Tproc,2 takes into account TA(s) and DL timing difference(s).

[APT] no spec impact if gNB assume assumes TD = 0.



	MAC action time
	
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 . 

Similar spec is found in 38.213 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.


	
Following are some examples of describing RAN1’s understanding of how the MAC CE activation/deactivation timing is determined:

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.


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.


[APT] K_MAC is needed to ensure a MAC-CE shall be activated after gNB receives its HARQ feedback.

[APT] no other impact if assume TD is the same across all UL CCs and TD = 0.


	MAC-level timers
	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).
	[APT] UE-gNB RTT is needed to ensure that gNB and UE have a common understanding of when to start and when to stop.  


	Max data rate
	
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: 


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: 
,


	
The procedure applies assuming all DL CCs (or UL CCs) are timing aligned (i.e., no DL timing difference across DL carriers, and no TA differences across UL carriers)

[APT] no spec impact if assume TD is the same across all UL CCs.




	Power control (power-scaling)
	
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.


	

The power-scaling is carried out (if necessary) on actually overlapped transmissions. It is carried out (if necessary) such that the UE transmit power does not exceed PCMAX_hat at any point of time.

[APT] no spec impact if assume TD is the same across all UL CCs.
  

	PHR
	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 

	
The procedure applies assuming all UL CCs are timing aligned (i.e., no DL timing difference across DL carriers, and no TA differences across UL carriers)

Note: the “timing aligned” is for alignment between different companies understandings and not intended for clarification in the specifications

[APT] no spec impact if assume TD is the same across all UL CCs.



	Slot format (check cross-CC SFI)
	
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. 
[…]

	
If a SFI in a cell indicates a slot format for the same or another cell, the indication assumes the cells are timing aligned  (i.e., no DL timing difference across DL carriers, and no TA differences across UL carriers)

Note: the “timing aligned” is for alignment between different companies understandings and not intended for clarification in the specifications

[APT] no spec impact if assume TD is the same across all UL CCs. However, other issues for SFI have been discussed before, and they may need a revisit when companies consider supporting TDD in NTN.



	Number of switching points, other TDD limitations
	
	

	Time threshold for default beam vs. new TCI beam
	
5.1.5	Antenna ports quasi co-location
[…]
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.

	

From the UE point of view, the “offset between the reception of the DL DCI and the corresponding PDSCH” takes into account the DL timing difference(s) between the DL DCI and the PDSCH in case of cross-carrier scheduling.

[APT] no spec impact if assume TD is the same across all UL CCs, and TD = 0.




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

	
The “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” takes into account DL timing difference(s) and TA(s).

[APT] no spec impact if assume TD is the same across all UL CCs and TD = 0. 



	Overlapping channels for dropping rule
	
38.213 9.2.6 and 38.214 5.2.5


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.


	
The procedure applies assuming all UL CCs are timing aligned  (i.e., and no TA differences across UL carriers)

Note: the “timing aligned” is for alignment between different companies understandings and not intended for clarification in the specifications

[APT] no spec impact if assume TD is the same across all UL CCs and TD = 0. 



	SSB/RRM vs. dynamic UL grant
	
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.

	
The determination of “if the SS/PBCH block or CSI-RS reception includes at least one symbol from the set of symbols“ takes into account DL timing difference(s) and TA(s)

[APT] no spec impact if assume TD is the same across all UL CCs and TD = 0. 



	DL PI
	
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

	
The procedure applies assuming all DL CCs are timing aligned (i.e., no DL timing difference across DL carriers, and no TA differences across UL carriers)

[APT] no spec impact if assume TD is the same across all UL CCs and TD = 0. 




	DAI counting for Type-2 HARQ-ACK codebook
	
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 procedure applies assuming all DL CCs are timing aligned (i.e., no DL timing difference across DL carriers,)

[APT] no spec impact if assume TD is the same across all UL CCs and TD = 0. 




	Note:
· Text in " RAN1’s common understanding" column is only  for alignment of understanding between different companies. If specifications are updated in the future to clarify timing handling for some of the procedures, other clarification approaches (e.g. specifying using explicit slot numbering instead of 0 TA assumption) can be used.

· 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
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