[bookmark: OLE_LINK6][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #103-e																																																				R1-2008010
[bookmark: _Hlk53514610]e-Meeting, October 26th – November 13th, 2020

Source:	CMCC
[bookmark: _Hlk53149182]Title:	Discussion on timing relationship enhancements for NTN
[bookmark: Source]Agenda Item:	8.4.1
Document for:	Discussion and Decision
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[bookmark: _Hlk521259925]In the last RAN1 #102-e meeting, several agreements were achieved on timing relationship enhancements for NTN [1].
	[bookmark: _Hlk49429056]Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.

[bookmark: _Hlk49428996]Agreement:
For Koffset used in initial access, the information of Koffset is carried in system information. 
· [bookmark: _Hlk53214636][bookmark: _Hlk53212950][bookmark: _Hlk53215658][bookmark: _Hlk53215618]FFS implicit and/or explicit signaling of Koffset in system information.
· [bookmark: _Hlk53215739]FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.


In this contribution, we will discuss on Koffset signaling and update, value range of K1/K2 and MAC CE timing relationship.
Discussion on Koffset signaling and update
Koffset in initial access
On FFS: implicit and/or explicit signaling of Koffset in system information
For the value of Koffset used in initial access, the following options have been intensely discussed in last meeting but with no consensus [2].
· Option 1: A cell-specific value of K_offset is configured in system information.
· Option 2: One or more beam-specific values of K_offset are configured in system information.
· Option 2b: A value of Koffset is configured per beam or per cell in system information
· Option 3: K_offset is equal to UE specific TA.
· Option 4: K_offset is equal to common TA.
· Option 4b: K_offset is derived from beam-specific common TA
· Option 5: A cell-specific K_offset is derived based on ra-ResponseWindow and an offset for the start of the ra-ResponseWindow in system information.

We preferred Option 4b and Option 2b.
In fact, in NTN, UE needs to obtain several timing related parameters, e.g., Initial Koffset, Common TA, start of RAR window, from system information for UE’s initial access procedure. If some parameters have same magnitude, it is preferred to explicitly indicate one of them in system information, while the others are implicitly derived from the indicated one to save signaling overhead.
W.r.t. Initial Koffset and start of RAR window, only one needs to be explicitly indicated in system information, since both parameters depend on the magnitude of timing advance (TA) that the UE would perform. Regarding Koffset seems more general than RAR windows related parameters (e.g., Koffset may be used for different purposes), RAR windows related parameters can be derived from Koffset, not the other way.
Proposal 1: RAR windows related parameters can be derived from Koffset.

W.r.t. Initial Koffset and Common TA, whether they have the same magnitude or not depend on TA determination solutions. For example, as shown in Figure 1, several TA determination solutions are under discussion [4]. In Option 3 (common TA based solution), Common TA and Koffset have the same magnitude, and they can be derived from each other. In this case, only one parameter needs to be explicitly indicated in system information to save signaling overhead. Nevertheless, in other solutions, at least Koffset needs to be explicitly indicated.


Figure 1: TA determining solution.
· Option 3 (common TA based solution): TA = indicated common TA, where, common TA = satellite to RP (reference point) RTD + feeder link RTD;
· In this case, Common TA = satellite to RP RTD + feeder link RTD, which has the same magnitude of Koffset. Therefore, only one parameter of Common TA and Initial Koffset needs to be explicitly indicated in system information, while the other can be implicit derived.
· Regarding that “Common TA <= Koffset <= Common TA + maximum TA adjust range in RAR”, the two alternatives can be considered
· Alt 1: Common TA is explicitly indicated in system information, while Initial Koffset is calculated as following
· Initial Koffset (in slot) = ⌈Common TA + maximum TA adjust range indicated by RAR⌉
· Alt 2: Initial Koffset is explicitly indicated in system information, while Common TA is calculated as following
· Common TA = Initial Koffset - maximum TA adjust range indicated by RAR
Proposal 2: For Common TA based TA determining solution, only one of Common TA and Initial Koffset is explicitly indicated in system information. The following alternatives for further study
· Alt 1 (i.e., Option 4b): Common TA is explicitly indicated in system information, while Initial Koffset is derived from Common TA as following
· Initial Koffset (in slot) = ⌈Common TA + maximum TA adjust range indicated by RAR⌉
· Alt 2: Initial Koffset is explicitly indicated in system information, while Common TA is derived from Initial Koffset as following
· Common TA = Initial Koffset - maximum TA adjust range indicated by RAR
Proposal 3: For TA determining solutions except for Common TA based one, Initial Koffset can be explicitly indicated in system information.

[bookmark: _Hlk53500432]On FFS: a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value
It is a common problem encountered in NTN to inform beam original parameters (e.g., Initial Koffset, Common TA, start of RAR window, etc.) in cell specific solution (a cell specific value used in all beams of a cell) or in beam specific solution (each beam in a cell uses a beam-specific value). In our view, we prefer to beam specific solution for finer granularity.
Proposal 4: Beam specific indication for Initial Koffset and/or Common TA (i.e., each beam in a cell uses a beam-specific value) is supported.

The next question is how to indicate beam specific parameters in system information. The following two alternatives can be considered.
· Alt 1: cell specific system information with a list of beam-specific value to be repeated across beams.
· Alt 2: beam specific system information, where each SI carries different beam-specific value.
Alt 1 can be a baseline since it has been supported by current specification.
Proposal 5: For beam specific indication, cell specific system information with a list of beam-specific value to be repeated across beams as a baseline.

Alt 2 is attractive since it can significantly reduce signaling overhead and needs further study. According to our observation, the specification impact of Alt 2 seems minor. For example, beam-specific Initial Koffset and/or Common TA value can be carried in SIB1 or other SIB(s).
· For SIB1 case, each Type0-PDCCH CSS is associated with a SSB. Then PDCCH for beam-specific SIB1 can be beam specific, and UE can determine it according to its associated SSB.
· For other SIB(s) case, UE can determine PDCCH monitoring occasion (s) associated with a given SSB from current specification. To support beam-specific other SI, specification can be enhanced to restrict UE only monitoring in PDCCH monitoring occasion (s) associated with its SSB.
Proposal 6: Further study beam specific system information, where each SI carries different beam-specific value.

Koffset update after initial access
On FFS: whether/how to update Koffset after initial access.
Note that, 

i.e., introduce Koffst and/or enlarge k1/k2 value range have similar effect for enlarging timing indication range.
As discussed in [2], the NTN beam size can be quite large. TR 38.821 captures that the maximum satellite beam size can be up to 3500 km for GEO and 1000 km for LEO, resulting in up to 10.3 ms for GEO and 3.2 ms for LEO maximum differential delay within a satellite beam. In such a large cell, the RTT values of different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO.
· 20.6 ms is equivalent to 20.6 / 51.2 / 102.4 / 204.8 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.
· 6.4 ms is equivalent to 6.4 / 12.8 / 25.6 / 51.2 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.
It is reasonable to support updating Koffset after initial access, otherwise, the ranges of K1 and/or K2 need to be significantly extended.
Nevertheless, only relying on RRC updating Koffset is not sufficient, since it may introduce numerous RRC signaling overhead for frequently updating Koffset to capture rapidly changed RTT in LEO scenario. To resolve this problem, it is suggested to slightly extend K1/K2 value range (e.g., K1 value extend to 0..31) on the top of Koffset updating to reduce RRC signaling overhead. In this case, after initial access, initial Koffset is updated (i.e., shrunken) via UE specific RRC signaling to fit current satellite RTD. DCI based timing relationship indication is then applied with extended K1/K2 value range. Koffset can be further updated once the accumulated timing error beyond K1/K2 value range.
Furthermore, extending K1/K2 value range does not mean the needs to simultaneously extend PDSCH-to-HARQ_feedback timing indicator and/or TDRA (Time domain resource assignment) bit field in DCI, with slightly sacrifice of scheduling flexibility.
Proposal 7: Support Koffset update after initial access with extended K1/K2 value range.

Discussion on value range of K1
As discussed in above section, extending K1 value range is beneficial to NTN to significantly reduce RRC signaling overhead for frequently updating Koffset in LEO scenario.
Furthermore, extending K1 value range is also important for TDD duplex mode especially when up to 32 HARQ process number is already supported in last meeting. As shown in Figure 2, for DL dominated TDD frame structure with up to 32 HARQ process number, the value range of K1 also needs to be extend to beyond 15, otherwise, more than half DL slots cannot be scheduled due to lack of available HARQ-ACK feedback resource caused by out of indication range of K1.


[bookmark: _Hlk53511792]Figure 2: DL dominated frame structure with >16 concatenated DL slots.
Finally, as captured in NTN WID [3], NTN aims to implicitly compatible with HAPS and ATG, and TDD is not precluded in HAPS and ATG scenarios.
	4.1	Objective of SI or Core part WI or Testing part WI
[bookmark: _Hlk53511576]The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG


Based on above discussion, the value range of K1 should be extended to larger than 15, e.g., 31.
Proposal 8: Extend the value range of K1 to larger than 15, e.g., 31.

Discussion on MAC CE timing relationship
There was a deep discussion on MAC CE timing relationship with following views.
	When conducting the analysis, companies may consider the following understanding as a starting point:
· [UL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
· [DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
Companies are encouraged to analyze the above further with a focus on the following aspects:
· Whether the principle described above applies to all MAC CE’s in existing NR. 
· When TA becomes large in NTN, and DL timing and UL timing are aligned at gNB:
· How to modify the timing relationship?
· Does the modification need to be different depending on the type of MAC CE?
· When DL timing and UL timing are not aligned at gNB.


In our view, discussion should be based on the assumption for aligned DL-UL timing at gNB side. Based on above assumption, conform the common understanding achieved in last meeting.
Proposal 9: Discussion should be based on the assumption for aligned DL-UL timing at gNB side.
Proposal 10: For aligned DL-UL timing at gNB side, conform the following understanding achieved in last meeting.
· [UL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
· [DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
Conclusions
In this contribution, we share our views on Koffset signaling and update, value range of K1/K2 and MAC CE timing relationship. The observations and proposals are summarised as follows:
Proposal 1: RAR windows related parameters can be derived from Koffset.
Proposal 2: For Common TA based TA determining solution, only one of Common TA and Initial Koffset is explicitly indicated in system information. The following alternatives for further study
· Alt 1 (i.e., Option 4b): Common TA is explicitly indicated in system information, while Initial Koffset is derived from Common TA as following
· Initial Koffset (in slot) = ⌈Common TA + maximum TA adjust range indicated by RAR⌉
· Alt 2: Initial Koffset is explicitly indicated in system information, while Common TA is derived from Initial Koffset as following
· Common TA = Initial Koffset - maximum TA adjust range indicated by RAR
Proposal 3: For TA determining solutions except for Common TA based one, Initial Koffset can be explicitly indicated in system information.
Proposal 4: Beam specific indication for Initial Koffset and/or Common TA (i.e., each beam in a cell uses a beam-specific value) is supported.
Proposal 5: For beam specific indication, cell specific system information with a list of beam-specific value to be repeated across beams as a baseline.
Proposal 6: Further study beam specific system information, where each SI carries different beam-specific value.
Proposal 7: Support Koffset update after initial access with extended K1/K2 value range.
Proposal 8: Extend the value range of K1 to larger than 15, e.g., 31.
Proposal 9: Discussion should be based on the assumption for aligned DL-UL timing at gNB side.
Proposal 10: For aligned DL-UL timing at gNB side, conform the following understanding achieved in last meeting.
· [UL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
· [DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
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