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[bookmark: _Hlk521259925]A new work item on non-terrestrial networks (NTN) was approved in RAN#86 meeting [1], with the following objectives: 
	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
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.


The detailed objectives in RAN1 as follows:
	Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode


In this contribution, we will discuss on timing relationship enhancements for NTN, with implicit compatibility to support HAPS and ATG scenarios.
Discussion on physical layer timing relationship
On timing relationship
In TR 38.821 [2], two solutions on timing relationship were discussed, where, 
· [bookmark: _Hlk31184943]Solution 1: UE applies a large TA, and gNB’s DL and UL frame timing are aligned. In this solution, a UE may need to apply a large TA value that leads to a large offset in its DL and UL frame timing;
· Solution 2: UE applies a UE specific differential TA, and a large DL and UL frame timing offset exists at gNB side, which is equal to common TA as indicated by network.
[image: ]  [image: ]
(a) [bookmark: _Hlk31208303]Solution 1																																									(b) Solution 2
[bookmark: _Hlk46679217]Figure 1: Timing relationship in NTN.
Solution 1 is preferred, since it can keep DL and UL frame timing aligned at gNB side just like terrestrial network, which may simplify gNB’s design especial in HAPS and ATG scenarios with TDD duplex mode. On the contrary , the benefit of solution 2 to utilize smaller TA value at UE side is unclear for us, since  based solution has been carefully investigated in SI to indicate larger TA range at UE side.
Proposal 1: W.r.t. timing relationship in NTN, Solution 1 (i.e., UE applies a large TA to guarantee that gNB’s DL and UL frame timing keep aligned) is preferred.

On  based solution
Nevertheless, regarding  based solution, there are some confusions on slot index n due to the DL and UL frame timing difference larger than one slot at UE side. For example, in the following statements as captured in TR 38.821 [2], what does slot n means?
· [bookmark: _Hlk31208897]Transmission timing for PUSCH scheduled by DCI: When the UE is scheduled to transmit PUSCH by a DCI, the DCI indicates the slot offset  among other things. The slot allocated for the PUSCH is , where  is the slot with the scheduling DCI,  is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively.
· Transmission timing for CSI on PUSCH: The transmission timing of CSI on PUSCH follows the general transmission timing for DCI scheduled PUSCH.
· Transmission timing for PUSCH scheduled by RAR grant: With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot , where  and  are provided in TS 38.214.
· Transmission timing for HARQ-ACK on PUCCH: With reference to slots for PUCCH transmissions, for a PDSCH reception ending in slot  or 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.
· CSI reference resource timing: The CSI reference resource for a CSI report in uplink slot  is defined by a single downlink slot , where  . Here,  and  are the subcarrier spacing configurations for DL and UL, respectively. The value of  depends on the type of CSI report and is defined in TS 38.214.
· Aperiodic SRS transmission timing: If a UE receives a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot , where  is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission,  and  are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively.



(a) Transmission timing for PUSCH scheduled by DCI


(b) CSI reference resource timing
Figure 2: Timing relationships enhancement in NTN
In the case of full TA is compensated at UE side (i.e., Option 1 in Figure 1), thanks to the DL and UL frame timing alignment can be kept in gNB side, a possible solution is to define UE’s timing relationship according gNB’s ones, i.e., 
· The DL timing boundary of slot n at UE side is determined as the receiving timing of DL signal transmit, which is transmit by network at slot n at gNB side;
· The UL timing boundary of slot n at UE side is determined as the transmission timing of UL signal, which is received by network at slot n at gNB side.
According to above terminology, the following timing relations enhancement as discussed in TR 38.821 can be self-consistent, where figure 2 shows some illustrations on transmission timing for PUSCH scheduled by DCI and CSI reference resource timing,
· Transmission timing for PUSCH scheduled by DCI
· Transmission timing for CSI on PUSCH
· Transmission timing for PUSCH scheduled by RAR grant
· Transmission timing for HARQ-ACK on PUCCH
· CSI reference resource timing
· Aperiodic SRS transmission timing
Proposal 2: It is suggested to define UE’s timing relationship according gNB’s ones, i.e.,
· The DL timing boundary of slot n at UE side is determined as the receiving timing of DL signal transmit, which is transmit by network at slot n at gNB side;
· The UL timing boundary of slot n at UE side is determined as the transmission timing of UL signal, which is received by network at slot n at gNB side.
Proposal 3: Conform the following timing relations enhancement as discussed in TR 38.821 at NTN work item,
· Transmission timing for PUSCH scheduled by DCI
· Transmission timing for CSI on PUSCH
· Transmission timing for PUSCH scheduled by RAR grant
· Transmission timing for HARQ-ACK on PUCCH
· CSI reference resource timing
· Aperiodic SRS transmission timing

Nevertheless, the timing relations enhancement on MAC CE action timing as discussed in TR 38.821 can NOT keep self-consistent.
· [bookmark: _Hlk31208877]MAC CE action timing: When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot , where  denotes the number of slots per subframe for subcarrier spacing configuration .


(c) [bookmark: _Hlk31210255]MAC CE action timing
Figure 3: Timing relationships enhancement on MAC CE action timing in NTN
As shown in Figure 3, assume gNB first transmits PDSCH carrying a MAC-CE command at slot m at gNB side, and the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is received at slot n at gNB side. Then the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot . So it is suggest to re-consider timing relationships enhancement on MAC CE action timing in NTN,
· MAC CE action timing: When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot  , where  denotes the number of slots per subframe for subcarrier spacing configuration .
Proposal 4: Further discussion on the timing relationships enhancement for MAC CE action timing in NTN.

On  determination
In TR 38.821, it is agreed that
	· Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris. 
In this way, the required TA value for UL transmission including PRACH can be calculated by the UE. The corresponding adjustment can be done, either with UE-specific differential TA or full TA (consisting of UE specific differential TA and common TA). 
W.r.t the full TA compensation at the UE side, both the alignment on the UL timing among UEs and DL and UL frame timing at network side can be achieved. However, in case of satellite with transparent payload, further discussion on how to handle the impact introduced by feeder link will be conducted in normative work. Additional needs for the network to manage the timing offset between the DL and UL frame timing can be considered, if impacts introduced by feeder link is not compensated by UE in corresponding compensation.
· Option 2: Timing advanced adjustment based on network indication
In this way, the common TA, which refers to the common component of propagation delay shared by all UEs within the coverage of same satellite beam/cell, is broadcasted by the network per satellite beam/cell. The calculation of this common TA is conducted by the network with assumption on at least a single reference point per satellite beam/cell.
The indication for UE-specific differential TA from network as the Rel-15 TA mechanism is also needed. For satisfying the larger coverage of NTN, extension of value range for TA indication in RAR, either explicitly or implicitly, is identified. Whether to support negative TA value in corresponding indication will be determined in the normative phase. 
The values of  may be different for each of the identified timing relationships that need to be modified for NTN.
The values of  can be per beam or per-cell. It is for further study whether  is derived from broadcast information or is signalled by higher layers.


As shown in Figure 1, when Solution 1 (i.e., full TA compensation solution at UE side) is applied, timing offset () needs to compensate full TA.
For Opt 2 (i.e., gNB indicates common TA to all users within the coverage of the same beam via SIB/MIB), UE and gNB can have common understanding on full TA after UE received TA command in RAR, where, 
full TA = common TA + TA command
then  can be automatically determined by both UE and gNB via full TA, e.g.,

where,  denotes any function.
Nevertheless, for Opt 1 (i.e., UE can autonomously acquisition of the TA with known location and satellite ephemeris), only UE known full TA.
Assume that common TA is always indicated via system information in the scenario where UE unknown location can NOT be precluded in the coverage of a spot beam, it is preferred to determine default timing offset () only based on common TA to achieve a unified design, which applies for both Opt 1 and Opt 2, as following

For example, in the case of , common TA, and max TA adjust range indicated by RAR have the same time unit,  can be determined as following

It can be guaranteed that  is no less than the maximum propagation delay within the spot beam.
Default timing offset () can be used for random access procedure, and/or RRC connection re-establish procedure. After RRC connection setup, UE specified timing offset () may be signaled by higher layers to refine UL transmission timing.
Proposal 5: Default timing offset (), which is determined by common TA and maximum possible TA adjustment range indicated by RAN, can be used for random access procedure and/or RRC connection re-establish procedure.
Proposal 6: After RRC connection setup, UE specified timing offset () may be signaled by higher layers.
Discussion on K1 enhancement
In TR 38.821, it is agreed that
	The possibility of extending the range K1 and/or K2 beyond what is supported in NR Rel-15 can be further discussed when the specifications are developed.


As discussed in our company’s contribution [3], in order to support up to 300km coverage range with limited GP overhead, 20ms TDD switching period with 2ms GP is considered. Furthermore, 30kHz SCS is preferred to support maximum 1200km/h flight speed, and 27DL:4S:9UL TDD configuration is considered to accommodate DL dominated traffic. Note that the proposed frame structure can be configured via two concatenate 10ms uplink-downlink periods, while the first one with all DL slots, and the second one with 7DL:4S:9UL configuration.


Figure 4: DL dominated frame structure with >16 concatenated DL slots.
Note that the value range of timing for given PDSCH to the DL ACK (i.e., K1) in NR Rel-15 is (0..15), which results in 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, as shown in Figure 5.
W.r.t. the limited timing indication range for K1 (PDSCH-to-HARQ feedback timing), a simply solution by extending the value range of dl-DataToUL-ACK field in PUCCH-Config IE from (0..15) to (0..Y) is preferred as shown below, where value Y is selected as 31 for example.
PUCCH-Config ::=          SEQUENCE {
    ...
    dl-DataToUL-ACK           SEQUENCE (SIZE (1..8)) OF INTEGER (0..15) (0..31)       OPTIONAL, -- Need M
    ...
}
Proposal 7: Extending the value range of dl-DataToUL-ACK field in PUCCH-Config IE to larger than 15, e.g., 31.
Conclusions
In this contribution, we share our views on timing relationship enhancements for NTN, with implicit compatibility to support HAPS and ATG scenarios. The observations and proposals are summarised as follows:
Proposal 1: W.r.t. timing relationship in NTN, Solution 1 (i.e., UE applies a large TA to guarantee that gNB’s DL and UL frame timing keep aligned) is preferred.
Proposal 2: It is suggested to define UE’s timing relationship according gNB’s ones, i.e.,
· The DL timing boundary of slot n at UE side is determined as the receiving timing of DL signal transmit, which is transmit by network at slot n at gNB side;
· The UL timing boundary of slot n at UE side is determined as the transmission timing of UL signal, which is received by network at slot n at gNB side.
Proposal 3: Conform the following timing relations enhancement as discussed in TR 38.821 at NTN work item,
· Transmission timing for PUSCH scheduled by DCI
· Transmission timing for CSI on PUSCH
· Transmission timing for PUSCH scheduled by RAR grant
· Transmission timing for HARQ-ACK on PUCCH
· CSI reference resource timing
· Aperiodic SRS transmission timing
Proposal 4: Further discussion on the timing relationships enhancement for MAC CE action timing in NTN.
Proposal 5: Default timing offset (), which is determined by common TA and maximum possible TA adjustment range indicated by RAN, can be used for random access procedure and/or RRC connection re-establish procedure.
Proposal 6: After RRC connection setup, UE specified timing offset () may be signaled by higher layers.
Proposal 7: Extending the value range of dl-DataToUL-ACK field in PUCCH-Config IE to larger than 15, e.g., 31.
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