
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]3GPP TSG RAN WG1 #105-e                                     R1-2105195                                                                                         
e-Meeting, May 10th – 27th, 2021
Source:	ZTE
Title:	Discussion on timing relationship for IoT-NTN
Agenda Item:	8.15.3
Document for:   Discussion
1. Introduction
In RAN1#104b-e meeting, time relationships enhancement were identified and following agreements were made [1]. 
Agreement:
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships
Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.
Agreement:
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships
Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.
Agreement:
For NB-IoT over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission
Agreement: 
For eMTC over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission
Agreement:
Capture the following in the TR:
The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD.
Agreement:
The following aspects of Koffset are not to be studied further and can at least rely on decisions made in the NR NTN WI:
· Explicit or implicit indication in system information
· Support UE-specific Koffset after initial access
In this contribution, further discussion on the usage of UE-specific TA and/or K_offset for handling UL-DL collisions is provided. And impact of K_offset for configuration of UL signal is clarified based on previous discussion in [2]. Then other discussions related to GNSS measurement and UL transmission gap are conducted.
1. Impact of large RTD/TA 
1. 
1. 
1. 2.1
1. 
1. 
2.1 UL-DL collisions and PDCCH monitoring
In NR-NTN or IoT over NTN, time relationships for DL-UL interaction need enhancement to enable UL scheduling with large RTD/TA effect. Obviously, the uplink transmission from a HD-FDD UE cannot proceed or overlapped/collided with corresponding received downlink transmission. According to the agreement in last meeting, UE-specific TA and/or K_offset are considered to handle this issue. 
[image: ]
(A) K_offset matching with the largest TA in cell/beam specific level
[image: ]
(B) K_offset matching with the UE specific TA
[bookmark: _Ref71207986][bookmark: _Ref1196]Figure 1 Illustration of the timeline for scheduling and transmission
And as illustrated in Figure 1, it can be observed that with correct configuration of K_offset, the potential collision between the DL reception of scheduling DCI and corresponding UL transmissions can be avoided with also consideration on the impacts of required half-duplex guard period as defined below:
For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by
-	not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and
-	not receiving a downlink subframe immediately following an uplink subframe from the same UE.
Observation-1: Collision between UL transmissions and corresponding downlink scheduling will be avoided by proper configuration of K_offset.
Furthermore, w.r.t the value of this K_offset, both cell/beam cell specific and UE specific value can be considered to achieve this purpose. But according to the comparison between (A) and (B) shown in the Figure 1, it can be found that by usage of the UE specific K_offset for following up scheduling, the latency can be further optimized for each UE comparing to the cell/beam specific value. 
Observation-2: Configuration of UE-specific K_offset based on the knowledge of UE-specific TA can further enhance the performance along with the handling of UL-DL collision for FDD-HD UE.
Proposal-1: The TA report should be considered to avoid UL-DL collisions by enabling the configuration of UE-specific K_offset for FDD-HD UE. Details of TA report should be considered in the normative work.
Furthermore, since it was agreed segment pre-compensation may be needed for a long duration transmission in IoT-NTN, the proper time pre-compensation should be processed for each part of the long transmission, which corresponding to different accurate TA values for each segment. W.r.t TA report in this case, either the first or last TA value applied for corresponding (N)PUSCH segments can be reported [3].
Proposal-2: In case of segment pre-compensation, the value of reported TA can be either the first or last TA values applied at corresponding segment.
When two HARQ-Processes is configured, according to existing specification as below [5], 
”For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or multi-TB-Unicast-config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1 if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field, if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1 otherwise; and
· the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. ”
it can be found that for single TB unicast, before subframe n+k-2(assume NPUSCH transmission of 1st HARQ process start from n+k), a UE can continue monitoring the NPDCCH candidate which schedules NPUSCH in a second HARQ process, and corresponding transmission will not exceed subframe n+k+255.
Basically restrictions can be reused in IoT over NTN, i.e., same constraint on monitoring PDCCH before UL transmission can be followed in the time interval starting from subframe n+k-2 to subframe n+k-1, which depends on UE capability similar to current IoT system.
However, it should be considered to adapt impact of introduction of K_offset due to large TA effect.As Figure 2 shown, e.g., assume NPUSCH transmission of 1st HARQ process start from n+k+K_offset, for single TB unicast case, UE can continue receiving 2nd DCI Format N0 before subframe n+k-2+ K_offset, and the scheduled NPUSCH of second HARQ process will not exceed UL subframe n+k+255 + K_offset. Then with the retained constraint in current specification, the collision between the UL transmission and potential 2nd PDCCH reception can be avoided. 
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[bookmark: _Ref6744]Figure 2 Illustration of adapting to impact of introduction of K_offset
Proposal-3: Current restrictions on NPDCCH monitoring in specification can be reused with specification adjustment on the timing description after introduction of K_offset.
2.2 Impact of K_offset for configuration of UL signal
In last meeting [3], the impact of K_offset for configuration of UL signal was discussed without consensus. For this part, actually according to the following specification [4]:


 “, where  is the first slot of the transmission of the codeword”,
It can be found that the calculation of initialization sequence for scrambling codeword of NPUSCH is related to timing slot number, which is specified as “the first slot of transmission of codeword”. To ensuring the aligned understanding on this parameter, the logic timing is assumed for calculation, i.e., ns refers to slot n+k in the calculation. In NTN case, the same understanding can still be applied by interpreting the value as n+k+offset. In this way, no specification modification is expected for the scrambling issue for NPUSCH and similar observation can be applied for SRS.
Proposal-4: For NB-IoT over NTN, applying slot n+k+offset as the first slot of the transmission of the codeword for scrambling initialization sequence calculation is expected without additional specification impacts.
1. Discussion on the other reaming time relationships
In previous meeting, discussion on some cases are also conducted without consensus on the necessity, further discussion on corresponding aspects are listed as below:
· NPDCCH order to NPRACH
According to the exiting specification [5] for NB-IoT/eMTC:

“In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe [image: ], , where a NPRACH resource is available. ”
“In case a random access procedure is initiated by a "PDCCH order" in subframe n for non-BL/CE UEs, or "PDCCH order" reception ending in subframe n for BL/CE UEs, the UE shall, if requested by higher layers, transmit random access preamble in the first subframe [image: ], [image: ], where a PRACH resource is available.”
It can be found that by assuming preamble transmission with TA effect, from eNB perspective, available UL resource is allocated which in fact has taken the value of K_offset into account. So based on current spec, it seems no modification is necessary, the “available subframe n + k2” should cover the TA.
Proposal-5: In NB-IoT/eMTC over NTN, no modification is needed for timing of PDCCH order to PRACH.
· PRACH preamble retransmission
According to existing specification [5] for NB-IoT/eMTC:
“If a random access response is received and the corresponding DL-SCH transport block ending in subframe n does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.”
“If a random access response is received in subframe n, and the corresponding DL-SCH transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe[image: ].”
It can be found that the new preamble sequence is transmitted after the received DL-SCH transport block. And current specification such as “12 milliseconds after the end of subframe n” for NB-IoT, and “subframe n+5” for eMTC is identified as the slot number in UE UL timeline, therefore enhancement is needed to handle the large TA impact of UL transmission. 
[bookmark: _GoBack]Proposal-6: In NB-IoT/eMTC over NTN, enhancement on the timing of PRACH preamble retransmission is needed.
1. Discussion on the GNSS measurement and UL gap
Regarding the timing for UE’s GNSS measurement, at least before a UL transmission, the UE may have to perform/finish GNSS measurement to aid UL synchronization. For example, performing GNSS measurement at the end of (e)DRX or power saving mode [6]. And for UE in RRC connection mode, to ensure the UL synchronization can satisfy the potential requirement, valid position information should be assumed at UE. In this way, introduction on GNSS measurement to mandate the acquisition of UE’s location can be considered. 
Proposal-7: The GNSS measurement behaviors should be defined to mandate the UE to acquire its own position for UL synchronization. Detailed configuration on the GNSS measurement can be determined in normative phase.
And as to UL transmission Gap for NB-IoT/eMTC over NTN, it was agreed UE pre-compensation done per N time units [1] during long UL transmissions. After N time units of transmission, due to accumulated time/frequency shift in e.g., LEO satellite case, it is expected that the adjustment on corrected TA/frequency will be needed for following transmission to mitigate the residual error. In this case, since the newly applied TA value can be either larger or smaller than previous, additional gap is needed to avoid interference of consecutive PUSCHs transmission due to different applied TA including corresponding calculation. 
Proposal-8: UL compensation gap enhancement to aid segment pre-compensation should be considered.
1. Conclusions
In this contribution, discussion on impacts of larger RTT on timing relationship is conducted, with following observations and proposals: 
Observation-1: Collision between UL transmissions and corresponding downlink scheduling will be avoided by proper configuration of K_offset.
Observation-2: Configuration of UE-specific K_offset based on the knowledge of UE-specific TA can further enhance the performance along with the handling of UL-DL collision for FDD-HD UE.
Proposal-1: The TA report should be considered to avoid UL-DL collisions by enabling the configuration of UE-specific K_offset for FDD-HD UE. Details of TA report should be considered in the normative work.
Proposal-2: In case of segment pre-compensation, the value of reported TA can be either the first or last TA values applied at corresponding segment.
Proposal-3: Current restrictions on NPDCCH monitoring in specification can be reused with specification adjustment on the timing description after introduction of K_offset.
Proposal-4: For NB-IoT over NTN, applying slot n+k+offset as the first slot of the transmission of the codeword for scrambling initialization sequence calculation is expected without additional specification impacts.
Proposal-5: In NB-IoT/eMTC over NTN, no modification is needed for timing of PDCCH order to PRACH.
Proposal-6: In NB-IoT/eMTC over NTN, enhancement on the timing of PRACH preamble retransmission is needed.
Proposal-7: The GNSS measurement behaviors should be defined to mandate the UE to acquire its own position for UL synchronization. Detailed configuration on the GNSS measurement can be determined in normative phase.
Proposal-8: UL compensation gap enhancement to aid segment pre-compensation should be considered.
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