3GPP TSG RAN WG1 #106b-e			R1-2110031
e-Meeting, October 11th – 19th, 2021

Agenda Item:	8.4.1
Source:	Apple
Title:	Discussion on Timing Relationship Enhancements for NR NTN
Document for:	Discussion/Decision
Introduction
One of the RAN1-lead objectives in the NTN WID [1] is timing relationship enhancements for NTN. The timing relationship enhancement is related to introducing an additional time offset to compensate the large propagation delay in NTN. A list of topics regarding timing relationship enhancements was discussed [2]. The following agreements have been made in RAN1 #106-e meeting [3].

Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together

Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.

Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
The information of K_mac is carried in system information.

Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.

In this contribution, we provide our views on the topics of cell specific , UE specific , UE reporting of information about UE specific TA, MAC CE activation time,  range extension and timing relationship enhancement for beam failure recovery. 
Discussion
Cell specific K_offset
It was agreed [4] that a cell specific  is configured in system information and is used in initial access. It was agreed [5] that this cell specific  is used for all timing relationships that require  enhancement, if UE is not provided with  value other than one signaled in system information. 

On the cell specific  configured in system information, two options of signaling were identified in RAN1 #104b-e meeting [5]. Option 1 is to signal a single offset value of , which covers the largest round-trip time (RTT) of service link and the RTT between satellite and timing reference point. 

Option 2 is to signal a first offset value  to cover the RTT between satellite and timing reference point, and a second offset value  to cover the largest RTT of service link. The final  is equal to the sum of  and . Here, the first offset value  may be signaled or may be determined by common TA broadcasted by network. The benefit of Option 2 is that if  is determined by the broadcasted common TA, then only  needs to be signaled, which has a smaller value range than  and hence has a reduced payload size from . 

It was working assumption [3] that common TA may include parameters indicating timing drift. If the common TA drift rate and its high order derivatives are broadcasted, then  may be maintained by UE, based on broadcasted common TA parameters. Specifically, using common TA drift rate and its high order derivatives, the calculated common TA value actually depends on when the common TA is calculated. Two UEs may obtain different common TA and hence different  values, depending on when they calculate the common TA and . On the other hand, gNB does not know at what time a UE calculates the common TA and does not know which  value is used by the UE. 

Furthermore, it is likely to introduce a validity duration of common TA, as discussed in AI 8.4.2. A UE may use common TA parameters broadcasted at , while another UE may use common TA parameters broadcasted at . In other words, these two UEs may apply different common TA parameters as long as both of them are within their validity duration. In this case, it is possible that UEs may obtain slightly different  values, which makes Option 2 undesirable. Furthermore, the specification impact and UE complexity of Option 2 is higher than Option 1.  

On the other hand, the signaling overhead saving from  to  may not be significant. It is likely the range of  is no more than two times of the range of . This implies the signaling saving is only about 1 bit. The 1 bit saving in higher layer signaling is negligible. Hence, we prefer Option 1 of  signaling, i.e., a single offset value of , due to its specification simplicity and non-ambiguous value on the cell specific . 

Proposal 1: Support to signal a single offset value for cell specific . 

It was agreed [3] that the unit of  is number of slots for a given subcarrier spacing. It is open whether it is one subcarrier spacing value or different subcarrier spacing values for different scenarios. 

In our view, a cell specific  is used for uplink transmission scheduling, which is independent of deployment scenarios. Hence, we prefer that the unit of  is in terms of a reference subcarrier spacing, where the reference subcarrier spacing does not depend on deployment scenario. 

The reference subcarrier spacing can be pre-defined in a given frequency range. For example, it is pre-defined as 15 kHz if the carrier frequency is below 7.125 GHz, or it is pre-defined as 120 kHz if the carrier frequency is above 7.125 GHz. Alternatively, the reference subcarrier spacing can be set to the value configured in initial uplink BWP, since the cell specific  is generally used to determine the uplink transmission slot. 

Proposal 2: A cell specific  is in unit of slots for a reference subcarrier spacing, which is independent of deployment scenario. The reference subcarrier spacing is predefined per frequency range or is set to a value configured in initial uplink BWP.

In defining the value range of cell specific , it was agreed [3] to down select from two options. In Option 1, a single value range of  is used for all scenarios. In Option 2, different value ranges of  are used for different scenarios. 

In our view, the cell specific  should be large enough to cover UE-gNB RTT. The UE-gNB RTT depends on deployment scenario. For example, the UE-gNB RTT in a GEO scenario is upper bounded by 541.46 ms, while the UE-gNB RTT in a LEO-600 scenario is upper bounded by 25.77 ms. Hence, it is efficient, in terms of signaling overhead, to define the value range of cell specific  based on scenario. 

Proposal 3: The value range of cell specific  is dependent on scenario.

UE specific K_offset
It was agreed [3] that the UE specific  can be provided and updated by network with MAC CE. It is open whether the UE specific  can be provided and updated by network with RRC reconfiguration. 

In our view, it is possible to indicate the UE specific  by RRC reconfiguration. This is used when the UE specific  is updated infrequently (e.g., in GEO scenario). However, given that it is already supported that UE specific  is signaled via MAC CE, we think it is not urgent to additionally support the signaling of UE specific  by RRC reconfiguration, which involves additional discussions and introduces additional specification impact. Considering the time limitation, we are fine not to additionally support signaling of UE specific  by RRC reconfiguration in Release 17. 

Proposal 4: Considering time limitation and additional specification impact, the UE specific  signaled via RRC reconfiguration is not supported in Release 17. 

Regarding the unit of UE specific , we think it is better to be aligned with cell specific  for simplicity. Similarly, the value range of UE specific  is set the same as that for cell specific . 

Proposal 5: UE specific  has the same unit and value range as cell specific . 

Cell specific or UE specific  is based on a reference subcarrier spacing, which may be different from UE’s active uplink BWP. In this case, the  should be converted to the number of slots in terms of sub-carrier spacing of UE’s active uplink BWP. Here, the round-up operation is needed to ensure causal scheduling. For example, a  is indicated as 3 slots in subcarrier spacing of 30 kHz, while UE’s active uplink BWP has sub-carrier spacing of 15 kHz. Then, the  is converted to 2 slots in UE’s active uplink BWP. 

Proposal 6: If the reference subcarrier spacing is different from the sub-carrier spacing of UE’s active uplink BWP, the value of  is converted to the number of slots in UE’s active uplink BWP using round-up operation.

UE reporting of information about UE specific TA
The value of UE specific  is supposed to be larger than UE’s full timing advance (TA) in order to achieve casual scheduling. The UE’s full TA is composed of UE specific TA, broadcasted common TA, as well as TA command received from gNB. The UE specific TA depends on the distance between UE and serving satellite, which is calculated by UE based on its GNSS location and serving satellite ephemeris. Note that gNB is unable to autonomously derive UE specific TA, without the knowledge of UE’s GNSS location. If UE does not report the information about UE specific TA to gNB, then gNB is unable to know whether and how to update UE specific .

In the RAN2 LS [7], it was mentioned that UE may report information about the UE specific TA pre-compensation. The exact content and frequency of UE reporting of information about the UE specific TA pre-compensation are based on RAN1’s input.

Several options of the exact content and granularity of UE reporting to gNB were discussed [2]. These includes UE specific TA, full TA, UE location, difference between UE specific  and cell specific , difference between last applied  and one new  suggested by UE, etc. 

In our view, the main purpose of UE reporting is to facilitate gNB’s derivation of UE specific  for uplink scheduling adaptation. Since  is assumed to have granularity of slots, the UE’s reporting does not need to have a smaller granularity. This could save signaling overhead of UE reporting. As discussed above,  is in unit of slots for a reference subcarrier spacing. Hence, UE reporting information about UE specific TA is in slot-level granularity, where the slot is in terms of the reference subcarrier spacing. 

Proposal 7: UE reporting information about UE specific TA is in slot-level granularity, in terms of the reference subcarrier spacing.

Regarding the contents to be reported by UE, we think the signaling overhead could be reduced if a differential value is reported. For example, UE could report the differential UE specific TA or differential full TA, i.e., the difference between the current UE specific TA or full TA and the last reported UE specific TA or full TA. 

Proposal 8: UE reports the differential UE specific TA or differential full TA, where the differential UE specific TA/full TA is the difference between the current UE specific TA/full TA and the last reported UE specific TA/full TA.

Regarding UE reporting frequency, we think at least the event triggered approach should be supported. Basically, a UE reports to gNB only if it detects the necessity of updating UE specific . When there is a large update on UE specific TA or full TA, which implies that the current  value is about to be invalid or inefficient, UE needs to report to gNB to facilitate the UE specific  update. Specifically, if the difference between the current UE specific TA or full TA and the last reported UE specific TA or full TA is larger than a threshold, then UE reports its the differential UE specific TA or differential full TA, in slot-level granularity. 

In event-triggered UE reporting, it is possible that the reporting is missing due to bad channel condition. Hence, it is beneficial to consider the reporting failure handling. For example, a UE may retransmit the reporting if it does not receive any response (e.g., UE specific  update) from gNB after a certain duration since the last reporting.

There is a proposal of periodic UE reporting. Consider a LEO satellite with speed of 7.56 km/s. It will take about 20 seconds to make 1 ms UE specific TA difference. If UE reports the differential UE specific TA with granularity of 1 slot, then the reporting periodicity is as large as 20 seconds for subcarrier spacing of 15 kHz. It is not desirable to support UE’s periodic reporting with such a large periodicity. 

Proposal 9: Support at least event-triggered UE reporting for the purpose of uplink scheduling adaptation, where the triggering condition is the difference between the current UE specific TA (or full TA) and the last reported UE specific TA (or full TA) is larger than a threshold.
· FFS reporting failure handling

MAC CE activation time
It was agreed [3] that the information of  is carried in system information. The unit of  is number of slots for a given subcarrier spacing. It is open whether it is one subcarrier spacing value or different subcarrier spacing values for different scenarios. 

 is used to determine activation timing for downlink configuration from a MAC CE command, as well as is used to estimate UE-gNB RTT. It is to cover the RTT between timing reference point and gNB. This item serves as a counterpart of  which is to cover the RTT between UE and timing reference point. 

For simplicity, we prefer to align the unit of  with the unit of cell specific . Specifically,  should be in unit of slots for the reference subcarrier spacing. 

Proposal 10:  has the same unit as cell specific , i.e., in unit of slots for a reference subcarrier spacing. 

 is to cover the RTT between timing reference point and gNB. Depending on the location of timing reference point, the value of  could be as large as the feeder link RTT. The feeder link RTT depends on deployment scenario. For example, the feeder link RTT in a GEO scenario is upper bounded by 270.73 ms, while the feeder link RTT in a LEO-600 scenario is upper bounded by 25.77 ms. Hence, it is efficient, in terms of signaling overhead, to define the value range of  based on scenario. 

Proposal 11: The value range of  is dependent on scenario.

K1 range extension
It was agreed [6] that the value range of  is extended to 31. It is open whether this value range extension has impact on the size of PDSCH-to-HARQ_feedback timing indicator field in DCI. 

In our view, this field size should remain unchanged in DCI. In DCI formats 1_1 or 1_2, this field size is upper bounded by 3 bits, where the actual field size depends on the number of entries in a high layer configured table. The similar upper bound could be used for extended  values. Only the value range of the entries in the configured table (i.e., dl-DataToUL-ACK) needs to be updated.

In DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field size is fixed to 3 bits to indicate the value of  from 1 to 8 slots. It is beneficial to extend the  range indicated by DCI format 1_0 to beyond 8 slots. One way is to increase the PDSCH-to-HARQ_feedback timing indicator field size in DCI format 1_0. However, this increases DCI format 1_0 payload size and is not preferred. Another way is to introduce a scaling factor () when determining the  value for DCI format 1_0. For example, the  value indicated in DCI format 1_0 is given by  for unpaired spectrum, where  is the value directly interpreted from the PDSCH-to-HARQ_feedback timing indicator field, and  is the configured scaling factor. 

Proposal 12: The  range extension in unpaired spectrum does not change the PDSCH-to-HARQ_feedback timing indicator field size in DCI. 
· For non-fallback DCI, only extend the value range of entries in the configured dl-DataToUL-ACK table.
· For fallback DCI, consider introducing a scaling factor when determining  value.

Timing relationship enhancement for beam failure recovery
The timing relationship enhancement for beam failure recovery (BFR) was discussed in RAN1 #106-e meeting [2]. One discussion point is whether BFR mechanism is used in NTN scenario. 

In NR terrestrial network, BFR was introduced together with beam management in Release 15. Overall, BFR provides a complementary solution to beam management, where beam measurement, beam reporting and beam switching do not occur promptly for a sudden serving beam dropping. Without BFR, beam dropping may lead to RLF since UE cannot decode beam switching signaling correctly and gNB may not be able to decode the beam reporting correctly. BFR is useful for UE still in the same cell coverage, but experiences low L1-RSRP of serving beam (e.g., due to blockage or UE rotation). The benefit of BFR over RLM/RLF is that it provides a fast and efficient way to recover from beam failure by switching to a new beam.

In NR NTN, both one-beam per cell and multiple-beam per cell are supported as baseline. In NTN with multiple beams per cell deployment, each beam is associated with a specific geographical area. Since each beam has a large beam footprint on the ground, it is likely to have a large overlapping area with the coverage of multiple beams. This implies that a large number of UEs may be located in this overlapping area. A UE in this overlapping area is likely to receive multiple beams from different directions due to NLOS paths.

As main triggers of BFR in terrestrial network, dynamic blockage (including self-blockage) and UE rotation could also occur in NTN scenario. This leads to serving beam is not available to UE, which implies beam failure. Relying on RLM/RLF to recover from this beam failure will take a long duration, especially considering the large propagation delay in NTN. 

Hence, we think BFR may be used in NTN, as a complementary solution of beam management in NTN. 

Observation 1: Beam failure recovery mechanism may be used in NTN.

In Release 17 MIMO discussions, single CORESET may be associated with two TCI states which allows UE to simultaneously monitor two receive beams. There is an argument that in NTN, UE can apply this feature to avoid BFR. This single CORESET associated with two TCI states is introduced for high-speed train in SFN manner. In our view, this new feature should not exclude the use of BFR in NTN due to the following reasons:   
1. This feature only supports UE to simultaneously monitor up to 2 beams. It does not work if a UE is located in an area covered by more than 2 beams. 
2. This feature may be an optional UE feature. In other words, not every UE can support this feature. For example, the UE feature 2-4/2-62 [9] indicates UE only mandatorily support 1 active TCI state. 
3. Applying this feature may not be resource efficient since two beams will be used for the transmissions. 
4. It has already been agreed [3] to support BFR for high-speed train in SFN manner, where this feature is introduced. 

There is an argument that gNB changing transmit beam is transparent to UE, since UE’s receive beam is always the same (i.e., UE’s receive beam always pointing to satellite). However, this is not always true considering NLOS paths. Also, gNB’s transmit beam is not transparent to UE since UE has to track the time and frequency offset of the gNB’s transmit beam.   

In NR terrestrial network, the BFR timer can be configured up to 200 ms. There is an argument that the timing relationship enhancement for NTN is not needed since the BFR timer is long enough. However, in our view, this 200 ms timer is from the detection of beam failure to the successful reception of BFR response. Actually, when a UE sends BFR request, it monitors the BFR response with a window (i.e., ra_ResponseWindow) of length of exceeding 10 ms. This 10 ms is much less than the propagation delay in NTN. Hence, to avoid UE continuously missing the BFR response and retransmitting BFR request, the timing relationship of BFR needs to be enhanced. This is similar to the timing relationship enhancement of RAR window offset in NTN. 

Observation 2: The timing relationship enhancement for beam failure recovery in NTN is needed.

Since we are designing a framework to enhance the timing relationship for NTN, it is better to cover the timing relationship enhancement for BFR as part of the framework. Since the design target is not optimizing BFR operations in NTN, the specification impact is limited. 

Observation 3: The timing relationship enhancement for beam failure recovery in NTN does not have large specification impact.  

In NR BFR procedure [8], a UE sends BFR request to gNB to indicate PCell of PSCell beam failure and provide new beam index. The BFR request is sent via PRACH in slot . Then the UE monitors PDCCH in dedicated search space configured for receiving BFR response from gNB, starting from slot . If the UE does not receive BFR response within a configured time window (i.e., ra_ResponseWindow), then it re-sends the BFR request or fallbacks to contention based PRACH based beam failure recovery. 

	TS 38.213 Section 6

For the PCell or the PSCell, the UE can be provided, by PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Clause 8.1. For PRACH transmission in slot  and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot  within a window configured by BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set provided by recoverySearchSpaceId and for corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as the ones associated with index [image: ] until the UE receives by higher layers an activation for a TCI state or any of the parameters tci-StatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaseList. After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpaceId, the UE continues to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state or tci-StatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaseList.



In NTN, consider the case where downlink and uplink frame timings are not aligned at gNB. The BFR request has to reach gNB before it can send back BFR response. Hence, an additional  needs to be added to enhance the time relationship on the BFR response window offset. This is similar to RAR window starting time, where  is used to capture the RTT between timing reference point and gNB. Specifically, we should clarify that UE monitors PDCCH starting from the first slot after uplink slot . With the enhancement of BFR response window offset, it is unnecessarily to enlarge the existing BFR response window size (i.e., ra_ResponseWindow). 

Proposal 13: RAN1 to enhance the timing relationship on the beam failure recovery response window offset, by introducing .

Furthermore, in NR terrestrial network, when a UE receives a first PDCCH in the dedicated search space set configured for BFR, it resets its PUCCH transmission beam based on the newly identified beam after 28 symbols after the last symbol of the PDCCH. This also implies the time from which gNB adjusts its reception beam for the PUCCH. 

	TS 38.213 Section 6

For the PCell or the PSCell, after 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS- C-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationInfo [11, TS 38.321] or is provided PUCCH-SpatialRelationInfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission using



In NTN, due to large propagation delay, the time from when gNB adjusts its reception beam for the PUCCH (with new beam) needs to be clarified. This is illustrated in Figure 1. 
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[bookmark: _Ref77923402]Figure 1: Timing relationship of PUCCH with new beam

The issue of PUCCH transmission with new beam in BFR is a typical downlink to uplink timing interaction problem. It is similar to downlink configuration MAC CE activation timing issue. For the latter issue, the activation time is the first (downlink) slot shat is after (uplink) slot , where is the slot when UE transmits ACK for the MAC CE. This implies that the transition between downlink slot and uplink slot is conducted with the assumption of TA being 0. However, in the current specification for PUCCH transmission with new beam in BFR, the transition between downlink timing and uplink timing takes the effect of TA into account. Hence, the current specification needs to be modified. 

Like other timing relationship enhancements (e.g., transmission timing of HARQ-ACK on PUCCH), we could introduce  to enhance the timing relationship on PUCCH. Specifically, the PUCCH with new beam is transmitted after uplink symbol , where  is the last downlink symbol of PDCCH reception with BFR response,  is  converted to symbols. This is shown in Figure 2. 
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[bookmark: _Ref77924643]Figure 2: Illustration of introducing  to enhance PUCCH transmission time
Proposal 14: RAN1 to introduce  to enhance the timing relationship on the PUCCH transmission with new beam in the beam failure recovery procedure.

Conclusion
In this contribution, we provided our views on timing relationship enhancement for NTN. Our observations and proposals are as follows: 

Proposal 1: Support to signal a single offset value for cell specific . 

Proposal 2: A cell specific  is in unit of slots for a reference subcarrier spacing, which is independent of deployment scenario. The reference subcarrier spacing is predefined per frequency range or is set to a value configured in initial uplink BWP.

Proposal 3: The value range of cell specific  is dependent on scenario.

Proposal 4: Considering time limitation and additional specification impact, the UE specific  signaled via RRC reconfiguration is not supported in Release 17. 

Proposal 5: UE specific  has the same unit and value range as cell specific . 

Proposal 6: If the reference subcarrier spacing is different from the sub-carrier spacing of UE’s active uplink BWP, the value of  is converted to the number of slots in UE’s active uplink BWP using round-up operation.

Proposal 7: UE reporting information about UE specific TA is in slot-level granularity, in terms of the reference subcarrier spacing.

Proposal 8: UE reports the differential UE specific TA or differential full TA, where the differential UE specific TA/full TA is the difference between the current UE specific TA/full TA and the last reported UE specific TA/full TA.

Proposal 9: Support at least event-triggered UE reporting for the purpose of uplink scheduling adaptation, where the triggering condition is the difference between the current UE specific TA (or full TA) and the last reported UE specific TA (or full TA) is larger than a threshold.
· FFS reporting failure handling

Proposal 10:  has the same unit as cell specific , i.e., in unit of slots for a reference subcarrier spacing. 

Proposal 11: The value range of  is dependent on scenario.

Proposal 12: The  range extension in unpaired spectrum does not change the PDSCH-to-HARQ_feedback timing indicator field size in DCI. 
· For non-fallback DCI, only extend the value range of entries in the configured dl-DataToUL-ACK table.
· For fallback DCI, consider introducing a scaling factor when determining  value.

Observation 1: Beam failure recovery mechanism may be used in NTN.

Observation 2: The timing relationship enhancement for beam failure recovery in NTN is needed.

Observation 3: The timing relationship enhancement for beam failure recovery in NTN does not have large specification impact. 
 
Proposal 13: RAN1 to enhance the timing relationship on the beam failure recovery response window offset, by introducing .

Proposal 14: RAN1 to introduce  to enhance the timing relationship on the PUCCH transmission with new beam in the beam failure recovery procedure.
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