3GPP TSG RAN WG1 Meeting #116bis	R1-2402935
Changsha, China, April 15th – April 19th, 2024

Agenda Item:	9.11.2
Source:	MediaTek Inc.
Title:	Discussion on support of RedCap and eRedCap UEs with NR NTN operating in FR1-NTN bands
Document for:	Discussion and Decision 


1 Introduction
[bookmark: _Hlk162267301]In RAN#103 [1], a revised WID on NR NTN enhancements was endorsed for Release 19. This contribution aims to discuss support of RedCap and eRedCap UEs with NR NTN operating in FR1-NTN bands objective as shown below:

Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.


The following agreement for cases related to TA misalignment discussions was made in RAN1#116:

Study at least the following scenarios for (e)RedCap HD-FDD UEs for NTN:
· Whether existing handling rules for the following cases should be reused or updated when taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report: 
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
· Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission
· Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission
· Case 6: Dynamic or semi-static DL collides with valid RO
· Case 7: Collision due to direction switching











· At least the following potential issues can be further considered for (e)RedCap HD-FDD UEs
· Error cases in case 3 and case 4
· SIB19 reception collides with UL transmission 
· Slot counting for UL repetition transmission colliding with SSB reception
· Invalid symbol determination for PUSCH repetition type B
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 
· CPU occupation due to omitted DL reception or UL transmission
Note: Both GSO and Non-GSO should be considered.




This contribution aims to discuss support of RedCap and eRedCap UEs with NR NTN operating in FR1-NTN bands objectives.


2 Discussion on TA misalignment for Case 1-4
We discuss Cases 1-4 in this section:
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
· Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission
· Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission

In Non Terrestrial Networks, the Timing Advance (TA) can be in the order of 10s ms to 100s ms for LEO and GEO satellite systems respectively. For FDD-Half-Duplex RedCap/eRedCap UEs, Cases 1-4 with DL and UL scheduling by the gNB may collide at the UE due to misalignment of DL subframe index and UL subframe index at the UL Synchronization Reference Point (USRP) unless the gNB is aware of the UE-specific TA the UE is applying when pre-compensating the satellite delay for UL transmission. We illustrate the potential issue for Cases 1-4 on Figure 1 below. When an UL transmission is scheduled, all the time window covered by the differential RTT within the satellite beam cannot be used for DL scheduling
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Figure 1: Illustration of UL/DL collisions for Half-Duplex FDD redcap UEs
To allow the gNB to schedule the UE without DL/UL collision, redcap/eRedCap Half-Duplex FDD UE which support pre-compensation of TA for UL transmission in NR NTN can re-use legacy Release 17 specifications in NR NTN to report its UE specific TA via MAC-Control Element in Msg5 and in RRC connected. The UE-specific TA report can be used by the gNB to configure the scheduling Koffset for UL scheduling, other procedures such as RAR timer, Contention Resolution timer, and MAC-CE application. We copy below the section 16.14.2.1 of TS 38.300 specifying Scheduling and Timing with the Koffset .[bookmark: _Toc139018315]TS 38.300 Section 16.14.2.1	Scheduling and Timing
DL and UL are frame aligned at the uplink time synchronization reference point (RP) with an offset given by NTA,offset (see clause 4.2 of TS 38.213 [38]).
To accommodate the propagation delay in NTNs, several timing relationships are enhanced by a Common Timing Advance (Common TA) and two offsets  and :
-	 is a configured timing offset that is equal to the RTT between the RP and the NTN payload.
[bookmark: _Hlk133482317]-	 is a configured scheduling offset that needs to be larger or equal to the sum of the service link RTT and the Common TA.
-	is a configured offset that is approximately equal to the RTT between the RP and the gNB.
The scheduling offset  is used to allow the UE sufficient processing time between a downlink reception and an uplink transmission, see TS 38.213 [38].
The offset  is used to delay the application of a downlink configuration indicated by a MAC CE command on PDSCH, see TS 38.213 [38], and in estimation of UE-gNB RTT, see TS 38.321 [6]. It may be provided by the network when downlink and uplink frame timing are not aligned at gNB. The  is also used in the random access procedure, to determine the start time of RAR window/MsgB window after a Msg1/MsgA transmission (see TS 38.213 [38]).
The Service link RTT, Feeder link RTT, RP, Common TA,  and TTA (see clause 16.14.2.2) are illustrated in Figure 16.14.2.1-1.


TS 38.300 Figure 16.14.2.1-1: Illustration of timing relationship (for collocated gNB and NTN


In the legacy Rel-17 specifications, Koffset for UL scheduling and other proceduresis a configured scheduling offset that needs to be larger or equal to the sum of the service link RTT and the Common TA (i.e. the RTT between the satellite and the USRP). When NR NTN UE initiates the cell access via Random Access procedure, the Koffset is initially based on max RTT in the satellite cell as configured by cell-specific Koffset in SIB19. After UE moves to connected, gNB can send UE specific configuration of  Koffset based on the TA report based on gNB scheduler implementation (i.e. the max RTT for the UE is based on its own RTT over the service link and the common TA). This requires no change in the specifications in Release 18 to our understanding. 

Observation 1: During initial cell access, the gNB scheduler can assume the max TA for the UE assuming UE is on the beam edge.
Proposal 1: gNB scheduler implementation can handle potential DL/UL collisions by re-using legacy Release 17 NR NTN TA report to get knowledge the UE-specific TA and avoid TA misalignment without need for reduced capability half-duplex enhancements in Case 1-4. 

On potential collision of UL transmission and SIB19 reception by the UE, we do not see this as a likely scenario. 
Observation 2: In typical UE operations, the satellite ephemeris acquisition on SIB19 only needs to be sporadically done every few tens of seconds. 
Observation 3: The probability of an UL transmission colliding with SIB19 when the UE needs to re-acquire SIB9 is very low. 
Observation 4: Potential collision of UL transmission with SIB19 when UE needs to re-acquire satellite ephemeris can be avoided by UE implementation, as the UE knows when it is expected to transmit based on configured grant or dynamic grant. 
Proposal 2: The legacy specification for control and data of reduced capability half-duplex UE in Rel-17 specifications in TS 38.213 and TS 38.214 are sufficient to handle potential DL/UL collisions in Case 1-4. 

3 Discussion on TA misalignment for Case 5
We discuss Case 5 in this section:
· Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission

For control, in TS 38.213, Section 17.1 “RedCap UE procedures”, 
· “For a RedCap UE indicated presence of SS/PBCH blocks within an active DL BWP by NonCellDefiningSSB, collision handling between downlink receptions or uplink transmissions and the SS/PBCH blocks are same as described for a UE indicated presence of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon described in all other clauses, unless otherwise stated.”
Section 8.1A PUSCH for Type-2 random access procedure
· A PUSCH occasion is valid if it does not overlap in time and frequency with any valid PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon 
· if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion 
· does not precede a SS/PBCH block in the PUSCH slot, and 
· starts at least 𝑁gap symbols after a last SS/PBCH block symbol, where 𝑁gap is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].










For data, in TS 38.214Section 6.1.2.3.1 Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a configured grant:
For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1,
· For paired spectrum and SUL band:
· If AvailableSlotCounting is enabled, and in case of reduced capability half-duplex UE, the UE shall repeat the TB across the 𝑁∙𝐾 slots applying the same symbol allocation in each slot. A slot is not counted in the number of 𝑁∙𝐾 slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot does not start or end at least 𝑁Rx-Tx⋅𝑇c or 𝑁Tx-Rx⋅𝑇c, respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.


Observation 5: The general rule for control and data of reduced capability half-duplex UE in Rel-17 NR NTN specifications in TS 38.213 and TS 38.214 is to “drop” the PUSCH transmission if it precedes/starts before a SS/PBCH block or follows / end after a SS/PBCH block with a duration in time or gap in symbols or Tc as specified. 
Proposal 3: The legacy specification for control and data of reduced capability half-duplex UE in Rel-17 NR specifications in TS 38.213 and TS 38.214 are sufficient to handle potential DL/UL collisions in Case 5. 

4 Discussion on TA misalignment for Case 6

We discuss Case 5 in this section:
· Case 6: Dynamic or semi-static DL vs. valid RO 

In TS 38.213, Section 17.2  Half-Duplex UE in paired spectrum
If a HD-UE would transmit a PRACH or MsgA PUSCH triggered by higher layers in a set of symbols and would receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS, or is indicated presence of SS/PBCH blocks within the active DL BWP by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB in symbols that include any symbol from the set of symbols, the HD-UE can select based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or receive the PDSCH, or the CSI-RS, or the PL RS, or the PDCCH, or the SS/PBCH blocks.


Observation 7: The general rule for reduced capability half-duplex UE in Rel-17 NR NTN specifications in TS 38.213 is that based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or receive the PDSCH, or the CSI-RS, or the PL RS, or the PDCCH, or the SS/PBCH blocks.
Proposal 4: The legacy specification for control and data of reduced capability half-duplex UE in Rel-17 NR specifications in TS 38.213 and TS 38.214 are sufficient to handle potential DL/UL collisions in Case 6. 

5 Discussion on TA misalignment for Case 7

In Rel-17 IoT NTN, NB-IoT UEs only support HD-FDD mode. Feature Lead summarised RAN1 discussions on monitoring restrictions as below [[2], [3]]:When the UE changes from receiving on the DL to transmitting on the UL (or vice versa), immediately before/after the DL/UL switch the UE is not required to monitor an NPDCCH candidate in some DL subframes. The designation of these subframes in the spec needs to take the “effect” of the TA into consideration. There may be multiple ways to capture this in the specifications for (at least) Cases 1 to 6. Two options (in principle) are described below, to guide the spec editor to capture this as best he/she sees it. Examples of where the changes may apply for cases 1 to 6 can be found as examples in appendix A in R1-2112554.
· Option 1: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of downlink subframe timing. This would typically involve inserting a “-TA” term in their indexing.
· Option 2: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of uplink subframe timing using the indexing of the UL subframes that coincide in time with the DL subframes in question.



Option 2 was RAN1 preference for specification as was captured in RAN1#109-e agreement in Rel-17 IoT NTN maintenance phase based on TPs in Feature Lead summary .Agreement
The two text proposals below are endorsed. The “reason for change”, “summary of change” and “consequence if not approved” are provided for information to the specification editor in section 1.1 of R1-2205620.
· TP#1rev2 (for TS36.213 v17.1.0, clauses 16.6) in section 1.1 of R1-2205620
· TP#2rev3 (for TS36.213 v17.1.0, clauses 16.6) in section 1.1 of R1-2205620


We copy and paste below the reason for change, summary of change, and consequences if not approved of the TPs agreed in RAN1#109-e and captured in the FL summary for convenience (the details of the TPs can be found in Section 1.1 of the FL summary for Rel-17 IoT NTN maintenance timing relationships)
Reason for change: 
· Clarify how to calculate indices for subframes that UE is not required to monitor for NPDCCH in NTN.
Summary of change: 
· Separate out the description for NTN to avoid affecting legacy TN behaviour.
· For NTN, clarify that DL subframes not required to be monitored are those that overlap with the previously described transmission UL subframes.
Consequence if not approved: 
· Moderate potential for misinterpretation of which subframes in NTN are not required to be monitored 


We think RAN1 should consider similar discussion on monitoring restrictions of PDCCH for redcap/eRedCap UE for HD-FDD operations. Option 2 seems un-optimal for redcap/eRedCap UEs dues to finer gNB scheduler granularity of PUSCH compared to NPUSCH format 1 repetition units that can be several 10s of ms in typical NB-IoT NTN deployments in low SNR conditions with many repetitions required to close the UL link budget. Hence, we have preference for Option 1 to include the “-TA” term as illustrated in Figure 2 below and outlined below:
We assumed that the start/end of UL transmission correspond to scheduled time t_start –TA for start and t_end-TA for the end. A small Guard Period Around the start/end of UL transmission can be configured to allow time in the redcap/eRedCap UE with HD-FDD mode for RF re-tuning and symbol/slot alignment in case the gNB does not have up to date knowledge of the UE-specific TA. This can in case it has not been reported for some time, or in case the TA applied at the start of Tx can potentially be different from the TA applied at the end of Tx, be due to the timing drift.  The monitoring restrictions can be configured in a straightforward way with the Gap_start and Gap_end defined such that any DL reception overlapping with time duration from t_start -TA - Gap_start until t_end-TA +Gap_end is not expected to be received by the redcap/eRedCap HD-FDD UE in Release 19 NR NTN.

Proposal 5: The DL subframes during which the UE is not required to monitor a PDCCH candidate are described in terms of downlink subframe timing indexing including a “-TA” term.
Proposal 6: A small Guard Period Around the start / end of UL transmission can be configured to allow time in the redcap/eRedCap UE with HD-FDD mode for RF re-tuning and symbol/slot alignment in case the gNB does not have up to date knowledge of the UE-specific TA to handle potential DL/UL collisions in Case 7.
[image: ]











Figure 2: Illustration of monitoring restrictions
6 Conclusion
In this contribution, the following observations and proposals were made:

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]TA misalignment for Case 1-4:
Observation 1: During initial cell access, the gNB scheduler can assume the max TA for the UE assuming UE is on the beam edge.
Proposal 1: gNB scheduler implementation can handle potential DL/UL collisions by re-using legacy Release 17 NR NTN TA report to get knowledge the UE-specific TA and avoid TA misalignment without need for reduced capability half-duplex enhancements in Case 1-4. 
Observation 2: In typical UE operations, the satellite ephemeris acquisition on SIB19 only needs to be sporadically done every few tens of seconds. 
Observation 3: The probability of an UL transmission colliding with SIB19 when the UE needs to re-acquire SIB9 is very low. 
Observation 4: Potential collision of UL transmission with SIB19 when UE needs to re-acquire satellite ephemeris can be avoided by UE implementation, as the UE knows when it is expected to transmit based on configured grant or dynamic grant. 
Proposal 2: The legacy specification for control and data of reduced capability half-duplex UE in Rel-17 specifications in TS 38.213 and TS 38.214 are sufficient to handle potential DL/UL collisions in Case 1-4. 


TA misalignment for Case 5:
Observation 5: The general rule for control and data of reduced capability half-duplex UE in Rel-17 NR NTN specifications in TS 38.213 and TS 38.214 is to “drop” the PUSCH transmission if it precedes/starts before a SS/PBCH block or follows / end after a SS/PBCH block with a duration in time or gap in symbols or Tc as specified. 
Proposal 3: The legacy specification for control and data of reduced capability half-duplex UE in Rel-17 NR specifications in TS 38.213 and TS 38.214 are sufficient to handle potential DL/UL collisions in Case 5. 


TA misalignment for Case 6:
Observation 7: The general rule for reduced capability half-duplex UE in Rel-17 NR NTN specifications in TS 38.213 is that based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or receive the PDSCH, or the CSI-RS, or the PL RS, or the PDCCH, or the SS/PBCH blocks.
Proposal 4: The legacy specification for control and data of reduced capability half-duplex UE in Rel-17 NR specifications in TS 38.213 and TS 38.214 are sufficient to handle potential DL/UL collisions in Case 6. 


TA misalignment for Case 7
Proposal 5: The DL subframes during which the UE is not required to monitor a PDCCH candidate are described in terms of downlink subframe timing indexing including a “-TA” term.
Proposal 6: A small Guard Period Around the start / end of UL transmission can be configured to allow time in the redcap/eRedCap UE with HD-FDD mode for RF re-tuning and symbol/slot alignment in case the gNB does not have up to date knowledge of the UE-specific TA to handle potential DL/UL collisions in Case 7.
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