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[bookmark: _Ref473802466][bookmark: _Ref462669569]In RAN1#116, the following agreements were made regarding RedCap and eRedCap UEs in NR NTN [1]:
Agreement
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.

In RAN1#116bis, the following observations were agreed [2]
Observation
To avoid the occurrence of error cases 3 and 4 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB. 

Observation
For collision cases 1, 2, 5 and 6, when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there might be less resources available for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB attempts to avoid the collision or there is a loss of DL/UL transmissions due to collision. 

Observation
When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there may be a BLER performance degradation for the reception of UL transmissions at the gNB for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB does not attempt to avoid the collision at least in the following cases: 
· UL transmission with repetitions due to different available slot counting at UE and gNB when colliding with SSB reception
· PUSCH repetition type B due to different invalid symbol determination at gNB and UE when colliding with DL transmissions 
· UL transmission with DMRS bundling due to the different actual TDW determination at gNB and UE when colliding with DL transmissions
Note: the above cases happen at least with one of collision cases 1, 2, 5, 6, and 7.

In this contribution, we discuss potential issues facing by HD-FDD Redcap and eRedcap UEs when operating in NTN  and propose possible solutions to the issues. 

SIB19 reading
In NR NTN, a UE needs to read SIB19 from time to time to keep ephemeris up to date. It’s up to UE’s implementation to decide when to read SIB19, based on the ephemeris validity and the last time the UE acquired SIB19. Because SIB19 is broadcasted periodically and there are many SIB19 transmissions during an ephemeris validity duration, a full-duplex UE has plenty of opportunities to read SIB19. For a half-duplex UE, however, potential collision between UL transmissions and SIB19 can deprive the opportunities of reading SIB19. Avoiding UL transmissions during all SIB19 transmissions by gNB scheduling is not desirable for it will lead to loss of UE’s UL throughput and may downgrade or preclude some of the UL services to half-duplex UEs. For example, if UL voice packets are transmitted with 16 repetitions per 20 ms, it’s almost impossible to avoid the collision of PUSCH carrying voice with DL SIB19 transmissions by gNB scheduling as will be clear in the subsequent discussion as shown in Figure 1. If the UL transmissions in the figure are dynamic, UE may cancel the transmission of voice and/or drop the reception of SIB19 according to existing collision rules when there is a collision. As can be seen, the collisions can lead to unacceptable voice quality and loss of the opportunity of reading SIB19.


Figure 1. Collision of UL PUSCH carrying voice (16 repetitions per 20 ms voice packet) and SIB 19 transmission.

In NR, SIB19 is transmitted periodically during the associated SI windows. The duration and the start times of the SI windows are known to UEs. To ensure times for UEs to read SIB19, subsets of SIB19 SI windows can be configured as illustrated in Figure 2 and during these subsets of SI windows, UE can prioritize the reception of PDCCH and PDSCH for SIB19.



Figure 2. Reserved SIB19 SI windows during which SIB19 PDCCH and PDSCH can have higher priority than UL transmissions.

Proposal 1: Support the configuration of the whole or a subset of SIB19 SI windows during which a HD-FDD UE may drop a UL transmission if it collides with PDSCH carrying SIB19 or the associated scheduling PDCCH.
· During the above configured SIB19 SI windows, it’s up to UE to follow the existing collision rules or prioritize the reception of SIB19.
· FFS signaling of the configuration.

One example implementation is that the gNB configures 2 SI windows per 1024 subframes for all the HD-FDD UEs. In response, HD-FDD UEs will try to read the SIB19 during one of the two SI windows.

UL and DL Collision Rules
For HD-FDD operating in NTN, DL and UL collisions may not be completely avoidable. Considering collisions as error cases where UE can drop both the DL and UL is not desirable. The collisions that are considered as error cases (according to current specifications) are Case 3, Case 4, and collision between semi-static DL and PRACH/MsgA.  If network tries to avoid the error cases by scheduling, it would not only lead to significant loss of UE throughput but would also require the network to change the configurations for configured grants of a UE from time to time due to timing drift between DL and UL at the UE.  
Proposal 2:  For HD-FDD UEs in NR NTN, UE cancels the UL transmission or drops the DL reception for the collision Case 3, Case 4, and collision between semi-static DL and PRACH/MsgA.
· Support network configuration of dropping DL reception or cancelling UL transmission.
PUSCH collision with SSB 
In TN, the duration of a SSB with TX to RX and RX to TX switching times on the two sides is reserved when determining resources for PUSCH repetition and TBoMS as shown in the Figure below, see Sec 6.1.2.3 of TS38.214. 



Figure 3. The duration of a SSB with switching times is considered as invalid for PUSCH transmissions when determining resource for PUSCH repetition and TBoMS. For Type A PUSCH repetition and AvailableSlotCounting is enabled and for PUSCH TBoMS, the slot that has at least one invalid symbol is not used for the PUSCH transmission. 
For NR NTN, however, the above reserved duration in the UL is unknown to gNB due to unknown UE TA. As discussed above, gNB knows the minimal and maximal TA of the cell, which can then be used to determine the reserved duration for a SSB. As shown in Figure 4, For a UE with a given TA, UL symbols overlapping with the duration from SSBstart-TTX-RXTC+TA to SSBend+TRX-TX TC+TA collides with SSB reception. Since TA is in the range [TAmin, TAmax], for all UEs UL symbols outside the duration from  SSBstart-TTX-RXTC+TAmin to SSBend+TRX-TX TC+TAmax will not collide with the reception of the SSB.  




Figure 4. UL symbols that overlap with SSB reception.

Hence we have the following proposal.
Proposal 3: For PUSCH repetition and TBoMS for HD-FDD UEs in RRC-Connected in NR NTN, UL symbols overlapping with the duration from SSBstart-TTX-RXTC+TAmin to SSBend+TRX-TX TC+TAmax  are invalid resource where SSBstart and SSBend are the start and the end time of the UL symbols that have the same index of the SSB start and end symbols, respectively. 
· For Type A PUSCH repetition and when AvailableSlotCounting is enabled and for PUSCH TBoMS, a slot that has at least one invalid symbol is not counted. 
· FFS Signaling of TAmax and TAmin


Enhanced TA report 
Although UE specific TA report is supported in NR NTN, it was designed for the network to configure appropriate UE specific scheduling delay, Koffset. As such, the granularity of the TA report is 1 ms. In addition, the reported TA indicates the least integer number of slots, using subcarrier spacing of 15 kHz, greater than or equal to the actual TA value, i.e., TAreport=ceil(TAactual) with 1ms granularity. As shown in Figure 5, there is an uncertainty of 1 ms about the actual TA of a UE even with TA report, and for each 1 ms slot used for UL transmission, network has to assume 2 slots cannot used for DL transmission to the UE due to potential UL and DL collision. In addition, network may assume the TA is in the range of [TAmin, TAmax], where TAmin and TAmax are the minimal and maximal TAs for the cell, respectively. In both cases, the uncertainty about the transmission timing leads to additional loss in time for DL transmission. In the best case when UE TA report is available and up to date, every 1 slot of UL transmission leads to a loss of 2 slots for DL transmission. This means large loss of throughput when frequent DL/UL switching is needed. In the worst case, Ud+Uu<=1 where Ud and Uu are the DL and UL channel time usage in percentage, respectively. 



Figure 5.  Uncertainty about actual transmission time at gNB: a) based on UE TA report, b) based on maximal and minimal TA of the cell.


From the above, there may be excessive loss of throughput for a HD-FDD UE in NR NTN and additional scheduling constraints. For example, for a UE with TAreport=10 and a scheduled UL transmission for slot n+10, the gNB may not send any PDCCH or PDSCH to the UE in slots n and n+1. If the gNB knows that the TA is exactly 9 ms plus 11 symbols, then the gNB can still send PDCCH to the UE in slot n and a PDSCH in slot n+1 as shown in the figure below.


Figure 6. DL and UL scheduling when gNB knows accurate TA of the UE. 
As discussed above, accurate knowledge about the TA of a HD-FDD UE allows gNB more scheduling opportunities and improves the throughput of the UE. Hence, existing TA report should be made mandatory.
Proposal 4: For HD-FDD UEs in NR NTN, UE feature FG 26-4 is mandatory.
To allow subslot scheduling, the granularity of the TA report should at most be a symbol duration. In addition, TA drifting rate helps gNB to predict the TA in the future. For this, we propose the following:
Proposal 5: For HD-FDD UEs in NR NTN, support a new UE specific TA report with the granularity of the duration of a UL symbol.  
Proposal 6: For HD-FDD UEs in NR NTN, support UE report of TA drifting rate together with the enhanced UE specific TA report.

Summary
In this contribution, we have discussed issues facing by HD-FDD UEs operating in NR NTN with the following proposals:
Proposal 1: Support the configuration of the whole or a subset of SIB19 SI windows during which a HD-FDD UE may drop a UL transmission if it collides with PDSCH carrying SIB19 or the associated scheduling PDCCH.
· During the above configured SIB19 SI windows, it’s up to UE to follow the existing collision rules or prioritize the reception of SIB19.
· FFS signaling of the configuration.

Proposal 2:  For HD-FDD UEs in NR NTN, UE cancels the UL transmission or drops the DL reception for the collision Case 3, Case 4, and collision between semi-static DL and PRACH/MsgA.
· Support network configuration of dropping DL reception or cancelling UL transmission.

Proposal 3: For PUSCH repetition and TBoMS for HD-FDD UEs in RRC-Connected in NR NTN, UL symbols overlapping with the duration from SSBstart-TTX-RXTC+TAmin to SSBend+TRX-TX TC+TAmax  are invalid resource where SSBstart and SSBend are the start and the end time of the UL symbols that have the same index of the SSB start and end symbols, respectively. 
· For Type A PUSCH repetition and when AvailableSlotCounting is enabled and for PUSCH TBoMS, a slot that has at least one invalid symbol is not counted. 
· FFS Signaling of TAmax and TAmin

Proposal 4: For HD-FDD UEs in NR NTN, UE feature FG 26-4 is mandatory.
Proposal 5: For HD-FDD UEs in NR NTN, support a new UE specific TA report with the granularity of the duration of a UL symbol.  
Proposal 6: For HD-FDD UEs in NR NTN, support UE report of TA drifting rate together with the enhanced UE specific TA report.
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