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[bookmark: _Toc87625965]Introduction
This the feature lead (FL) summary of contributions for the “IoT-NTN Timing relationship enhancements” AI.  
[107-e-IoT-NTN-02] Email discussion/approval on timing relationship enhancements with checkpoints for agreements on November 15 and 19 – Sam (Sony)
[bookmark: _Toc87625966]Overview of Main Issues from company contributions
At RAN#92e, a work item was approved for IoT NTN [1]. In this work item description, RAN1 is charged with specifying the following IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763 [2]:
· Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
· UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
· Signaling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signaling load and determination of the UE-specific TA. 
At previous RAN1 meetings, many of the NB-IoT and eMTC timing relationships were agreed for enhancement. A few timing relationships were discussed but agreement was not reached on the need for enhancement nor how to enhance. Signaling aspects of UE-specific TA were also discussed but agreement was not reached. At RAN1#106bis-e designation of subframes with PDCCH monitoring restrictions for NB-IoT was discussed but not concluded.
Analysis of companies’ contributions to this AI at RAN1#107-e shows that a substantial majority concentrated on the PDCCH monitoring issue, a few outstanding timing relationships for NB-IoT, the issue of UE-specific TA, handling of Koffset and Kmac. A few other issues were also raised in contributions and these are also summarised in this FL document. 
For this first round of email discussions, companies are invited to make their views known on only the issues discussed in the following sections:
· 3.1.2 with 4 FL proposals
· 3.2.2 with 2 FL proposals
· 4.1.2 with 1 FL survey
· 5.1.2 with 1 FL proposal and 1 FL survey
[bookmark: _Toc87625967]FIRST ROUND: Near consensus proposals 
FL Proposal 3.1.2-1: 
For IoT NTN, signalling one value for cell-specific K_offset in system information is supported.
FL Proposal 3.1.2-2: 
For IoT NTN, the unit of K_offset is number of subframes based on a 15kHz subcarrier spacing.

FL Proposal 3.1.2-3: 
For IoT NTN, the UE specific K_offset is provided and updated by the network using MAC CE.
FL Proposal 3.2.2-1:
For IoT NTN, the information of K_mac is carried in system information.
FL Proposal 3.2.2-2:
For IoT NTN, the unit of K_mac is number of subframes based on a 15kHz subcarrier spacing

[bookmark: _Toc87625968]Koffset and Kmac Handling
FL considers company contributions in both NB-IoT and eMTC together.
[bookmark: _Toc87625969]Koffset Handling
[bookmark: _Toc87625970]Companies’ Observations and Proposals
	Ericsson
	Proposal 2: Support the configuration of cell-specific Koffset via the signaling of one value in system information.
Proposal 3: Use cell-specific Koffset configured in system information for all timing relationships that require Koffset enhancement if no other Koffset is provided to the UE.
Proposal 4: UE-specific Koffset is provided and updated by network with MAC CE.
Proposal 5: The unit of Koffset is one subframe.

	Intel 
	Proposal 2: The same signalling design for UE-specific K_offset is used for IoT NTN and NR NTN 
-	UE-specific K_offset is indicated via MAC CE
-	Indication of difference between cell-specific K_offset and UE-specific K_offset can be considered

	ZTE
	Proposal-1: Signal a differential value via MAC CE to provide or update UE specific K_offset. And UE-specific K_offset = Cell specific K_offset - Differential value.

	Apple
	Proposal 1: In IoT NTN, signaling one value for cell specific  is supported.
Proposal 2: In IoT NTN, the unit of  is subframe in 15 kHz subcarrier spacing. 
[bookmark: _Hlk87437670]Proposal 3: In IoT NTN, the UE specific  is provided and updated by network with MAC CE. 
[bookmark: _Hlk87437572]Proposal 4: In IoT NTN, the value range of  is 0 - 542 ms for all scenarios. 

	Nordic Semiconductor ASA
	Proposal-3: Cell-specific  is at least indicated in SIB1 



[bookmark: _Ref87551851][bookmark: _Toc87625971]FIRST ROUND Discussion on Koffset Handling
At RAN1#106bis-e, the following agreement was also made with respect to Koffset in IoT NTN:
Agreement:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, the mechanisms concluded in NR-NTN shall be taken as baseline.
Given this agreement for Koffset handling to use NR NTN solutions as baseline, FL is now in a position to make some proposals adapted from NR NTN agreements on Koffset handling by considering the various issues. 
Issue#1: Configuration of Koffset in System Information
In NR NTN, there has been a discussion on the number of Koffset values to configure and also whether cell-specific Koffset(s) or a beam-specific Koffset (s) are configured. At RAN1#106bis-e, the NR NTN consensus is to support a single value of cell-specific Koffset as per this agreement. 
Agreement:
Signalling one value for cell-specific K_offset is supported.
Given that this is the last meeting, FL thinks there is no more time in Rel17 to rehash the various arguments on this issue for IoT NTN. FL therefore proposes that the solution from NR NTN be adopted as is for IoT NTN. Companies are encouraged to make their views known during this first round.
FL Proposal 3.1.2-1: 
For IoT NTN, signalling one value for cell-specific K_offset in system information is supported.
	Company
	Support/Not Support
FL Proposal 3.1.2-1: 
	Comments and Proposal

	
	
	

	
	
	

	
	
	

	
	
	



Issue#2: The unit of Koffset
At RAN1#106e, it was agreed for NR NTN as follows:
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.

Then at RAN1#106bis-e, it was further agreed for NR NTN as follows:
Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2

As NB-IoT and eMTC also use a 15kHz subcarrier spacing for PDSCH and PUSCH (3.75kHz is also supported for NB-IoT NPUSCH) that matches the solution for FR1 in NR NTN, FL therefore proposes that the solution from NR NTN be adopted as is for IoT NTN. Companies are encouraged to make their views known during this first round.

FL Proposal 3.1.2-2: 
For IoT NTN for NB-IoT, the unit of K_offset is number of slots based on a 15kHz subcarrier spacing.

For IoT NTN for eMTC, the unit of K_offset is number of subframes.


	Company
	Support/Not Support
FL Proposal 3.1.2-2: 
	Comments and Proposal

	
	
	

	
	
	

	
	
	

	
	
	



Issue#3: Signalling of UE-specific Koffset
At RAN1#106e, it was agreed for NR NTN as follows:
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

Then at RAN1#106bis-e, it was further agreed for NR NTN as follows:

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms
MEO: [93] – [395] ms
GEO: [477] – [542] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.



In company contributions, Apple argues that it is simpler to adopt a single range for GEO, MEO and LEO. ZTE and Intel argue that for UE-specific Koffset signalling, the delta with respect to the cell-specific Koffset should be signalled. As NR NTN has not come to a conclusion on both these issues (range, and quantity to signal), FL recommends that we wait for NR NTN conclusion - hopefully at this meeting. 

Companies that expressed a view on the means for signalling the UE-specific Koffset favour the use of MAC CE for signalling. FL therefore makes the following proposal with respect to the signaling means for UE-specific Koffset in IoT NTN. Companies are encouraged to make their views known during this first round.

FL Proposal 3.1.2-3: 
For IoT NTN, the UE specific K_offset is provided and updated by the network using MAC CE.
	Company
	Support/Not Support
FL Proposal 3.1.2-3: 
	Comments and Proposal

	
	
	

	
	
	

	
	
	

	
	
	



Issue#4: Primacy of UE-specific Koffset
Koffset is used by the eNB for scheduling and by the UE to modify timing relationships. For a given UE, the UE-specific Koffset is more accurate than the cell-specific Koffset from the point of view of resource utilisation. It is reasonable therefore, that when UE-specific Koffset is configured, the UE and network should use it instead of the cell-specific Koffset. FL therefore makes the following proposal with respect to the primacy of UE-specific Koffset over cell-specific Koffset in IoT NTN. Companies are encouraged to make their views known during this first round.

FL Proposal 3.1.2-4: For IoT NTN, the UE shall use its UE-specific Koffset when configured, instead of the cell-specific Koffset for all timing relationships that require Koffset enhancement. 
	Company
	Support/Not Support
FL Proposal 3.1.2-4: 
	Comments and Proposal

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Toc87625972]Kmac Handling
The UE-eNB RTT can be estimated as the sum of UE’s TA and Kmac.  
[bookmark: _Toc87625973]Companies’ Observations and Proposals
	CATT
	Proposal 2: For IoT NTN, with respect to the granularity, configuration, indication of K_mac, the mechanisms concluded in NR-NTN shall be taken as baseline.

	Ericsson
	Proposal 6: UE can be provided by network with a K_mac value. When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Proposal 7: The information of K_mac is carried in system information.
Proposal 8: The unit of K_mac is one subframe.

	ZTE
	Proposal-4: One value range of K_mac as (0~511) should be supported for GEO, MEO, LEO scenarios. 

	Apple
	Proposal 8: For UE-eNB RTT estimation, information of  is carried in system information.
Proposal 9: In IoT NTN, the unit of  is subframe in 15 kHz subcarrier spacing.
Proposal 10: In IoT NTN, the value range of  is 1 - 271 ms for all scenarios. If  is not indicated by network, the default value of  is 0 ms. 



[bookmark: _Ref87551852][bookmark: _Toc87625974]FIRST ROUND Discussion on Kmac Handling
At RAN1#106bis-e, it was agreed for eMTC in IoT NTN as follows:
Agreement:
For eMTC, if the UE has initiated an PUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the MPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).
As this agreement depends on K_mac, it is necessary to adapt the NR NTN agreements bearing on K_mac into IoT NTN as necessary. The issues to adopt/adapt agreements on are similar to those for Koffset.
Whilst the issues of Kmac handling were discussed and some agreed in NR NTN, they have not been discussed previously for IoT NTN. Given that this is the last RAN1 meeting for this SI, FL thinks there is no more time in Rel17 to rehash the various arguments on these issues for IoT NTN. On the issue of range of K_mac to which some companies have expressed a view in contributions at this meeting, at RAN1#106e, it was agreed for NR NTN as follows:
Agreement:
· For defining value range(s) of K_mac, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_mac covering all scenarios.
	[1] – [271] ms
	Same as the unit of K_mac

	Option 2: Different value ranges of K_mac for different scenarios.
	LEO: [1] – [25] ms
MEO: [1] – [198] ms
GEO: [1] – [271] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_mac

	Note 1: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.
Note 2: Note that it was agreed already that when UE is not provided by network with a K_mac value, UE assumes K_mac = 0.



The range of K_mac is therefore still under discussion for NR NTN. FL proposes to wait for NR NTN decision at RAN1#107-e. For the other issues, FL can propose that in other aspects of K_mac handling, the solutions from NR NTN be adopted with any adaptations as needed for IoT NTN. Companies are encouraged to make their views on each proposal known.
Issue#1: Configuration of Kmac in System Information
At RAN1#106e, it was agreed for NR NTN as follows:
Agreement:
The information of K_mac is carried in system information.
FL proposes that this be directly adopted for IoT NTN.
FL Proposal 3.2.2-1:
For IoT NTN, the information of K_mac is carried in system information.
	Company
	Support/Not Support
FL Proposal 3.2.2-1: 
	Comments and Proposal

	
	
	

	
	
	

	
	
	

	
	
	



Issue#2: Granularity of Kmac
At RAN1#106e, it was agreed for NR NTN as follows:
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:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2

FL proposes that this be adapted with respect to SCS and adopted for IoT NTN without the FFS.
FL Proposal 3.2.2-2:
For IoT NTN for NB-IoT, the unit of K_mac is number of slots assuming a 15kHz subcarrier spacing.
For IoT NTN for eMTC, the unit of K_mac is number of subframes.
	Company
	Support/Not Support
FL Proposal 3.2.2-2: 
	Comments and Proposal

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Toc87625975]Outstanding Timing Relationships for IoT NTN
[bookmark: _Toc87625976]NPRACH Retransmission
At RAN#107e, this issue was discussed for IoT NTN and the following agreement made:
Agreement:
For eMTC in IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission subframe shall be delayed by Koffset as compared to current specifications.
As the agreement did not include NB-IoT, some companies have studied and contributed on preamble retransmission for NB-IoT.
[bookmark: _Toc87625977]Companies’ Observations and Proposals
	NEC
	Proposal 1: For NB-IoT in IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission subframe shall be delayed by Koffset as compared to current specifications.

	CATT
	Proposal 1: For NB-IoT in NTN, timing enhancement of preamble retransmission is needed, otherwise, large preamble arrival timing offset of multiple users at base station will cause preamble detection failure.

	CMCC
	Proposal 1: For NB-IoT in IoT NTN, if the UE determines that a preamble retransmission is necessary, further enhancement on the timing relationship as compared to current specifications is not needed.



[bookmark: _Ref87551861][bookmark: _Toc87625978]FIRST ROUND Discussion on NPRACH Retransmission
Contributing companies are arguing that preamble retransmission timing relationship in NB-IoT should also be enhanced as in eMTC. 
According to TS 36.213 section 16.3.2, for NB-IoT, if a UE fails to receive RAR to a recent NPRACH transmission in the subframe n where it expected to receive the RAR, the UE shall be, if requested by higher layers, ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n. 
In the discussions at previous meetings, it is apparent that companies have two conflicting interpretations of the current specifications:
1. The 12ms sets the duration of a window within which the UE should select a retransmission RACH Occasion
Companies having this interpretation conclude that the legacy specification means that the UE should choose a RACH occasion (RO) for the retransmission that starts at a time tRO within a window of 12ms duration that starts from the end of DL subframe n i.e. a window from t0 to t0+12ms where t0 is the time of the end of DL subframe n. With the RO chosen, the UE will then at least commence the preamble retransmission during this window.
Since in NTN, PRACH must be transmitted with TA pre-compensation, it is required that tRO be chosen such that: t0  ≤  tRO – TA.
For LEO with an RTT of 25.77 ms (600km) or 41.77 ms (1200km), it is expected that the TA will exceed 12ms. It can be surmised therefore that, the start time tRO of the chosen PO would always lie beyond the 12ms. The question is whether the UE can choose an RO whose start time tRO ≤ t0+12ms  i.e. inside the window t0 to t0+12ms implied by the current specifications. The answer is of course negative because for 0 < (tRO - t0) ≤ 12, the equation t0 ≤ tRO – TA no longer holds when TA > 12ms. So, the UE cannot in any of LEO, MEO or GEO scenario choose an RO within the 12ms window. This is the reason why companies subscribing to this interpretation think there is need for enhancement of the timing relationship by delaying by Koffset.
2. The 12ms sets the duration of a window within which the UE only has to be ready to retransmit PRACH
Some companies at previous RAN1 meetings argued that the current specification only requires the UE to be ready “no later than 12ms after the end of subframe n” to transmit a new preamble. Specifically, they argue that the current specifications do not require that the UE should start the preamble retransmission within the 12ms window. In other words, the UE having been ready within the 12ms window can start the preamble retransmission at any time afterwards and so can consider the TA in the choice of when it starts the preamble retransmission. Accordingly, the UE can choose a RO that starts at a time tRO such that t0 ≤ (tRO – TA) and so these companies argue that enhancement is not therefore necessary for NB-IoT. 
The question is, which of these interpretations is right? FL tends to think that setting a time limit for PRACH retransmission (rather than readiness to retransmit) is useful for example to curtail the time it takes to complete some procedures such as PDCCH ordered PRACH, RLF recovery, cell search/reattachment etc that incorporate the use of the RACH procedure. The second interpretation seems to leave the time it takes the UE to retransmit the PRACH solely to the UE without setting any limits as to how long the upper layers must wait for the completion of the RACH procedure.
In this initial round FL it may be useful to get the views of companies as to which of these interpretations they subscribe to. Accordingly, FL makes the following proposal and respectfully asks companies to digest the analysis above and make their views known.
FL Survey 4.1.2:
Which of the following interpretation of “the UE shall 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” do you subscribe to:
Option 1: The 12ms is the duration of a window within which the UE should select a retransmission RACH Occasion.
Option 2: The 12ms is the duration of a window within which the UE only has to be ready to retransmit PRACH
	Company
	Preferred Option
FL Survey 4.1.2
	Comments and Proposal

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Toc87625979]PDCCH Order to PRACH
[bookmark: _Toc87625980]Companies’ Observations and Proposals
	vivo
	Proposal 1: Support to apply UE-specific K_offset to M/NPDCCH ordered PRACH if configured; otherwise, cell-specific K_offset is applied.

	Xiaomi
	Proposal 1: For random access procedure initiated by a NPDCCH order received in downlink slot  , UE determines the next available NPRACH occasion after uplink slot    to transmit the ordered NPRACH, wherein, the Koffset is the cell-specific Koffset.



[bookmark: _Toc87625981]FIRST ROUND Discussion on PDCCH order to PRACH
The two companies’ proposals on this issue relate to Issue#4: Primacy of UE-specific Koffset in section 3.1.2. If it is decided that UE-specific Koffset is always used if configured, otherwise cell-specific Koffset is used, that will also settle the issue here. FL therefore recommends that we decide first on FL Proposal 3.1.2-4.
FL Recommendation: A decision on FL Proposal 3.1.2-4 will also resolve this issue.
[bookmark: _Toc87625982]NPUSCH using PUR
[bookmark: _Toc87625983]Companies’ Observations and Proposals
	Spreadtrum
	Proposal 3: PUR transmission for NGSO-based IoT NTN should be deprioritized in R17.

	NEC
	Proposal 2: There is no need to support PUR for NGEO-based IoT NTN in Rel-17.

	Nokia, Nokia Shanghai Bell
	Observation 8: Use of PUR is conditioned on the UE having a valid configuration for the serving cell, having valid time alignment and that the RSRP change is within a threshold. 
Observation 9: Fulling the PUR conditions in a LEO NTN deployment may be challenging due to the changing cell coverage.
Observation 10: Fulling the PUR conditions in a GEO NTN deployment may be feasible due to the static cell coverage.
Observation 11 : For LEO NTN, the PUR configuration can be made for a certain target cell and potentially also include corresponding RSRP thresholds for time alignment validation.
Proposal 4: Leave support for PUR in LEO NTN as future work.

	Lenovo, Motorola Mobility
	Proposal 1: Support PUR for NGEO-based IoT NTN in Rel-17.



[bookmark: _Toc87625984]Other remaining issues for IoT NTN
[bookmark: _Ref84837235][bookmark: _Toc87625985]NPDCCH Monitoring Restrictions
In NTN, the TA is large enough to change the subframes on which NPDCCH monitoring is restricted. 
The subframes restricted for NPDCCH monitoring ought to be those immediately preceding and following UL transmissions. In TN, because the TA is typically a tiny proportion of the subframe duration, timing advance of UL transmissions rarely changes the scheduled subframe or slot of the UL transmission. For this reason, restrictions on NPDCCH monitoring just prior to the UL transmissions do not take into account the TA in current specifications. In NTN, the TA can be tens of times the subframe duration and so some changes in the designation of subframes with restrictions on PDCCH monitoring may be needed.
At RAN1#106bis-e, this issue was discussed and the following agreement made:
Agreement:
NPDCCH monitoring restrictions have been identified for further checking to see if changes for NB-IoT need to be made for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions
· FFS: the changes in each case
· FFS: additional cases

Companies have studied each of these cases whose descriptions are in Appendix A in contributions at this meeting.
[bookmark: _Toc87625986]Companies’ Observations and Proposals
	Huawei
	Proposal 6: For case 3 configured with MTGB, case1, case 4 and case 6, the PDCCH monitoring should take into consideration of K_offset.
For case 2, the most important thing is whether a common understanding between UE and gNB about the applied TA used by UE can be achieved. In fact, as we illustrated in the section of UE specific TA reporting, with a granularity of one slot, the UE specific TA that gNB obtained would be updated before the difference exceeds one subframe. Therefore, there will be no ambiguity of timing relationship between UE and gNB as the TA offset maintained by gNB and the real applied TA is samll. Furthermore, as shown in Figure 3, the DL subframe n+k+Koffset-TA is the UL subframe n+k+Koffset no matter that the UL and DL frame timing may aligned or unaligned at the gNB. And the timing relationship description in specification is usually from a logical timing aspect, it is not suitable to introduce a real time of TA. To simplify the description of specification and keep consistent with the protocol description, using the “UL subframe n+k+Koffset” to replace the “DL subframe n+k+Koffset-TA” is preferable.
Proposal 7: For case 2, 5 and case 3 when scheduling 2HARQ processes, using the “UL subframe n+k+Koffset” to describe NPDCCH monitor restriction.
Proposal 8: For case 7~11, the NPDCCH monitoring should take into consideration the timing offset between the UL and DL frame at the gNB.

	vivo
	Observation 1: NPDCCH monitoring restrictions need to be changed in NB-IoT for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions

[bookmark: OLE_LINK3]Proposal 2: Support to introduce  for current restrictions on NPDCCH monitoring in those cases, where the unit of  is subframe and the value of  is derived from TA in UE side.

	Spreadtrum Communications
	· 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 for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from DL subframe n+1 to UL subframe n+k-1+Koffset, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2+Koffset to UL subframe n+k-1+Koffset; and
· the UE does not expect to receive a DCI Format N0 before UL subframe n+k-2+Koffset for which the corresponding NPUSCH format 1 transmission ends later than UL subframe n+k+255+Koffset if the corresponding NPDCCH with DCI format N0 schedules one transport block.
for TDD, and if the corresponding NPUSCH format1 transmission ends in UL subframe n+m+Koffset, the UE is not required to monitor NPDCCH in any subframe starting from UL subframe n+ k+Koffset to UL subframe n+m-1+Koffset.

	Mavenir
	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-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+K_offset
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 for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k+K_offset -1,
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-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+K_offset
otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset -2 to subframe n+k+K_offset -1; and
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-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+K_offset
…
· the UE does not expect to receive a DCI Format N0 before subframe n+k+K_offset -2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+K_offset +255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
· for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m+K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  to subframe n+m+K_offset -1.
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-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+K_offset
…
otherwise
· if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k+K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1. 
for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k +K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset .
If the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH format 1 transmission starts from n+k
· for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m+K_offset the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m+K_offset -1.
for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m+K_offset the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m+K_offset -1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and
· for FDD, if the corresponding NPRACH transmission starts from subframe n+k+K_offset , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1. 
for TDD, if the corresponding NPRACH transmission ends in subframe n+k+K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1.

Proposal 1: The text proposals in case 1-6 in Section 2 of this contribution should be applied to the existing specifications.

	Nokia, Nokia Shanghai Bell
	Observation 12: According to specification, a UE will not receive downlink subframes immediately before or after an uplink subframe for that UE.
Observation 13: IoT NTN network is aware of the K_offset and UE TA. Therefore, network can determine which downlink subframes may be blocked by uplink transmissions, and avoid scheduling in those specific downlink resources.
Proposal 5: for PDCCH monitoring, first choice is network to control the PDCCH transmission to avoid collision between UL and DL.
Proposal 6: There is no need for specifying further restriction of PDCCH monitoring in IoT NTN if no large impact on performance for cases.
Since the network can make sure not to schedule a UE in the blocked downlink subframes, based on K_offset and UE reported TA, and the UE is anyway not required to receive such blocked downlink subframes, there seems not to be a need for further specification of restricting PDCCH monitoring in IoT NTN.
There is agreement in RAN1 #106bis-e meeting to further check if there is need to change specification on NPDCCH monitoring restrictions for NB-IoT for cases. However, based on above analysis, the first choice to consider is network to control the PDCCH transmission to avoid collision between UL and DL. For the cases listed in the agreement, if no large impact on performance, no need to modify the specification.

	OPPO
	Proposal 1: Support the proposed enhancements for NPDCCH monitoring in IoT-NTN. 
Proposal 2: Further consider NPDCCH monitoring enhancements for TDD if supported.
· Case 1- 4
Proposed enhancements:
[bookmark: _Hlk87048062]For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-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+K_offset,
-	(case 1: MTBG NPUSCH) 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 for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1+K_offset, (case 2: 2 NPUSCH HARQ processes scheduled) otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1+K_offset; and
· (case 3: long single NPUSCH when MTBG or 2HARQ configured) 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+K_offset if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	(case 4: single NPUSCH scheduled by DCI format N0 or RAR) if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k+K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1+K_offset. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.
· Case 5
Proposed enhancements:
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	(case 5: NPUSCH format 2 in response to DCI format N1) for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1+K_offset. 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
· Case 6
Proposed enhancements:
If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	(case 6: NPRACH in response to PDCCH order) for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1+K_offset. 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.

	MediaTek Inc
	Observation 4: If UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2+Koffset-TAUE-specific  to subframe n+k-1 +Koffset-TAUE-specific, then UE only needs to monitor Koffset-TAUE-specific +2 DL subframes for NPDCCH with UL grant for HARQ process #1
Proposal 4: UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2+Koffset-TAUE-specific  to subframe n+k-1 +Koffset-TAUE-specific 


	Sony
	In case 1, the two TBs are scheduled by a single DCI for NPUSCH transmission starting from subframe n+k. The specification says monitoring of NPDCCH is not required from immediately after the last subframe of the NPDCCH (subframe n+1) until the subframe just before the NPUSCH starts (subframe n+k-1). In IoT NTN, the NPUSCH transmission subframe shall be delayed to n+k+Koffset and actually transmitted in subframe n+k+Koffset - TA once the NPUSCH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframes n+1 until n+k+Koffset – TA-1.
Case 2 is similar to case 1 except that multiple NPUSCH are not scheduled by a single DCI. Since the NPUSCH processing requirement is reduced, the number of subframes NPDCCH monitoring is restricted on is reduced to just the two subframes n+k-2 and n+k-1. In IoT NTN, the NPUSCH transmission subframe shall be delayed to n+k+Koffset and actually transmitted in subframe n+k+Koffset - TA once the NPUSCH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframe (n+k+Koffset – TA-2) to subframe (n+k+Koffset – TA-1).
In case 3, if the UE is configured to transmit a long NPUSCH stretching over 255 subframes from subframe n+k, then the UE is not expected to receive another DCI scheduling another long NPUSCH between subframe n+1 and subframe n+k-2. In IoT NTN, the NPUSCH transmission subframe shall be delayed to n+k+Koffset and actually transmitted in subframe n+k+Koffset - TA once the NPUSCH is timing advanced. Therefore, the subframes in which the UE is not expected to receive another DCI scheduling another long NPUSCH is: subframe (n+1) to subframe (n+k+Koffset – TA-2). 
Does this mean it does not have to monitor NPDCCH? Are there other DCI formats needing monitoring, for example?
Case 4 is the baseline case. The UE does not monitor NPDCCH from subframe n+1 to subframe n+k-1.  In IoT NTN, the NPUSCH transmission subframe shall be delayed to subframe (n+k+Koffset) and actually transmitted in subframe (n+k+Koffset – TA) once the NPUSCH is timing advanced. Therefore, the subframe in which NPDCCH monitoring restrictions should apply is: subframe (n+1) to subframe (n+k+Koffset – TA-1).
Proposal 1: For an NB-IoT UE that detects NPDCCH with DCI Format N0 scheduling a corresponding NPUSCH Format 1, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.
In case 5, the UE receives NPDSCH starting from subframe n+k and then has to transmit NPUSCH format 2 starting in subframe n+m. The UE is not expected to monitor NPDCCH between subframes n+k and subframe n+m-1. In IoT NTN, the NPUSCH transmission shall be delayed by Koffset and so shall start instead at subframe (n+m+Koffset-TA) once the NPUSCH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframe (n+k) to subframe (n+m+Koffset – TA-1).
Proposal 2: For an NB-IoT UE using FDD that receives an NPDSCH and has to transmit a corresponding NPUSCH Format 2, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.
In case 6, the UE receives a NPDCCH order to RACH ending in subframe n and the corresponding NPRACH should start from subframe n+k. The UE is not expected to monitor NPDCCH in subframes n+1 to subframe n+k-1. In IoT NTN, the NPRACH transmission shall be delayed by Koffset and so shall start instead at subframe (n+k+Koffset-TA) once the NPRACH is timing advanced. Therefore, the subframes in which NPDCCH monitoring restrictions should apply are: subframe (n+1) to subframe (n+k+Koffset – TA-1).
Proposal 3: For an NB-IoT UE using FDD that receives an NPDCCH order to RACH and has to transmit a corresponding NPRACH, update the designation of subframes in which NPDCCH monitoring is restricted to take account of Koffset and TA.

	Ericsson
	Proposal 1: For NB-IoT in IoT NTN, in the timing relationship for NPDCCH monitoring restriction, DL “subframe n+x” is updated to “DL subframe n+x” and UL “subframe n+y” is updated to “UL subframe n+y+Koffset”.
Therefore, as summarized in Table 1 of Annex B, one simple way for the modification of the timing relationship in NPDCCH monitoring restriction in NB-IoT NTN is to  
· Update DL “subframe n+x” to “DL subframe n+x”, and
· Update UL “subframe n+y” to “UL subframe n+y+Koffset”

	Qualcomm
	Proposal 1: Before a NPUSCH transmission for the case of two HARQ processes (where the NPDCCH scheduling the NPUSCH ends in subframe  and the NPUSCH starts from )
· For single-TB scheduling, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+k-2 to subframe n+k-1
· For multi-TB scheduling, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1
Proposal 2: Before a NPUSCH transmission for the case of single HARQ process, or before one triggered by a RAR (where the NPDCCH scheduling the NPUSCH or the RAR ends in subframe  and the NPUSCH starts from )
· the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1
Proposal 3: If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
· for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m+ the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
Proposal 4: If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and
· for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
Proposal 5: After a NPUSCH transmission, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 , where the NPUSCH transmission ends in subframe 
Proposal 6: For Type B half-duplex guard periods, a UE is not expected to receive a downlink subframe:
· preceding an uplink subframe by  subframes from the same UE, and
· following an uplink subframe by  subframes from the same UE.

	Intel
	Proposal 3: For the NPDCCH monitoring restrictions cases agreed at the last RAN1 meeting
· Subframes for DL reception are specified as DL subframe
· Subframes for UL transmission are specified as UL subframes
· It is assumed that UL subframe timing is shifted by the TA w.r.t. DL subframe timing
· It is up to the gNB how/when to transmit NPDCCH considering the specified NPDCCH monitoring restrictions and TA uncertainty at the gNB (due to aging of reported TA value)

	CMCC
	Regarding NPDCCH monitoring restrictions, two typical restriction modes can be identified as following:
· Type 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1. In this case, the duration of NPDCCH monitoring restriction windows is about (k-1) ms in terrestrial network.
· Type 2: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1. In this case, the duration of NPDCCH monitoring restriction windows is about 2 ms in terrestrial network.
Observation 1: For NPDCCH monitoring restrictions, two restriction modes can be identified:
· Type 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1.
· Type 2: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1.
Proposal 2: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, the following modification candidates can be considered.
· For Type 1 restriction mode: 
· Option 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from DL subframe n+1 to UL subframe n+k-1.
· Option 2: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k+K_offset--1.
· For Type 2 restriction mode: 
· Option 1: the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2 to UL subframe n+k-1.
· Option 2: the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset--2 to subframe n+k+K_offset--1.
wherein,  is the current TA used by the UE expressed as an integer number of subframe durations.
Observation 2: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN:
· For Type 1 restriction mode: compared with terrestrial network, the duration of NPDCCH monitoring restriction windows in NTN may be enlarged for about (K_offset-) ms.
· For Type 2 restriction mode: compared with terrestrial network, the duration of NPDCCH monitoring restriction windows keep unchanged in NTN.
Observation 3: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, for Type 1 restriction mode, with the help of UE specific TA report, eNB can configure UE specific K_offset as close to the UE specific TA, thus the difference between UE specific K_offset (K_offset) and current TA () may be less than 1ms.
Proposal 3: For timing relationship enhancement for NPDCCH monitoring restrictions in IoT NTN, for Type 1 restriction mode, further enhancement to reduce the enlarged NPDCCH monitoring restriction windows can be deprioritized.

	ZTE
	Observation 1: Introducing “K_offset-n_TA” is not available for Case 6/10/11 considering the validity of TA can’t be ensured for a UE in case of PDCCH order NPRACH and NPRACH for SR as well. 
Proposal-3: Support to specification updates for case 1~6, 10~11 as listed in Appendix A with following 2 options:
· Option 1: Addition K_offset should be added when the constraint subframe is described with UL subframe 
· Option 2: Additional ‘K_offset - n_TA’ should be added when the constraint subframe is described with DL subframe 

	Samsung
	Proposal: Further discuss the need and benefit of restricting NPDCCH monitoring for IoT over NTN. 

	Lenovo, Motorola Mobility
	Proposal 2: NPDCCH monitoring duration should be based on downlink subframe index not uplink subframe index.
Proposal 3: NPDCCH monitoring duration should be updated from subframe n+k to subframe n+k+Koffset.

	Nordic Semiconductor ASA
	Proposal-2: Accept the above changes to TS36.213 section 16.6



[bookmark: _Ref87551876][bookmark: _Toc87625987]FIRST ROUND Discussion on PDCCH Monitoring Restrictions
In their contributions, companies propose that some cases need changing and others do not. The following table summarises the proposals:

	Case
	Companies for change
	Summary of Change

	case 1: MTBG NPUSCH

	Huawei, Mavenir, OPPO, Ericsson

Sony, ZTE, Lenovo
	n+k+Koffset

n+k+Koffset-TA

	case 2: 2 NPUSCH HARQ processes scheduled
	Huawei, Mavenir, OPPO, Ericsson, ZTE

MTK, Sony, Lenovo
	n+k+Koffset

n+k+Koffset-TA

	case 3: long single NPUSCH when MTBG or 2HARQ configured
	Huawei, Mavenir, OPPO, Ericsson

Sony, Qualcomm, CMCC, ZTE, Lenovo
	n+k+Koffset

n+k+Koffset-TA

	case 4: single NPUSCH scheduled by DCI format N0 or RAR

	Huawei, Mavenir, OPPO, Ericsson

Sony, Qualcomm, CMCC, ZTE, Lenovo
	n+k+Koffset

n+k+Koffset-TA

	case 5: NPUSCH format 2 in response to DCI format N1

	Huawei, Mavenir, OPPO, Ericsson

Sony, Qualcomm, CMCC, ZTE, Lenovo
	n+k+Koffset

n+k+Koffset-TA

	case 6: NPRACH in response to PDCCH order

	Huawei, Mavenir, OPPO, Ericsson

Sony, Qualcomm, CMCC, Lenovo
	n+k+Koffset

n+k+Koffset-TA

	case 7: NPUSCH with same HARQ process when 2 HARQ configured

	
	

	case 8: subframes after NPUSCH processing

	
	

	case 9: subframes after NPUSCH carrying Msg3

	
	

	case 10: NPRACH for SR for long NPRACH transmissions

	ZTE
	n+k+Koffset


	case 11: NPRACH for SR for short NPRACH transmissions
	ZTE
	n+k+Koffset




 At least 7 companies in each of cases 1 to 6 think modification of the subframes designated for restricted NPDCCH monitoring is needed. Companies almost split 50:50 on whether the modification requires the TA or not. Some of the companies that say the TA is not needed argue that the TA value may be different between the UE and eNB. However, reporting the TA to the eNB is meant to help the eNB in scheduling. This means that the value at the UE and eNB should match for the majority of the time.
The point about restricted NPDCCH monitoring is that the eNB will itself not transmit any DCI targeted at the particular UE in the subframes on which NPDCCH monitoring is restricted for that UE. This means that the eNB should also know which subframes are restricted for NPDCCH monitoring based on the scheduling of the particular UE. The eNB knows about Koffset and the UE TA, so it can use these in calculating which subframes to avoid for any DCI targeted at the given UE.
Immediately after reception of subframe n, the UE ought to know which subframes in which not to monitor NPDCCH because for some cases, subframe n+1 is one of those. These subframes in general occur before and after the subframe in which the UE has to transmit in the UL, for example, as indicated by the DCI. To know these subframes, the UE has to simulate delaying the UL transmission by Koffset to subframe n+k+Koffset. But the actual subframe of UL transmission shall be n+k+Koffset -  since the UL transmission will be subjected to timing advance. In many of the cases, the NPDCCH monitoring restrictions apply in subframes before the subframe in which the UL transmission will take place. This means that the UE must calculate the designation of the subframes restricted for NPDCCH monitoring in advance – just after the time of reception of DL subframe n. It seems to FL that the UE cannot do this without taking into account both Koffset and .
FL respectfully urges companies to study and assess the above analysis and then provide their comments to the following proposals. In a following email discussion round, following the result of FL Survey 5.1.2-2, proposals will be made on proposed changes to the specifications.
FL Proposal 5.1.2-1: 
Modification of the designation of subframes with NPDCCH monitoring restrictions is needed for at least Cases 1 to 6.
	Company
	Support/Not Support
FL Proposal 5.1.2-1: 
	Comments 

	
	
	

	
	
	

	
	
	

	
	
	



FL Survey 5.1.2-2: 
To know in advance the subframes in which NPDCCH monitoring restrictions apply, the UE needs to consider both its TA and Koffset.
	Company
	Agree/Not Agree
FL Survey 5.1.2-2: 
	Comments 

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Ref80215140][bookmark: _Ref84837251][bookmark: _Toc87625988]HD Guard Periods
[bookmark: _Toc87625989]Companies’ Observations and Proposals
	Nordic Semiconductor ASA
	Proposal-1: For eMTC and NB-IoT NTN, when switching from DL to UL, a guard period starts at subframe n +  – 1 – , where n is a subframe where UL transmission starts as per current specification, and  is timing advance rounded up to number of subframes. When switching from UL to DL, a guard period ends at subframe n +  + N + 1 – , where N is the length of the UL transmission, and  is timing advance rounded down to number of subframes.



[bookmark: _Toc87625990]UE-specific TA Handling
Issues needing study and discussion covered in company contributions include:
· The quantity to report with the following options under consideration:
FFS whether to down select including combining options
· [bookmark: _Hlk84601102]Signaling overhead
· Granularity of report
· Frequency of reporting
· [bookmark: _Hlk84607160]Means of reporting
[bookmark: _Toc87625991]Companies’ Observations and Proposals
	Huawei
	Observation 1: Either reporting UE-specific NTA, UE-specific or UE-specific full TA, the overhead are very large if they are applied for each reporting instance.
Observation 2: By reporting the UE location, the validity of UE-specific TA calculation in long UL transmission is not a concern as its value can be maintained by eNB.
Observation 3: The calculation latency of eNB is not a major issue, since the UE-specific TA is mainly used for scheduling where granularity is one slot.
Observation 4: For a stationary or low speed UE, calculating UE specific TA at the network side could save the signalling overhead and UE complexity.
Observation 5: For UE location reporting, a coarse indication is sufficient.
Proposal 1: For stationary or low speed UE, the UE reports a coarse location for calculation of UE specific TA at the eNB side.
Proposal 2: For IoT-NTN, differential indication with granularity of one slot is adopted for UE-specific K_offset update.
Proposal 3: For UE moving at high speed, a coarse location can be reported for UE-specific TA and a differential value with granularity of one slot can be reported for UE-specific TA update. 
Proposal 4: For UE-specific TA indication, support the combination reporting of a coarse location in Msg3 and differential TA compared to the last report.
Proposal 5: UE request TA reporting resources based on its speed to help eNB configure semi-static resource for differential TA reporting.


	Spreadtrum Communications
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite).
Proposal 2: The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.

	Mavenir
	Observation 1: In case of differential TA reporting any error in TA reporting would lead to error for the subsequent TA reports.
Observation 2: For indication of UE location, frequency of reporting would be less as compared to indication of UE-specific TA.
Observation 3: Indication of UE location is more energy efficient than indication of UE-specific TA.
Proposal 2: Reporting of UE location shall be supported in IoT NTN.

	MediaTek Inc.
	Observation 1: For LEO satellite, a typical in-coverage duration is in the order of 2 minutes [Eutelsat, R1-2106776], with LEO-1200 and LEO-600 the total number of updates for UE-specific K_offset can be about 7 and 15; For GEO, an update of UE-specific K_offset can be every 25.4 seconds.
Observation 2: The update of K_offset should be based on UE TA report.
Proposal 1: MAC CE is used to update K_offset with full UE specific K_offset value for LEO, MEO, and GEO.
Proposal 2: MAC CE for UE-specific TA report uses the full UE-specific TA for LEO, MEO, and GEO.
Observation 3: In Rel-15 NB-IoT specified UE differentiation feature in TS 36.413, the stationary indication is provided by the NB-IoT module vendor in Subscription Based UE Differentiation Information and is stored in UE context.
Proposal 3: NB-IoT NTN can re-use Rel-15 UE differentiation feature for indication of stationarity. 

	CATT
	Proposal 3: For UE_specific TA reporting, both event triggered and periodic methods should be supported.
Proposal 4: One threshold is used for TA report triggering.
Proposal 5: Reporting differential TA between current TA and previous TA is preferred.
Proposal 6: Using RRC signaling or MAC signaling to report TA can be supported.
Proposal 7: Utilize ms or subframe as the unit of reported TA.

	Qualcomm
	Proposal 7: A UE reports the UE-specific TA to the network when the previously reported value differs from a current value by a pre-determined threshold. 
Proposal 8: The UE-specific TA is reported in an uplink semi-persistent scheduling (UL-SPS) message, such as the one used for reporting buffer status reports (BSRs) in NB-IoT.
Proposal 9: The UE-specific TA report is self-contained, and not differential w.r.t a previous TA report or value.

	Nokia, Nokia Shanghai Bell
	Observation 1: The UE location report is already supported in RAN3 and utilized by RAN2 for NTN.
Proposal 1: As UE location reporting is already agreed and utilized in RAN2 and RAN3 for multiple purpose, UE location reporting should be specified for IoT NTN in Rel 17.
Proposal 2: At least reuse of UE location reporting can be used for determining UE-specific Timing Advance in half duplex deployments, which can be used by eNB scheduler to avoid UL-DL collisions. 
Observation 2: Reporting each UE specific Timing Advance change leads to higher uplink signalling load and power consumption, even for stationary UE, than location reporting.
Observation 3: for stationary UE, frequency of TA reporting will be much larger, e.g. 6-11 times in some cases, than for Location reporting.
Observation 4: for moving UE, frequency of TA reporting will also be much larger than location reporting, considering the relative slow speed of UE compared to the satellite. 
Observation 5: TA reporting may cause additional large UL resource utilization with UL repetitions, and also cause large power consumption and reduce resource efficiency.
Observation 6: repetition of TA reporting may be out-of-date and invalid as assistance for network.
Observation 7: Defining a TA reference, based on UE location, can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.
Proposal 3: if both location reporting and TA reporting are supported for IoT NT, network to decide which content to be reported by UE.


	OPPO
	Proposal 3: Support reporting UE specific TA or full-TA.
Proposal 4: Support UE requesting K offset update to the network in an event triggered manner.
Proposal 5: The granularity for reported information is slot.

	CMCC
	Proposal 4: For UE specific TA reporting, the contents of the report can be:
· A delay
· UE location
Proposal 5: For UE specific TA reporting, if a delay is included in the content, Option 5 is preferred.
· Option 5: UE full TA via Msg3 + differential full UE TA thereafter.
Proposal 6: For UE specific TA reporting, for the thereafter differential full TA report in Option 5, two options can be further studied,
· Option 5a: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5b: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.

	Xiaomi
	Proposal 2: At least for uplink scheduling adaptation, the exact content of UE reporting of information about the UE specific TA pre-compensation is UE specific TA and a differential indication is preferred.
Proposal 3: The granularity of the reported TA is subframe.

	Intel
	Proposal 1: 
Support reporting of series of values with differential encoding scheme for UE-specific TA reporting to decrease overhead

	Sony
	Proposal 4: For IoT NTN, the network may configure whether the UE should report its location or the UE-specific TA itself.

	ZTE
	Proposal-2: In case of segment pre-compensation, the TA value applied for the last segment should be used for reporting.

	Lenovo, Motorola Mobility
	Proposal 4: The contents of the TA report is a delay (UE specific TA, UE full TA, differential UE specific TA, differential full UE TA, etc)
Proposal 5: UE may report UE full TA or UE specific TA in the first TA reporting during initial access, and differential UE full TA or UE specific TA to the initial TA for the subsequent TA reporting if any.

	FGI, Asia Pacific Telecom, III, ITRI
	

	Ericsson
	Proposal 9: The mechanism for UE specific TA maintenance and reporting can follow the decision in NR_NTN_Solutions WI and reuse the agreements therein for IoT NTN with minimum changes if any.

Proposal 10: The granularity of the reported TA is 0.5ms.

Proposal 11: It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

	Apple
	Proposal 5: For UE specific TA reporting, UE initially reports its full TA and then reports its differential full TA hereafter.  
Proposal 6: The granularity of the reported TA is sub-frame. 
Proposal 7: Support at least event triggered TA reporting. 


	Nordic Semiconductor ASA
	Proposal-4: UE reports its UE-specific TA at least in MSG3 and eNB configures UE-specific  that is larger than total TA at least in MSG4. After initial access, UE reports its UE-specific TA when its estimated TA has changed from the previously reported value by a pre-determined threshold.
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	CMCC
	Proposal 7: Deprioritize further enhancement on WUS configuration.
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	Huawei
	Proposal 9: Set value range of the parameter CellSpecific_Koffset with 0~64 for LEO, 0~512 for MEO and 0~512 for GEO.
Proposal 10: Set value range of the parameter UESpecific_Koffset with 0~64 for LEO, 0~512 for MEO and 0~512 for GEO.



[bookmark: _Toc87625996]Referenced Documents
R1-2110809	Discussion on timing relationship enhancement for IoT in NTN	Huawei, HiSilicon
R1-2111049	Remaining issues on timing relationship enhancements for NB-IoT/eMTC over NTN										vivo
R1-2111118	Discussion on timing relationship enhancements for IOT NTN	Spreadtrum Communications
R1-2111173	Timing relationship enhancements				Mavenir
R1-2111183	Timing relationship enhancements for IoT NTN			NEC
R1-2111237	Timing relationship enhancement for IoT over NTN		CATT
R1-2111277	Timing relationship enhancements for NB-IoT/eMTC over NTN	Nokia,Nokia Shanghai Bell
R1-2111320	Discussion on timing relationship enhancements			OPPO
R1-2111374	Timing relationship enhancements for IoT NTN			MediaTek Inc.
R1-2111411	Remaining issues on timing relationship enhancements for IoT-NTN	Sony
R1-2111421	On timing relationship enhancements for IoT NTN		Ericsson
R1-2111452	Timing relationship enhancements				Qualcomm Incorporated
R1-2111524	Remaining issues on timing relationships for IoT NTN		Intel Corporation
R1-2111558	Discussion on the timing relationship enhancement for IoT NTN	Xiaomi
R1-2111634	Discussion on timing relationship enhancements for IoT NTN	CMCC
R1-2111663	Discussion on timing relationship for IoT-NTN			ZTE
R1-2111768	Timing relationship enhancements				Samsung
R1-2111905	Timing Relationship Enhancements in IoT NTN			Apple
R1-2112003	Timing Relationship for IoT NTN			Lenovo, Motorola Mobility
R1-2112331	Timing relationship enhancements			Nordic Semiconductor ASA

[bookmark: _Toc87625997]Appendix A
PDCCH Monitoring cases as described at RAN1#106bis-e
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-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,
-	[case 1: MTBG NPUSCH] 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 for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise [case 2: 2 NPUSCH HARQ processes scheduled] the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and
· [case 3: long single NPUSCH when MTBG or 2HARQ configured] 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. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	[case 4: single NPUSCH scheduled by DCI format N0 or RAR]if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1; 
-	otherwise, 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
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	[case 5: NPUSCH format 2 in response to DCI format N1] for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	[case 6: NPRACH in response to PDCCH order] for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
-	[case 7: NPUSCH with same HARQ process when 2 HARQ configured] the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
-	[case 8: subframes after NPUSCH processing] if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3. 
otherwise,


-	[case 9: subframes after NPUSCH carrying Msg3] If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1 to subframe n+3. 
If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	the UE is not required to monitor an NPDCCH candidate of an NPDCCH search space if the candidate ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5
otherwise
-	the UE is not required to monitor NPDCCH candidates of an NPDCCH search space if an NPDCCH candidate of the NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5. 
An NB-IoT UE is not required to monitor NPDCCH candidates of an NPDCCH search space during an NPUSCH UL gap.
An NB-IoT UE is not required to monitor NPDCCH candidates of a Type2A-NPDCCH common search space during the
 scheduling gap or the processing gap.
For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a narrowband random access preamble for SR ends on subframe n,
-	[case 10: NPRACH for SR for long NPRACH transmissions] in case of frame structure type 1 with NPRACH format 0 and 1 when the number of NPRACH repetitions is greater than or equal to 64, or NPRACH format 2 when the number of NPRACH repetitions is greater than or equal to 16, the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+40,
-	otherwise, [case 11: NPRACH for SR for short NPRACH transmissions] the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+3.
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