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1. Introduction
[bookmark: _Ref84837235][bookmark: _Toc85568933]In RAN1#106b-e [1], the agreement on handling K_offset for IoT-NTN was achieved. And it was agreed to further study the NPDCCH monitoring restrictions as described in section 16.6 of TS36.213.
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.
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
In this contribution, the remaining issues are further discussed, e.g., details on K_offset as well as K_mac, the content of reported TA for segments transmission. In addition, modification on the cases of NPDCCH monitoring restrictions is discussed.
1. K_offset handling
In RAN1#106-e [1], it was agreed to support the use of UE-specific K_offset in CONNECTED mode. And a UE-specific K_offset is supposed to refine the scheduling delay. Given the maximum differential RTT in the cell is 20.6 ms, 6.36 ms respectively for GEO and LEO 1200km. The reduced delay can be scaled up to the maximum values.
Regarding the mechanism on how to provide the UE-specific K_offset for GEO, MEO, LEO, a unified mechanism i.e. design a MAC CE to indicate the differential value is preferred, which is similar as NR-NTN. And that makes more sense to IoT-NTN considering the reduction of signaling overhead reduction and power consumption as well. 
More specifically, it seems unnecessary to provide following updates e.g., from an old UE-specific K_offset to a new UE-specific K_offset for GEO due to the slow change of TA drift. But the aforementioned mechanism can still be used to enable the update if necessary. While for the LEO case, given the satellite movement, the TA keeps shifting during the connection time, and it may increase or decrease based on the positions of satellite, UE, and Gateway. And the value of UE-specific K_offset should be equal or larger than the reported TA so that the parameter for e.g., UL scheduling is available. That means the old UE-specific K_offset needs to be adjusted to a larger value in respond to the increasing TA drift. Meanwhile, further benefit of delay can also be harvested if the old UE-specific K_offset is updated corresponding to the decreasing TA drift. 
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.
1. Remaining issue on TA reporting 
Regarding the generic framework for TA reporting, following agreement has been achieved in RAN2#105e. 
RAN2 assumes that TA information (FFS what) reporting by the UE on network enabling will be needed in IoT NTN. Expect RAN1 need to progress on this, and can maybe reuse NR NTN progress. FFS in which message this is provided.
In addition to the general procedure agreed in NR-NTN for TA reporting including the previous agreement to send the LS to let RAN2 make the decision on the detailed components for reporting, from RAN1 perspective, there is still one IoT-specific issue needed to be discussed. More specifically, since the segment pre-compensation is used for UL transmission, then, we need to conclude that which TA applied by the multiple segments should be reported. For example, the proper time pre-compensation should be applied for each part of the long transmission, and the value of applied TA for each segment may be different (e.g., sometimes, the multiple TAs cross a slot boundary). Then, the selection of TA value should be clarified because the value of ceiling (TTA) for different segments may be different. Thus, to simplify the specification, the TA applied for the latest segment can be used for rounding TA.
Proposal-2: In case of segment pre-compensation, the TA value applied for the last segment should be used for reporting.
1. PDCCH monitoring restriction
As agreed in RAN1#106b-e [1], whether or not change the specification on the PDCCH monitoring restriction for NB-IoT should be checked per case. Generally the proposed modified version for each case is provided in Appendix A. 
For NB-IoT, DL subframe n and UL subframe n are nearly aligned at UE side. So the DL/UL subframe is not explicitly defined in current specification as cited below. Meanwhile that doesn’t cause any timing ambiguity for NB-IoT. However, there is a large offset in the UE's DL and UL frame timing for NB-IoT over NTN, which needs to be taken into account when identify or conclude the issue of PDCCH monitoring restriction. Thus explicit UL subframe or DL subframe need to be clarified firstly for the related subframe numbering in current specification. For example, firstly it’s the common understanding that UE detects NPDCCH ending in DL subframe n. And NPUSCH format 1 is transmitted from UL subframe n+k. Then the statements of case 2 in the specification are cited as follow: 
“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 (DL) subframe n, and if the corresponding NPUSCH format 1 transmission starts from (UL subframe) n+k,
-	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 (DL) subframe starting from (UL) subframe n+1 to (UL) subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any (DL) subframe starting from (UL) subframe n+k-2 to (UL) subframe n+k-1; and
Moreover, the mechanism of constraint of 2ms interrupted DL subframes in which a UE will not monitor an NPDCCH candidate is determined from the reference point of UL subframe n+k where NPUSCH format 1 transmission starts based on the context above. More specifically, as shown in Figure 1, assume the UE detects the DCI scheduling information at DL subframe n and knows that the NPUSCH is to be transmitted from UL subframe n+k. Then, the UL subframe n+k-2 and UL subframe n+k-1 can be known by UE, which is actually corresponding to the same DL subframe numbering. And the UE can conduct the constraint of not monitoring an NPDCCH candidate within the corresponding DL subframe.
Based on the above clarification on DL/UL subframe numbering for case 2, further identification on whether modifying the specification as well as the mechanism on how to modify the specification in section 16.6 of TS 36.213 are discussed with follow 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 
[image: ]
[bookmark: _Ref4911]Figure 1 Illustration of case 2 in current specification (assume TA=0)
Based on the enhancement of time relationship for IoT-NTN, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in (DL) subframe n, NPUSCH format 1 transmission starts from (UL) subframe n+k+K_offset. Then if following text, i.e., “the UE is not required to monitor an NPDCCH candidate in any (DL) subframe starting from (UL) subframe n+k-2 to (UL) subframe n+k-1” was not changed, it would indicate that UE should not monitor an NPDCCH candidate from UL subframe n+k-2 to UL subframe n+k-1, which were not any more the 2ms right before the UL subframe n+k+K_offset where NPUSCH was transmited. Therefore, the change is needed for case 2. Moreover, addition K_offset should be added to modify the texts as Appendix A shown.
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Figure 2 PDCCH monitoring constraint (assume TA = 9.5 ms, k=2, K_offset = 12 ms)
For another case (e.g., case 3) as shown in Appendix A, the context is same as case 2, and the statements is as follows: 
“the UE does not expect to receive a DCI Format N0 before (DL) subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than (UL) subframe n+k+255+K_offset if the corresponding NPDCCH with DCI format N0 schedules one transport block.”
Given the wording above, the subframe n+k-2 is considered as DL subframe, and DCI Format N0 may be received before that DL subframe. However, as we’ve explained with Figure 1, a UE is assumed to get the scheduling information such as time resource as UL subframe n+k, then corresponding DL subframe can be found. In this regard, a corresponding DL subframe numbering should be derived with the consideration of TA impact in IoT-NTN case. For example, As shown in Figure 2, UL subframe n+k+K_offset (the yellow block) is corresponding to DL subframe n+k+K_offset-n_TA (in red).
Therefore, the change is needed for case 3. And addition ‘K_offset-TA’ should be added to modify the texts as shown in Appendix A. Moreover, similar logic as well as similar modification is also applied for case 5. 
Besides, for case 1 and case 4, the entire scheduling gap, i.e., the time between the receiving DCI and NPUSCH transmission is not allowed for monitoring DCI in legacy specification. In our view, there is no intention to reduce the time gap. Moreover, if a proper K_offset is configured by the eNB, then the restriction time gap between (DL) subframe n+1 to (DL) subframe n+k-1+K_offset-n_TA is basically same as legacy rules, especially the legacy UE’s behaviour can be kept. Thus similar modification in case 3 can be applied for case 1/4 as well.  
As to the details of option 2, i.e., additional offset as‘K_offset - n_TA’ is introduced from DL subframe numbering perspective. The parameter of “n_TA” needs further discussion. In our view, n_TA = ceiling(TTA), wherein TTA is the reported TA. But there may be some problems if the reported TA is not received or outdated, for example, for case 6/10/11 in Appendix A, value TA can’t be ensured for a UE in case of PDCCH order NPRACH and NPRACH for SR as well. Therefore, Option 1 is preferred because of the robustness to uncertainty from TA reporting for case 6/10/11 as Appendix A shown.
In addition, for case 7/8/9, given the context at the beginning, i.e.,“UE has a NPUSCH transmission ending in (UL) subframe n” is also used for IoT-NTN cases, and only UL subframe numbering is mentioned, thus there is no necessity to change the statements as Appendix A shown. 
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 
1. Cell specific K_mac
When the reference point(RP) is located at serving satellite, K_mac (RP-eNB RTT) is not equal to 0. And based on previous agreements, signalling of K_mac can be used for following time relationships: 
· Start of Msg2 RAR window
· Start or restart to monitor the NPDCCH/MPDCCH for PUR
For the unit and value range of K_mac, similar analysis as in NR-NTN can be checked for reuse, e.g., a same value range as (0~511) for K_mac can be used for GEO, MEO, LEO scenarios. 
Proposal-4: One value range of K_mac as (0~511) should be supported for GEO, MEO, LEO scenarios. 
1. Conclusions
In this contribution, discussion on K_offset/K_mac handling and PDCCH monitoring restriction are conducted, with following proposals: 
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.
Proposal-2: In case of segment pre-compensation, the TA value applied for the last segment should be used for reporting.
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. 
[bookmark: _GoBack]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 
Proposal-4: One value range of K_mac as (0~511) should be supported for GEO, MEO, LEO scenarios.
References
[1] [bookmark: _Ref54300673][bookmark: _Ref40282619]Chair’s notes RAN1#106-e final.
[2] Chair’s notes RAN1#106b-e final.
[3] R1-2109848 Discussion on timing relationship for IoT-NTN, ZTE.
[4] R1-2111658, Remaining issues on timing relationship for NR-NTN, ZTE.
[5] TS 36.213 (E-UTRA); Physical layer procedures.
[6] R1-2110534, AI8_15_2_FL Summary IoT NTN Timing Relationships, Sony.
Appendix A
	Case index
	Identification and mechanisms for modification
	Potential modification on TS36.213 section 16.6

	Case 1
	Need to change.
Option 2
	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 (DL) subframe n, and if the corresponding NPUSCH format 1 transmission starts from (UL) subframe 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 (DL) subframe starting from (DL) subframe n+1 to (DL) subframe n+k-1+K_offset-n_TA,otherwise; and 

	Case 2
	Need to change.
Option 1
	the UE is not required to monitor an NPDCCH candidate in any (DL) subframe starting from (UL) subframe n+k-2+K_offset to (UL) subframe n+k-1+K_offset ; and

	Case 3
	Need to change.
Option 2
	· the UE does not expect to receive a DCI Format N0 before (DL) subframe n+k-2+K_offset-n_TA for which the corresponding NPUSCH format 1 transmission ends later than (UL) subframe n+k+255+K_offset if the corresponding NPDCCH with DCI format N0 schedules one transport block. 

	Case 4
	Need to change.
Option 2
	otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in (DL) subframe n or receives a NPDSCH carrying a random access response grant ending in (DL) subframe n, and if the corresponding NPUSCH format 1 transmission starts from (UL) n+k+K_offset, the UE is not required to monitor NPDCCH in any (DL) subframe starting from (DL) subframe n+1 to (DL) subframe n+k-1+K_offset-n_TA. 

	Case 5
	Need to change.
Option 2
	If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in (DL) subframe n, and if the corresponding NPDSCH transmission starts from (DL) n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from (UL) subframe n+m+K_offset the UE is not required to monitor NPDCCH in any (DL) subframe starting from (DL) subframe n+k to (DL) subframe n+m-1+K_offset-n_TA. 

	Case 6
	Need to change.
Option 1
	If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in (DL) subframe n, and 
-	for FDD, if the corresponding NPRACH transmission starts from (DL) subframe n+k, the UE is not required to monitor NPDCCH in any (DL) subframe starting from (UL) subframe n+1+K_offset to (UL) subframe n+k-1+K_offset. 

	case 7
	Not need to change

	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in (UL) 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
-	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 (DL) subframe starting from (UL) subframe n+1 to (UL) subframe n+3;

	case 8
	Not need to change
	
else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
-	if the NB-IoT UE has a NPUSCH transmission ending in (UL) subframe n , the UE is not required to monitor NPDCCH in any (DL) subframe starting from (UL) subframe n+1 to (UL) subframe n+3. 

	case 9
	Not need to change
	otherwise,


-	If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in (UL) subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in (UL) subframe n, the UE is not required to monitor NPDCCH in any (DL) subframe starting from (UL) subframe n'+1 to (UL) subframe n+3. 

	case 10
	Need to change.
Option 1
	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 (UL) subframe n,
-	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 (UL) subframe n+K_offset to (UL) subframe n+40+K_offset,

	case 11
	Need to change.
Option 1
	-	otherwise, the UE is not required to monitor NPDCCH UE-specific search space from (UL) subframe n+K_offset to (UL) subframe n+3+K_offset.
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