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1 Introduction
In RAN#107-e [1], there are some pending issues for IoT NTN. In this contribution, we provide our perspectives. 
2 Discussion 
2.1 Restrictions on NPDCCH monitoring
[bookmark: OLE_LINK3][bookmark: OLE_LINK5]In RAN #106bis-e, restrictions on NPDCCH monitoring were discussed and the agreement was made on which timing relationships that needed to be enhanced.
	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 RAN #107-e, the opinions put forward by various companies failed to reach a complete agreement on this issue, and the following agreement was finally obtained.
	[bookmark: _Hlk88128707]Leave it to spec editor to formulate in the specs the NPDCCH monitoring restrictions for Cases 1 to 6. 

Explanatory Note for editor
When the UE changes from receiving on the DL to transmitting on the UL (or vice versa), immediately before/after the DL/UL switch the UE is not required to monitor an NPDCCH candidate in some DL subframes. The designation of these subframes in the spec needs to take the “effect” of the TA into consideration. There may be multiple ways to capture this in the specifications for (at least) Cases 1 to 6. Two options (in principle) are described below, to guide the spec editor to capture this as best he/she sees it. Examples of where the changes may apply for cases 1 to 6 can be found as examples in appendix A in R1-2112554.

[bookmark: OLE_LINK4]Option 1: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of downlink subframe timing. This would typically involve inserting a “-TA” term in their indexing.
 
Option 2: The DL subframes during which the UE is not required to monitor an NPDCCH candidate are described in terms of uplink subframe timing using the indexing of the UL subframes that coincide in time with the DL subframes in question.



Taking case 1 as an example:
	[bookmark: _Hlk95218467]Spec 36.213
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,
-	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 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



For Option 1:
The eNB and UE have not taken into account of Koffset and TA in the indexing of subframe n. The eNB schedules the NPUSCH to start in DL subframe n+k. In this case, the NPUSCH will actually be transmitted with starting subframe n+k -TA. Therefore, the DL subframes during which the UE is not required to monitor an NPDCCH candidate need to be modified as depicted in Fig.1.


Fig.1 No NPDCCH monitor for case 1 with Option 1
For Option 2:
· [bookmark: _Hlk86622801]The eNB and UE have already taken into account of Koffset and TA in arriving at the index of subframe n. The eNB schedules the NPUSCH to start in UL subframe n+k, where the ‘k’ variable is a generic subframe index corresponding to “k0+ K_offset –TA”. In this case, we do not need to update the specification as depicted in Fig.2.


Fig.2 No NPDCCH monitor for case 1 with Option 2

Based on the description in Pseudo CR [6], the perspective of the spec editor is taking Option 2 in the conclusion for Pseudo CR 36.213. However, considering that the spec has been to write DL monitoring in terms of DL subframe indices, it’s easily confusing. Moreover, the search space for NPDCCH is DL configuration, it’s better to describe NPDCCH monitoring timing in DL subframes. To make the issues easier to be understood. We think Option 1 is better. 
Proposal 1: It is preferable to utilize Option 1 for cases 1-6 in spec editing.

[bookmark: OLE_LINK34]When Option 1 is applied, TA may be a non-integer. Hence, it is necessary to convert TA into an integer for subframes. For case 2, when the eNB is configured with the corresponding uplink scheduling timing of n+k, UE applies TA, the UE transmission timing is fixed as n+k-TA, which is assumed to be subframe t. If  is used in the spec, where a gap between the no PDCCH monitoring window and t. If  is used in the spec, the period of the no PDCCH monitoring window may exceed t, which may lead to the problem that the restricted subframes is less than 2 subframes before the UL transmission. Therefore,  is recommended as depicted in Fig.3.


Fig.3 no PDCCH monitoring window for different integer TA

Proposal 2: Utilize  in spec editing of NPDCCH monitoring Restrictions. 
Proposal 3: Agree on the updated Pseudo CRs to TS 36.213 Section 16.6 in the Appendix A.

2.1 Pseudo CRs
CR 36.213
Based on the agreement in RAN1 106e:
	Agreement:
For IoT NTN, support cell-specific Koffset configuration for use during initial access.
Agreement:
For IoT NTN, support the use of UE-specific Koffset in CONNECTED mode.



There is the agreement in NR NTN that cell-specific Koffset is used in PDCCH ordered PRACH. For eMTC in Pseudo CR, cell-specific Koffset is utilized. Referring to above, for PDCCH ordered PRACH in NB-IoT NTN, cell-specific Koffset should be used.
Proposal 4: Utilize only cell-specific Koffset in PDCCH ordered PRACH of NB-IoT NTN.

There are some agreements on the RAR window offset:
	Conclusion(RAN1 106e):
For IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT.

Agreement(NR NTN RAN1 106e ):
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .



In the Pseudo CR of 36.321 [7], the following is included:
	If the UE is a BL UE or a UE in enhanced coverage:
-     if the random access preamble was transmitted in a non-terrestrial network:
-     RA Response window starts at the subframe that contains the end of the last preamble repetition plus 3 + UE-eNB RTT subframes, as specified in TS 36.2XX [6] clause X.X and has length ra-ResponseWindowSize for the corresponding enhanced coverage level;
If the UE is an NB-IoT UE:
- if the random access preamble was transmitted in a non-terrestrial network:
- RA Response window starts at the subframe that contains the end of the last preamble repetition plus X + UE-eNB RTT subframes, as specified in TS 36.2XX [6] clause X.X



Based on above, it is necessary to capture UE-eNB RTT in RAN1’s CR with the UE-eNB RTT provided in an integer number of subframes to align with RAN2 agreement. We have preference for using floor function as UE-gNB RTT = floor(UE’s TA + K_mac), where K_mac is in unit of 1 ms.
 
Proposal 5: Capture UE-eNB RTT in RAN1’s CR 36.213 Section 6.1, 16.3.1 with UE-eNB RTT provided in an integer number of subframes as UE-eNB RTT = floor(UE’s TA + K_mac) subframes.
Proposal 6: Agree on the updated Pseudo CRs to TS 36.213 Sections 16.3.2 to utilize only cell-specific Koffset in PDCCH ordered PRACH of NB-IoT NTN in the Appendix B.
3 Conclusion
In this contribution, we discuss PDCCH monitoring restrictions for NB-IoT and eMTC over NTN. The following proposals are presented:
Proposal 1: It is preferable to utilize Option 1 for cases 1-6 in spec editing.
Proposal 2: Utilize  in spec editing of NPDCCH monitoring Restrictions.
Proposal 3: Agree on the updated Pseudo CRs to TS 36.213 Section 16.6 in the Appendix A.
Proposal 4: Utilize only cell-specific Koffset in PDCCH ordered PRACH of NB-IoT NTN.
Proposal 5: Capture UE-eNB RTT in RAN1’s CR 36.213 Section 6.1, 16.3.1 with UE-eNB RTT provided in an integer number of subframes as UE-eNB RTT = floor(UE’s TA + K_mac) subframes.
Proposal 6: Agree on the updated Pseudo CRs to TS 36.213 Sections 16.3.2 to utilize only cell-specific Koffset in PDCCH ordered PRACH of NB-IoT NTN in the Appendix B.
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5 Appendix A
Proposed the updated Pseudo CRs to TS 36.213 for LTE NB-IoT / eMTC over NTN.

	TS 36.213 Section 16.6 Narrowband physical downlink control channel related procedures 
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,
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]-	[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-S(TA)-1, where S(TA) equals to floor(TA); 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-S(TA)-2 to subframe n+k-S(TA)-1, where S(TA) qeuals to ; 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-S(TA)-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k-S(TA)+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block, where S(TA) equals to. 
-	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-S(TA)-1, where S(TA) equals to . 
-	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-S(TA)-1, where S(TA) qeuals to . 
-	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-S(TA)-1, where S(TA) qeuals to . 
-	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.



6 Appendix B
Proposed the updated Pseudo CRs to TS 36.213 for LTE NB-IoT/ eMTC over NTN.

	
36.213 Section 16.3.2

[bookmark: _Hlk89044668]In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe , , where a NPRACH resource is available. 

36.213 Section 6.1
-     For BL/CE UEs, detection of a MPDCCH with DCI scrambled by RA-RNTI is attempted during a window controlled by higher layers (see [8], Clause 5.1.4), where UE-eNB RTT is calculated as floor() subframes, where  is specified in [TS 36.211, Clause 8.1] and  is provided by K-Mac in unit of 1 ms or  if K-Mac is not provided. If detected, the corresponding DL-SCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the physical layer, which is processed according to Clause 6.2.

36.213 section 16.3.1
-     Detection of a NPDCCH with DCI scrambled by RA-RNTI is attempted during a window controlled by higher layers (see [8], Clause 5.1.4)., where UE-eNB RTT is calculated as  subframes, where TTA specified in [TS 36.211, Clause 8.1] and  is provided by K-Mac in unit of 1 ms or  if K-Mac is not provided. If detected, the corresponding DL-SCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the physical layer, which is processed according to Clause 16.3.3.
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