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1. Introduction
In RAN1#104e meeting, issues related to the time relationship were collected in the FL summary [1], and following agreements were made [2]. 
Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships
Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships
Agreement: 
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 
Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.
In this contribution, analysis on the necessity of enhancement for each timing relationship of current NB-IoT/eMTC including potential solutions are elaborated and impact of large RTD (e.g. large TA) on HD-FDD UE are also discussed.
1. Timing relationships enhancement
1. 
1. 
1. 
As mentioned by in the agreements above, per case study on the potential impacts for the time relationship is needed. According to the existing specification, the terrestrial NB-IoT/eMTC timing relationships can be characterized as following categories:
· Indication based
In this way, for example, the indicator signaling, e.g., scheduling delay field (IDelay) can indicate the timing offset with a value range to some extent, along with recognizing this feature, if this signaling can be reused, probably a lot of normative work can be saved. 
· Implementation restriction based
In this way, for example, for the timing advance command activation in NB-IoT, it applies from the first available uplink slot following the end of n+12 DL subframe that makes it possible to have little change to the spec, if just achieve the available time resource via implementation.
Observation 1: Terrestrial NB-IoT/eMTC timing relationships can be characterized to different categories.
2.1 Impacts of large RTD on HD-FDD UE
In IoT over NTN, similar as NR-NTN, the legacy timing relationship for DL-UL interaction defined for terrestrial network can also not hold due to large RTD/TA effect. More importantly, if the UE is usually a half-duplex FDD UE, it can’t receive and transmit simultaneously. However, for UL scheduling, the scheduling resource may happen to collide with a DL slot because the eNB does not have knowledge of TA value executed by UE before the scheduling. On the other hand, if assuming eNB knows the TA value in advance, e.g., via TA report convey in (N)PUSCH, from eNB perspective, the UL resource can be arranged based on the TA information, and then coordination between DL scheduling and UL scheduling can be conducted, without DL-UL collision at UE side.
In respond to compensating the coupling loss of extreme coverage, up to 128 NPUSCH repetition transmission can be configured in legacy NB-IoT, however, as also elaborated in [3], segment pre-compensation may be needed for such long duration transmission in NTN. In order to maintain the repetition gain, proper time pre-compensation should be processed for each part of the long transmission, which corresponding to different accurate TA values for each segment. W.r.t TA report in this case, either the first or last TA value applied for corresponding (N)PUSCH segments can be reported.
Proposal-1: Scheduling on HD-FDD UE without DL-UL collision should be studied by assuming large RTD needs;
Proposal-2: For enhancing the time relationship, the TA report is needed.
Proposal-3: In case of segment pre-compensation, the value of reported TA can be either the first or last TA values applied at corresponding segment.
2.2 Potential solutions applied in NB-IoT/eMTC over NTN
[bookmark: _GoBack]In this section, potential solutions are discussed in terms of mentioned impact of large RTD on HD-FDD UE, and following two alternative is defined:
Alt-1: Solution based on additional signaling on K_offset
For Msg 3 scheduling, in responding to impacts of large RTD on HD-FDD UE, similar as NR-NTN, additional signaling on K_offset can be considered, in additional, in order to prevent the UL slot from overlapping with the DL slot, the eNB may configure an adequate K_offset so that DL RAR receiving not overlap with the Msg 3 transmission.
For some cases after initial access, e.g., as shown in Figure 1, assuming received NPDCCH ended in slot n, with assistance of reported TA, the available UL resource, which may be the slot n+k+K_offset or after slot n+k+K_offset. (Note for NPUSCH repetition, the available UL slot is the first slot of NPUSCH). In that way, even a large TA is executed, the UE DL-UL timing interaction still hold. At the same time, the available resource scheduled by eNB can ensure no DL-UL collision at UE side happens, otherwise, the eNB may adjust DL scheduling or defer the UL scheduling time resource. 
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[bookmark: _Ref17206]Figure 1 eNB schedules the available UL resource
Proposal-4: Study solution based on reusing K_offset for timing relationship enhancements for IoT over NTN.
More specifically, for Msg 3 scheduling, the configuration on the parameter of offset basically includes following options:
· cell/beam specific signaling
· preconfigure the value of offset
For update/ connected mode, as analyzed in section 2.1, the TA report from UE is needed for the reconfiguration of offset, and following options can be studied based on the assistance of reported TA.
· implicitly determined
· UE-specific/UE group specific signaling
In short, if similar configuration solutions as in ongoing NR-NTN are considered for IoT-NTN, the spec impact may also be similar. The granularity of value of K_offset need further investigation considering both scheduling flexibility and signaling overhead (if signaling exist).
Proposal-5: For Msg 3 scheduling, the configuration on the parameter of offset considering following options:
· cell/beam specific signaling
· preconfigure the value of offset
Proposal-6: For update configuration of offset, following options can be studied based on the assistance of reported TA: 
· implicitly determined
· UE-specific/UE group specific signaling
Alt-2: Solution based on reusing legacy signaling
As discussed at the beginning, given existing indicator signaling for timing, e.g. the bit field of Idelay in DCI format N0, actually a straightly solution is to reuse legacy timing indication mechanism. For example, assuming received NPDCCH ended in slot n, the existing value of k can be enlarged to address the impact of large TA. Meanwhile, given the legacy signaling, a UE can assume transmit the NPUSCH in available UL resource after slot n+k, so that no DL-UL collision happens. 
Proposal-7: Study solution based on reusing legacy signaling for timing relationship enhancements for IoT over NTN. 
Comparing with signaling an additional offset, reusing existing signaling mechanism can save signaling overhead. From the spec impact perspective, it may be small and it depends on the determination of the value. For example, for Msg 3 scheduling, [extended k] = k+ceiling(RTD). And for other cases, new table including the specific value for NTN can be considered.
Specifically, the value indicated in the table can be as, [extended k] = k+f(TA), that means the value is determined according to a function of a reported TA which have been discussed above. And for example, the function may just conduct conversion of unit of the reported TA.
Proposal-8: For legacy signaling based solution, the value of k can be studied based on the assistance of reported TA. 
Then as showed in following Table 1,each of the mentioned timing relationships of NB-IoT in section 1 is discussed, including clarification of whether need to enlarging the scheduling offset, and also applicable solution alternatives.
[bookmark: _Ref11958]Table 1 timing relationship enhancement for NB-IoT over NTN
	
	Time relationships
	whether enlarging the scheduling offset 
	Solution alternatives

	1
	RAR grant to NPUSCH format 1 
	Yes
	Alt 1: UE transmits in the available UL resource based on reusing K_offset.
Alt 2: UE transmits in the available UL resource based on reusing legacy signaling

	2
	NPDCCH to NPUSCH format 1
	
	

	3
	NPDSCH to HARQ-ACK on NPUSCH format 2 
	
	

	4
	NPDCCH order to NPRACH
	Yes 
	No modification is needed (implicitly handle by available resource)


As to the NPDCCH order to NPRACH, from eNB perspective, available UL resource is allocated which in fact has taken the value of K_offset into account, so based on current spec, it seems no modification is needed.
Proposal-9: For RAR grant to NPUSCH format 1, NPDCCH to NPUSCH format 1, NPDSCH to HARQ-ACK on NPUSCH format 2, the following enhancements can be considered:  
· Alt 1: UE transmits in the available UL resource based on additional signaling on K_offset.
· Alt 2: UE transmits in the available UL resource based on reusing legacy signaling.
Similar to NB-IoT, as showed in following Table 2 each of the mentioned timing relationships of eMTC in section 1 is discussed. 
[bookmark: _Ref16601]Table 2 timing relationship enhancement for eMTC over NTN
	
	Time relationships
	whether enlarging the scheduling offset 
	Solution alternatives

	1
	MPDCCH to PUSCH
	Yes
	Alt 1: UE transmits in the available UL resource based on reusing K_offset.

	2

	RAR grant to PUSCH
	Yes
	Alt 1: UE transmits in the available UL resource based on reusing K_offset.
Alt 2: UE transmits in the available UL resource based on reusing legacy signaling
Or, no modification is needed (implicitly handle by available resource)

	3
	PDCCH order to PRACH
	Yes
	No modification is needed (implicitly handle by available resource)

	4
	CSI reference resource timing
	Yes
	Alt 1: UE transmits in the available UL resource based on reusing K_offset.

	5
	MPDCCH to aperiodic SRS
	
	

	6
	PDSCH to HARQ-ACK on PUCCH
	Yes
	Alt 1: UE transmits in the available UL resource based on reusing K_offset.
Alt 2: UE transmits in the available UL resource based on reusing legacy signaling


Proposal-10: In eMTC over NTN, for RAR grant to PUSCH, PDSCH to HARQ-ACK on PUCCH, the following enhancements can be considered:  
· Alt 1: UE transmits in the available UL resource based on additional signaling on K_offset.
· Alt 2: UE transmits in the available UL resource based on reusing legacy signaling.
Proposal-11: In NB-IoT/eMTC over NTN, for PDCCH order to PRACH, no modification is needed.
1. MAC CE activation 
As discussed in section 2, the time relationships of the MAC CE activation on timing advance command for both NB-IoT and eMTC over NTN scenario, are identified for enhancement. 
Specifically, for NB-IoT, it indicates that the UE shall apply the MAC CE from the first available NB-IoT uplink slot following the end of n+12 DL subframe. While for eMTC, it indicates the MAC CE applies in subframe n+6. According to these descriptions, it seems not related to whether DL-UL frame timing aligned at eNB or not, and corresponding enhancements just need to handle the impact of large RTD and HD-FDD UE.
For NB cat. 1/cat. 2 UE or BL/CE UE, no other MAC CE needing activation/de-activation a configuration is identified. If exist other MAC CE activation, the timing relationship can be further discussed.
Proposal-12: For MAC CE activation, discuss timing advance command activation firstly. 
1. Impact on PDCCH monitoring occasion
In RAN1#104e meeting, this issue has been discussed. In this section, we further clarify on the necessity of changes on PDCCH monitoring occasion. Apart from potential benefit mentioned before such as avoid UL-DL collisions in HD-FDD, power saving [1], a basic maintenance of NPDCCH monitoring constraint in the spec is needed, because the corresponding timing relationship of NPDCCH scheduling was changed. And then an example of modification is given as follows:
If offset is introduced into timing relationship of NPUSCH format 1 scheduling, in order to keep consistent with current constraint, like “After receiving one UL grant, NB-IoT UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms before the start of the first NPUSCH format 1”. Then offset should be introduced to corresponding sentence in the spec, such as “the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2+offset to subframe n+k-1 +offset.” Where the subframe n+k-2+offset, subframe n+k-1+offset is interpreted as UE UL subframe #.
However, for enhancements based on reusing legacy signaling, above impact may not exist, given the clarification current subframe n+k is interpreted as UL subframe #.
Proposal-13: Study impact on PDCCH monitoring occasion, when the timing relationship of NPDCCH scheduling was changed.
1. Conclusions
In this contribution, discussion on iimpacts of large RTD on HD-FDD UE is conducted, and two potential solutions applied in NB-IoT/eMTC over NTN are proposed, with following proposals: 
Observation-1: Terrestrial NB-IoT/eMTC timing relationships can be characterized to different categories.
Proposal-1: Scheduling on HD-FDD UE without DL-UL collision should be studied by assuming large RTD needs;
Proposal-2: For enhancing the time relationship, the TA report is needed.
Proposal-3: In case of segment pre-compensation, the value of reported TA can be either the first or last TA values applied at corresponding segment.
Proposal-4: Study solution based on reusing K_offset for timing relationship enhancements for IoT over NTN.
Proposal-5: For Msg 3 scheduling, the configuration on the parameter of offset considering following options:
· cell/beam specific signaling
· preconfigure the value of offset
Proposal-6: For update configuration of offset, following options can be studied based on the assistance of reported TA: 
· implicitly determined
· UE-specific/UE group specific signaling
Proposal-7: Study solution based on reusing legacy signaling for timing relationship enhancements for IoT over NTN.
Proposal-8: For legacy signaling based solution, the value of k can be studied based on the assistance of reported TA. 
Proposal-9: For RAR grant to NPUSCH format 1, NPDCCH to NPUSCH format 1, NPDSCH to HARQ-ACK on NPUSCH format 2, the following enhancements can be considered:  
· Alt 1: UE transmits in the available UL resource based on additional signaling on K_offset.
· Alt 2: UE transmits in the available UL resource based on reusing legacy signaling.
Proposal-10: In eMTC over NTN, for RAR grant to PUSCH, PDSCH to HARQ-ACK on PUCCH, the following enhancements can be considered:  
· Alt 1: UE transmits in the available UL resource based on additional signaling on K_offset.
· Alt 2: UE transmits in the available UL resource based on reusing legacy signaling.

Proposal-11: In NB-IoT/eMTC over NTN, for PDCCH order to PRACH, no modification is needed.
Proposal-12: For MAC CE activation, discuss timing advance command activation firstly. 
Proposal-13: Study impact on PDCCH monitoring occasion, when the timing relationship of NPDCCH scheduling was changed.
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