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1. Introduction
In RAN1 #103-e meeting, no discussion was officially organized on this topic [1]. In this contribution, the timing relationships in NB-IoT and eMTC are discussed with further consideration on the potential enhancements including solutions achieved in NR-NTN. Additional, a related issue on timing of PDCCH monitoring for HD-FDD UE is discussed.
1. Timing relationship 
1. 
1. 
1. 
2. Timing relationship in NB-IoT and eMTC
In NR, a lot of timing relationships [1][2], e.g., timing for reporting ACK/NACK and timing for scheduling PUSCH/msg3 were identified. Similarly, given the same character of long RTD in IoT-NTN scenario [1], study for the corresponding cases should be also be considered for NB-IoT and eMTC scenario. However, additional consideration on the IoT specific impact should also be well investigated. More specifically:
· For IoT-NTN: 
As listed in Table 1, the timing relationships in NB-IoT and corresponding value range of time offset are given.
[bookmark: _Ref61352291]Table 1 Timing relationships in NB-IoT
	Row
index
	Timing relationship description
	Value of time offset (FDD)
(ms)
	Value of time offset (TDD)
(ms or subframe)

	1
	Timing offset for reporting ACK/NACK on NPUSCH
	12,20 if SCS is 3.75kHz, 12,14,16,17 if SCS is 15kHz
	The value is k on the top of 12 subframe, and
k is 0,8 UL subframe for SCS=3.75kHz,
k is 0,2,4,5 UL subframe for SCS=15kHz

	2
	Timing offset for DCI scheduled NPUSCH
	8,16,32,64
	The value is k on the top of 8 subframe, and
k is 0,8,16,32 UL subframe

	3
	Timing offset for RAR grant scheduled NPUSCH
(Also can be configured with additional Scheduling delay field () in RAR)
	12,16,32,64
	The value is k on the top of 8 subframe, and
k is 4,8,16,32 UL subframe

	4
	start of Msg2 RAR window
	4,41
	4

	5
	PDCCH order PRACH
	the value is k ≥ 8
	

	6
	Applying time of timing advance command
	12
	

	7
	start of monitoring PUR response window
	4
	


It can be observed that different values of time offset along with corresponding assumption can be configured in various cases, e.g. the value range is from 0 to 64. More specifically, the value can be either indicated via DCI or a fixed value in some other cases. For example, w.r.t the Msg-3 scheduling, in order to handle the impact of large TA, from implementation perspective, additional scheduling delay field can be configured by BS without additional signalling of K_offset before the initial access. Moreover, for some TDD cases, we can see a reference value is configured firstly and another value e.g. k is configured on the top of the reference value (e.g. 12 or 8). For example, w.r.t timing offset for DCI scheduled NPUSCH, the reference value is 8, and then another value e.g. 0, 8, 16, 32 is added to identify the final available resource for transmission. Then, the corresponding impacts for larger TA in NTN can be absorbed by this reference value. 
W.r.t the start of Msg2 RAR window, the same issue as discussed in [3] should be clarified. Timing of start of Msg2 RAR window is 4 or 41 subframe from the end of the last preamble transmission. It should be noted the preamble is always transmitted in the actual timing according to the spec. However, in the NTN case, pre-compensation is assumed, thus large TA is executed for preamble transmission. That leads to a large time shift e.g. RTD, between the UE DL timing frame and UE UL timing frame. And the ending time of the RAR window may not exceed the RTD. It will result in PDCCH monitoring failure. Therefore, a larger offset may be needed for the start of Msg2 RAR window if the offset value of 4 or 41 can’t meet the requirement.
Then for the NTN network based on NB-IoT, following the logic of maintaining the involved DL-UL timing interaction when large TA is executed, the needs for introduction of additional K_offset for each cases should be well investigated with the consideration of current value range.  
Observation 1: In some cases, e.g., Msg-3 transmission and TDD, the introduction of K_offset may not be needed for NB-IoT.
Observation 2: For the start of Msg2 RAR window, eNB should assume pre-compensation on preamble transmission in IoT-NTN.
· For eMTC
As Table 2 shown, the timing relationship and corresponding value range of time offset is given.
Table 2 Timing relationships in eMTC
	Row 
index
	Timing relationship description
	Value of time offset (FDD)
(ms)

	1
	Timing offset for reporting ACK/NACK on MPUCCH
	4,5,6,7,8,9,10,11,13,15,17

	2
	Timing offset for DCI scheduled PUSCH
	4

	3
	Timing offset for RAR grant scheduled PUSCH 
(Also can be configured with UL delay in RAR grant)
	For CEmodeA, 
PUSCH is transmitted in next available UL subframe after n+k1+Δ, if UL delay field is set to 1,
The value is k1, if UL delay field is set to 0,
DL-SCH transport block reception ending in subframe n, and Δ is the number of Msg3 PUSCH repetitions, e.g. 2. k1≥6.

	4
	start of Msg2 RAR window
	3

	5
	PDCCH order PRACH
	the value is k2 ≥ 6

	6
	Applying time of timing advance command 
	6

	7
	start of monitoring PUR response window
	4


Similar as the NB-IoT, there is also some additional assumptions for the application of timing offset. For example, for the timing for RAR grant scheduled PUSCH, if the UL delay field is configured to ‘1’ for UEs in CEmodeA, it ensures PUSCH is transmitted in an available UL subframe. And for TDD serving cell, value of time offset is based on the UL/DL configuration indicated by higher layers, which is a fixed value in most cases. 
[bookmark: _GoBack]Additional, others timing relationship, e.g. timing of aperiodic SRS or CSI-RS related timing relationships may be further checked if necessary.
Observation 3: Similar to NB-IoT, for eMTC different values of time offset can be configured in various timing relationships, whether enhanced or not should take the value range into account.
Proposal 1: The reuse of NR-NTN conclusion for NB-IoT/eMTC on timing relationship should be checked per case.
2. Timing of monitoring NPDCCH for Half duplex-FDD UE
In the specification on NB-IoT, there is constraint for UE monitoring NPDCCH in a period of time [4]. For example, assume a UE detects NPDCCH with DCI Format N0 ending in subframe n, and the NPUSCH format 1 transmission starts from subframe n+k. The UE may be not required to monitor an NPDCCH candidate from subframe n+1 to subframe n+k-1.
In above case, the UE is not required to monitor a PDCCH during the whole scheduling delay e.g. the value of k. However, if the K_offset is introduced in the time relationship case due to the long RTD in NTN network, then the limitation in the spec may be modified accordingly as follows:   
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.
Because the limit can make sure avoiding the potential collision between the UL transmission (with unknown TA) and DL receiving (e.g. receiving NPDCCH) as Figure 1 depicted.
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[bookmark: _Ref24860]Figure 1 No collision between UL transmission and DL receiving during the scheduling offset
On the other hand, if the TA is known at both BS side and UE side, or the TA does not exceed a boundary as Figure 2 shown, the collision can also be avoided. Meanwhile an extra piece of time resource donated as ‘X’ in the figure may be exploited if the constraint was relaxed. So another kind of spec modification accordingly may be as follows:
The UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+Koffset-TA to subframe n+k+Koffset-1. 
[image: ]
[bookmark: _Ref25579]Figure 2 No collision between UL transmission and DL receiving with known TA
Base on the second way of modification, people may study potential enhancement on utilizing the remaining resource in ‘X’ except the necessary time gap between the receiving DL and the actual UL transmission. 
Proposal 2: Limitation on NPDCCH monitoring in the spec should be modified accordingly if the K_offset is introduced in the time relationship. 
1. Conclusions
In this contribution, related timing relationship issues to support NB-IoT and eMTC over satellite is discussed with following proposals: 
Observation 1: In some cases, e.g., Msg-3 transmission and TDD, the introduction of K_offset may not be needed for NB-IoT.
Observation 2: For the start of Msg2 RAR window, eNB should assume pre-compensation on preamble transmission in IoT-NTN.
Observation 3: Similar to NB-IoT, for eMTC different values of time offset can be configured in various timing relationships, whether enhanced or not should take the value range into account.
Proposal 1: The reuse of NR-NTN conclusion for NB-IoT/eMTC on timing relationship should be checked per case.
Proposal 2: Limitation on NPDCCH monitoring in the spec should be modified accordingly if the K_offset is introduced in the time relationship. 
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