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	Reason for change:
	In RAN2#119e meeting, in [R2-2208664] and also during offline discussion, company indicated that, for eMTC over NTN, the start of drx-RetransmissionTimer is independent of Koffset which is clearly an error as a long Koffset will lead to the eNB and UE having completely different view of when the drx-RetransmissionTimer needs to be running. Therefore, company suggested that, for eMTC over NTN, “legacy HARQ RTT Timer” should be extended with ”Koffset + Kmac“ instead of with ”RTToffset“. Moreover, proponent company observed that such issue doesn’t exist in NB-IoT over NTN. The reason is that factor k has been considered in HARQ RTT timer which can reflect the DL/UL timing relationship, e.g., Koffset. 
During the previous meeting discussion, we showed our sympathy with the mentioned issue. And some companies also realized that, different from NR, where the drx-HARQ-RTT-TimerDL is started based on the slot where HARQ feedback is sent (which obviously includes the effect of Koffset), the HARQ RTT Timer in IoT NTN is started in the last subframe containing the PDSCH transmission which is completely independent of Koffset. Therefore, we thought a reasonable correction is to follow NR NTN, e.g., to delay the start of HARQ RTT Timer to the last repetition of PUCCH/PUSCH used for transmitting HARQ feedback. But no consensue can be achieved in last meeting and the issue is postponed. 

The definition of UE-eNB RTT is copied here for reference:
UE-eNB RTT: For non-terrestrial networks, the sum of the UE's Timing Advance value (see TS 36.211 [7], clause 8.1) and k_Mac in units of subframe, not rounded or truncated toward an integer number of subframes
After further analysis according to the following example figure:

 We realize the main issue is following inconsistence (Issue #1) between UE and NW:
· In UE side, according to the spec, UE assumes the time length between the reception of last DL transmission and the start of retransmission reception (e.g., start of drx-RetransmissionTimer) should be the “legacy HARQ RTT Time” + RTToffset (UE-eNB RTT).
· But in NW side, when NW assumes the time length between the last DL transmission and the arrival of next retransmission, it mainly considers the UL/DL scheduling timing relationship (Koffset) and also Kmac and HARQ RTT timer, e.g, “legacy HARQ RTT Time” + Koffset + Kmac.
It can be seen, since UE-eNB RTT = TA + Kmac, as soon as Koffset is larger than TA (assuming Koffset should be at least equal to or larger than TA), the above inconsistence between UE and NW would occur. The larger the difference between Koffset and TA, the more serious the inconsistence. Then the start of retransmission reception in UE side would be (much) earlier than real arrival of retransmission scheduled by NW.

Furthermore, we realize there is another issue for NB-IoT over NTN and also TDD case for eMTC over NTN. In these cases, the factor k has been considered in the time length of HARQ RTT timer, one example is as below:
“For NB-IoT, when single TB is scheduled by PDCCH or when multiple TBs are scheduled for the interleaved case when HARQ-ACK bundling is configured the HARQ RTT Timer is set to k+3+N + RTToffset +deltaPDCCH subframes, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the associated HARQ feedback transmission plus 3+ RTToffset subframes to the first subframe of the next PDCCH occasion.”
As mentioned by proponent company of [R2-2208664], factor k already can reflect DL/UL timing relationship, e.g., Koffset, which in NTN also is related to the RTT. Therefore, if we further expand the above example formula “k+3+N + RTToffset +deltaPDCCH”as: k (Koffset) +3+N + RTToffset (TA+Kmac) +deltaPDCCH, we can find the RTT of NTN network has been considered twice in the time length of HARQ RTT timer. This is also incorrect and may cause unnecessary large scheduling delay (Issue #2).

Based on the above analysis, we think it’s clear, for addressing the possible unconsistent assumption on time length for scheduling between UE and NW, the “Koffset+Kmac” instead of “RTToffset (TA+Kmac)” should be used to extend the legacy HARQ RTT timer. This rule is applicable to both NB-IoT over NTN and eMTC over NTN cases. Moreover, it can be further divided into two sub-rules:
· For the HARQ RTT timer which has no factor of k, “Koffset+Kmac” would be used to extend the timer.
· For the HARQ RTT timer which has factor of k, since “Koffset” has been reflected in k, only “Kmac” would be used to extend the timer.
Moreover, after further analysis, since there are some factors in HARQ RTT timer of IoT NTN that are not in the HARQ RTT timer formula of NR NTN, we feel that to simply adopting NR NTN solution (delaying the HARQ timer) is risky and cannot be pursued.

	
	

	Summary of change:
	For addressing the above Issue #1 (possible unconsistent assumption on time length for scheduling between UE and NW) and Issue #2 (RTT of NTN network has been considered twice in the time length of HARQ RTT timer), in section 7.7 in MAC spec:
· To introduce a new factor scheOffset = Koffset+Kmac and a new factor scheOffset_part = Kmac;
· To extend the HARQ RTT timer for IoT NTN which has no factor “k” with new factor scheOffset (to replace the previous RTToffset);
· To extend the HARQ RTT timer for IoT NTN which has factor “k” with new factor scheOffset_part (to replace the previous RTToffset);.

Impact Analysis

Impacted functionality:
HARQ RTT timers calculation in IoT NTN.

Inter-operability:
If the network is implemented the first change and the UE is not or vice versa, the network and UE would have different calculation results for HARQ RTT timer.

If the network is implemented the second change and the UE is not or vice versa, the network and UE would have different calculation results for HARQ RTT timer.

	
	

	Consequences if not approved:
	[bookmark: _GoBack]Incorrectly calculate the (UL) HARQ RTT timer in IoT NTN.
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	Start of the change


[bookmark: _Toc29243066][bookmark: _Toc37256330][bookmark: _Toc37256484][bookmark: _Toc46500423][bookmark: _Toc52536332][bookmark: _Toc108866235]7.7	HARQ RTT Timers
For each serving cell, in case of FDD configuration not configured with subframeAssignment-r15 and in case of Frame Structure Type 3 configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to 8 subframes. For each serving cell, in case of TDD configuration or FDD with subframeAssignment-r15 configured on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in clauses 10.1 and 10.2 of TS 36.213 [2], and for an RN configured with rn-SubframeConfig, as specified in TS 36.331 [8] and not suspended, as indicated in Table 7.5.1-1 of TS 36.216 [11].
[bookmark: _Hlk496784998]For each serving cell, for HARQ processes scheduled using Short Processing Time (TS 36.331 [8]) the HARQ RTT Timer is set to 6 subframes for FDD and Frame Structure Type 3 and set to k + 3 subframes for TDD, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in clauses 10.1 and 10.2 of TS 36.213 [2].
For each serving cell, for HARQ processes scheduled using short TTI (TS 36.331 [8]) the HARQ RTT Timer is set to 8 TTIs if the TTI length is one slot or if proc-Timeline is set to n+4 set1, to 12 TTIs if proc-Timeline is set to n+6 set1 or n+6 set2 and to 16 TTIs if proc-Timeline is set to n+8 set2 for FDD and Frame Structure Type 3.
For TDD short TTI the HARQ RTT Timer is set to k + 4 TTIs, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in clauses 10.1 and 10.2 of TS 36.213 [2].
For BL UEs and UEs in enhanced coverage, when single TB is scheduled by PDCCH the HARQ RTT Timer corresponds to 7 + N + RTToffsetscheOffset, where N is the used PUCCH repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for N. In case of TDD, HARQ RTT Timer corresponds to 3 + k + N + RTToffsetscheOffset_part, where k is the interval between the last repetition of downlink transmission and the first repetition of the transmission of associated HARQ feedback, and N is the used PUCCH repetition factor, where only valid UL subframes are counted for N as indicated in clauses 10.1 and 10.2 of TS 36.213 [2].
For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is not configured, the HARQ RTT Timer corresponds to 7 + m * N + RTToffsetscheOffset, where N is the used PUCCH repetition factor and m is the number of scheduled TBs as indicated in PDCCH, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for m * N.
For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is configured the HARQ RTT Timer corresponds to 7 + M * N + RTToffsetscheOffset, where N is the used PUCCH repetition factor and M is the number of TB bundles as specified in clause 7.3 of TS 36.213 [2], where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for M * N.
For NB-IoT, when single TB is scheduled by PDCCH or when multiple TBs are scheduled for the interleaved case when HARQ-ACK bundling is configured the HARQ RTT Timer is set to k+3+N + RTToffsetscheOffset_part +deltaPDCCH subframes, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the associated HARQ feedback transmission plus 3+ RTToffsetscheOffset_part subframes to the first subframe of the next PDCCH occasion.
For NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, the HARQ RTT Timer is set to k+2*N+1 + RTToffsetscheOffset_part +deltaPDCCH subframes where k is the interval between the last subframe of the downlink transmission and the first subframe of the first HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the last HARQ feedback transmission plus 1+ RTToffsetscheOffset_part subframes to the first subframe of the next PDCCH occasion.
Except for NB-IoT and for HARQ processes scheduled using Short Processing Time and for short TTI, UL HARQ RTT Timer length is set to 4 subframes for FDD and Frame Structure Type 3, and set to kULHARQRTT subframes for TDD, where kULHARQRTT equals to the kPHICH value indicated in Table 9.1.2-1 of TS 36.213 [2] if the UE is not configured with upper layer parameter symPUSCH-UpPts for the serving cell, otherwise the kPHICH value is indicated in Table 9.1.2-3.
For NB-IoT, when single TB is scheduled by PDCCH the UL HARQ RTT timer length is set to 4 + RTToffsetscheOffset +deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 3+ RTToffsetscheOffset subframes to the first subframe of the next PDCCH occasion.
For NB-IoT, when multiple TBs are scheduled by PDCCH the UL HARQ RTT timer length is set to 1 + RTToffsetscheOffset +deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 1+ RTToffsetscheOffset subframes to the first subframe of the next PDCCH occasion.
For HARQ processes scheduled using Short Processing Time (TS 36.331 [8]), the UL HARQ RTT Timer length is set to 3 subframes for FDD and for Frame Structure Type 3, and set to kULHARQRTT subframes for TDD, where kULHARQRTT equals the value indicated in Table 7.7-1 and Table 7.7-2.
For HARQ processes scheduled using short TTI (TS 36.331 [8]), the UL HARQ RTT Timer length is set to 8 TTIs if the TTI length is one slot or if proc-Timeline is set to n+4 set1, to 12 TTIs if proc-Timeline is set to n+6 set1 or n+6 set2 and to 16 TTIs if proc-Timeline is set to n+8 set2 for FDD and Frame Structure Type 3. For TDD short TTI the UL HARQ RTT Timer is set to kULHARQRTT TTIs, where kULHARQRTT equals the value indicated in Table 7.7-3, Table 7.7-4 and Table 7.7-5.
Table 7.7-1: kULHARQRTT for TDD Short Processing Time when special subframe configurations 0~9 is configured
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	
	3
	3
	6
	
	
	3
	3
	6

	1
	
	
	3
	3
	
	
	
	3
	3
	

	2
	
	
	3
	
	
	
	
	3
	
	

	3
	
	
	3
	3
	3
	
	
	
	
	

	4
	
	
	3
	3
	
	
	
	
	
	

	5
	
	
	3
	
	
	
	
	
	
	

	6
	
	
	3
	3
	5
	
	
	3
	3
	



Table 7.7-2: kULHARQRTT for TDD Short Processing Time applied when special subframe configuration 10 is configured
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	4
	3
	3
	6
	 
	4
	3
	3
	6

	1
	
	3
	3
	3
	 
	 
	3
	3
	3
	 

	2
	
	3
	3
	
	
	
	3
	3
	
	 

	3
	
	4
	3
	3
	3
	
	
	
	
	 

	4
	
	3
	3
	3
	
	
	
	
	
	 

	5
	
	3
	3
	
	
	
	
	
	
	 

	6
	
	4
	3
	3
	5
	
	3
	3
	3
	 



Table 7.7-3: kULHARQRTT for TDD short TTI applied when special subframe configurations 1, 2, 3, 4, 6, 7 and 8 are configured
	TDD UL/DL
Configuration
	sTTI index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	
	
	
	
	6
	5
	4
	4
	4
	4
	
	
	
	
	6
	5
	4
	4
	4
	4

	1
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	
	
	4
	4
	4
	4
	
	

	2
	
	
	
	
	4
	4
	
	
	
	
	
	
	
	
	4
	4
	
	
	
	

	3
	
	
	
	
	6
	5
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	6
	5
	4
	4
	4
	4
	
	
	
	
	4
	4
	4
	4
	
	



Table 7.7-4: kULHARQRTT for TDD short TTI applied when special subframe configurations 0, 5 and 9 are configured
	TDD UL/DL
Configuration
	sTTI index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	
	
	
	
	6
	5
	4
	4
	4
	11
	
	
	
	
	6
	5
	4
	4
	4
	11

	1
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	
	
	4
	4
	4
	4
	
	

	2
	
	
	
	
	4
	4
	
	
	
	
	
	
	
	
	4
	4
	
	
	
	

	3
	
	
	
	
	6
	5
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	6
	5
	4
	4
	4
	9
	
	
	
	
	4
	4
	4
	4
	
	



Table 7.7-5: kULHARQRTT for TDD short TTI applied when special subframe configuration 10 is configured
	TDD UL/DL
Configuration
	sTTI index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	
	
	
	7
	6
	5
	4
	4
	4
	11
	
	
	
	7
	6
	5
	4
	4
	4
	11

	1
	
	
	
	5
	4
	4
	4
	4
	
	
	
	
	
	5
	4
	4
	4
	4
	
	

	2
	
	
	
	4
	4
	4
	
	
	
	
	
	
	
	4
	4
	4
	
	
	
	

	3
	
	
	
	7
	6
	5
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	5
	4
	4
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	4
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	7
	6
	5
	4
	4
	4
	9
	
	
	
	5
	4
	4
	4
	4
	
	



NOTE:	RTToffset = 0 in terrestrial networks and RTToffset = UE-eNB RTT in Non-terrestrial networks.
NOTE:	scheOffset = 0 in terrestrial networks and scheOffset = Koffset + Kmac in Non-terrestrial networks.
NOTE:	scheOffset_part = 0 in terrestrial networks and scheOffset_part = Kmac in Non-terrestrial networks.

	End of the change
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