Page 4
Draft prETS 300 ???: Month YYYY
	
	
	



[bookmark: _Int_YKA6G0F1][bookmark: _Int_Kqxcryje]3GPP TSG-RAN WG2 #119bis-e	R2-2210756
Electronic meeting, 2022-10-10 - 2022-10-19

Agenda Item:	7.2.3
Source:	Ericsson
[bookmark: _Int_Ll1kcunD][bookmark: _Int_AhD3S72F]Title:	R17 IoT NTN User Plane issues
Document for:	Discussion, Decision
1	Introduction
In this contribution we discuss two DRX issues related to the HARQ timers: 
· The length of the UL HARQ RTT Timer for eMTC has not been extended as was agreed 
· The HARQ RTT Timer for eMTC and the start of drx-RetransmissionTimer does not always minimize the PDCCH monitoring 

[bookmark: _Ref178064866]2	Discussion
The start of HARQ RTT Timer and UL HARQ RTT Timer is specified in MAC spec section 5.7:
-	if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:
-	if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:
-	if lower layers have indicated scheduling of transmission of multiple TBs:
-	start the HARQ RTT Timers for all HARQ processes corresponding to the scheduled TBs in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB;
-	else:
-	start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;
-	else:
-	start the HARQ RTT Timer for the corresponding HARQ process;
…
-	if the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe, or if the PDCCH indicates an UL transmission for an autonomous HARQ process or;
-	if the uplink grant is a configured grant for the MAC entity's AUL C-RNTI and if the corresponding PUSCH transmission has been performed in this subframe:
-	if mpdcch-UL-HARQ-ACK-FeedbackConfig is not configured:
-	if lower layers have indicated scheduling of transmission of multiple TBs:
-	start the UL HARQ RTT Timers for all scheduled HARQ processes in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB;
-	else:
-	start the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;
-	stop the drx-ULRetransmissionTimer or drx-ULRetransmissionTimerShortTTI for the corresponding HARQ process;
-	if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured and an UL HARQ-ACK feedback has not been received on PDCCH until the last repetition of the corresponding PUSCH transmission:
-	start or restart the drx-ULRetransmissionTimer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;
We observe that
[bookmark: _Toc115427918]For UL, the start of UL HARQ RTT Timer is in the subframe of the last PUSCH transmission of the (scheduled/configured) grant. This is like the start of drx-HARQ-RTT-TimerUL in NR NTN. 
[bookmark: _Toc115427919]For DL, the UE start HARQ RTT Timer in the subframe of the last received PDSCH transmission of the (scheduled/configured) assignment. This is different compared to NR NTN where drx-HARQ-RTT-TimerDL is started based on when the HARQ feedback is transmitted. 

The length of HARQ RTT Timer and UL HARQ RTT Timer is specified in MAC spec section 7.7: 
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 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 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 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 + RTToffset, where N is the used PUCCH repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted. In case of TDD, HARQ RTT Timer corresponds to 3 + k + N + RTToffset, 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 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 + RTToffset, 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 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 + RTToffset, 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 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 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 + RTToffset +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 subframe 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.
[bookmark: _Hlk114662773]For NB-IoT, when single TB is scheduled by PDCCH the UL HARQ RTT timer length is set to 4 + RTToffset +deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 3 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 + RTToffset +deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 1 subframe to the first subframe of the next PDCCH occasion.
…
NOTE:	RTToffset = 0 in terrestrial networks and RTToffset = UE-eNB RTT in Non-terrestrial networks.

We observe that 
· In DL for BL & CE UEs, and NB-IoT UEs, HARQ RTT Timer length is extended by RTToffset.
· In DL for TDD BL & CE UEs, and NB-IoT UEs, HARQ RTT Timer contains the component k which is the interval between the last subframe of the downlink transmission and the first subframe of the first HARQ feedback transmission while no such component is included for FDD BL and CE UEs.
· In UL for NB-IoT UEs, UL HARQ RTT timer length is extended by RTToffset. 
· In UL for BL and CE UEs, UL HARQ RTT Timer length is not extended.
· For NB-IoT UEs, at the end of (UL) HARQ RTT Timer deltaPDCCH is added that takes care of the time between the other parts of (UL) HARQ RTT Timer until the first PDCCH occasion. 

2.1	UL HARQ RTT Timer for eMTC
The UL HARQ RTT Timer is started in the last transmitted PUSCH subframe of the (scheduled/configured) grant. 
When UL HARQ RTT Timer expires, the drx-ULRetransmissionTimer is started. 
We have this agreement from RAN2#115e
UE-eNB RTT is taken into account when calculating the (UL) HARQ RTT timer. 
And from RAN2#116e
An offset equal to UE-eNB RTT is added to the formula used for calculating the (UL) HARQ RTT timer in IoT NTN.
Clearly, this agreement has not been implemented for eMTC. 
[bookmark: _Toc115427920]The agreement “An offset equal to UE-eNB RTT is added to the formula used for calculating the (UL) HARQ RTT timer in IoT NTN.” has not been implemented in UL HARQ RTT Timer for eMTC.
[bookmark: _Toc115427926]Add RTToffset to the UL HARQ RTT Timer for BL UEs and UEs in enhanced coverage, see text proposal below 

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 + RTToffset subframes for FDD and Frame Structure Type 3, and set to kULHARQRTT + RTToffset 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.

The issue is further illustrated in Appendix A below. 

[bookmark: _Hlk115044441][bookmark: _Hlk115044933][bookmark: _Hlk115038429]2.1	HARQ RTT Timer for eMTC
The HARQ RTT Timer is started based on the (last) received PDSCH and length is specified as “legacy HARQ RTT Timer” + UE-eNB RTT. 
When HARQ RTT Timer expires, the drx-RetransmissionTimer is started.
Clearly the agreement at RAN2#116e
An offset equal to UE-eNB RTT is added to the formula used for calculating the (UL) HARQ RTT timer in IoT NTN.
did not take into account that the start of HARQ RTT Timer in IoT NTN is on the last PDSCH transmission compared to the start of drx- HARQ-RTT-TimerDL which is on first symbol after sending the HARQ feedback in NR NTN. 
We illustrate with a simple example of the current specified HARQ RTT Timer in the figure 1 below. We assume a 600 km LEO constellation, BL UE, single TB, no repetitions (N=1), propagation RTT=8.5 ms, TA = 4.5 ms, Koffset = TA + 1.5, UL/DL aligned at the reference point (Kmac = 4), and time between PDSCH and HARQ feedback transmission of 4 subframes (denoted B in the figure). For these parameters, the legacy HARQ RTT Timer will be 7 + 1 = 8 subframes. 
Notation:
Nw Tx		Timing at NW when transmitting the DL
RP DL		Timing of the DL at the reference point (where UL and DL are aligned)
UE Rx		Timing at UE when receiving the DL
UE Tx		Timing at UE when transmitting the UL
RP UL		Timing of the UL at the reference point
Nw Rx	Timing at NW when receiving the UL
B		Legacy time between PDSCH and HARQ feedback transmission, 4 subframes
A0		assignment for HARQ process ID 0
D0		PDSCH transmission for HARQ process ID 0
F0		HARQ feedback transmission for HARQ process ID 0
TA		the timing advance, assumed to be 4.5 ms
Koffset	The UE specific Koffset, assumed to be TA+1.5 = 6 ms
Kmac		The broadcasted Kmac, assumed to be 4 ms
The timers drawn under “Nw Tx” are the timers that the eNB uses to know when to expect the HARQ feedback transmission and when it can send a new assignment on MPDCCH for the HARQ process ID 0. The Timers drawn under “UE Rx” and “UE Tx” are the UEs timers to know when to transmit HARQ feedback (Koffset and B) and when to monitor the MPDCCH (HARQ RTT Timer and drx-RetransmissionTimer). 
Note that the TTI 1 where the eNB starts the drx-RetransmissionTimer is the first TTI after receiving HARQ feedback where the eNB can send a retransmission assignment for HARQ process ID 0 – that is, the NW start the drx-RetransmissionTimer with correct timing.
Further, note that the UEs starts drx-RetransmissionTimer in TTI 2, and it is misaligned with the eNBs drx-RetransmissionTimer, that is the UEs start of drx-RetransmissionTimer is incorrect. 
Even more severe would be if the UE has a Koffset (UE specific or Cell specific) that is significantly larger than the TA. In figure 1, if we increase Koffset then F0, the retransmission assignment A0 (2nd A0 to the right), and start of eNBs drx-RetransmissionTimer at 1 will be shifted to the right in the figure, while the UEs start of drx-RetransmissionTimer 2 remains the same, that is the misalignment will be worse if difference between Koffset and TA is larger. 
[bookmark: _Toc115427921]In NTNs for BL and CE UEs, the start of drx-RetransmissionTimer is independent of Koffset. 
[bookmark: _Toc115427922]In NTNs for NB-IoT UEs, the start of drx-InactivityTimer depends on Koffset. In NR NTN, the start of drx-RetransmissionTimerDL depends on Koffset. 
This misalignment between the UE and the eNBs start of drx-RetransmissionTimer means the UE may monitor MPDCCH when the eNB cannot schedule the UE, or that the eNB schedules the UE when it is not monitoring MPDCCH. 
Further, the HARQ RTT Timer has a definition in section 3.1: 
HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity.
The current HARQ RTT Timer 3 is clearly not specifying the minimum amount of subframe(s) before a DL assignment for HARQ retransmission can be expected by the MAC entity – thus the current specified HARQ RTT Timer contradicts the definition of the HARQ RTT Timer.

[bookmark: _Toc115427927]For BL UEs and UEs in enhanced coverage in NTNs, RAN2 acknowledge that the start of drx-RetransmissionTimer does not minimize the monitoring of PDCCH. 

You can argue that the DRX functionality is broken, as the current specification does not support minimizing the MPDCCH monitoring for eMTC. However, this deficiency may only result in increased UE energy consumption, increased delay, and trouble for the network as some UEs may not listen when the eNB schedules it. 
Figure 1: eMTC HARQ RTT Timer in current MAC spec 
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Last meeting, we proposed two methods to fix this (either base the start of HARQ RTT Timer on the DL timing and adjust the length of HARQ RTT Timer or base the start of HARQ RTT Timer on the timing of HARQ feedback transmission and adjust the length of HARQ RTT Timer) but these proposals were not acceptable to RAN2. 
As the current HARQ RTT Timer is started based on the last received PDSCH, we looked further into the timing of this option. 
Looking at figure 1 above we see that the UE can use the same timing as the eNB uses 4, that is, to use a HARQ RTT Timer equal to Koffset+Kmac+”legacy HARQ RTT Timer” (instead of the currently specified UE-eNB RTT+”legacy HARQ RTT Timer”). 
This is simple to specify as only the length of HARQ RTT Timer is updated (and there was strong opposition against changing the start+length of HARQ RTT Timer at last RAN2 meeting). 
We illustrate using the HARQ RTT Timer = Koffset+Kmac+”legacy HARQ RTT Timer” in figure 2. 
Figure 2: Updated eMTC HARQ RTT Timer 
[image: ]

Therefore, we propose 
[bookmark: _Toc115427928]In NTNs for BL UEs and UEs in enhanced coverage, the offset added to the formula used for calculating the HARQ RTT timer shall be Koffset+Kmac instead of RTToffset, see text proposal below

For BL UEs and UEs in enhanced coverage, when single TB is scheduled by PDCCH the HARQ RTT Timer corresponds to 7 + N + RTToffset DLoffset, where N is the used PUCCH repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted. In case of TDD, HARQ RTT Timer corresponds to 3 + k + N + RTToffset DLoffset, 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 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 + RTToffset DLoffset, 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 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 + RTToffset DLoffset, 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.
NOTE:	DLoffset = 0 in terrestrial networks and DLoffset = k-Offset + k-Mac in Non-terrestrial networks.

Note, this will give gains for all UEs whether they have a UE specific Koffset or Cell specific Koffset, all UEs will have monitoring of PDCCH only for the correct number of TTIs, and energy consumption can be minimized. 

2.1.1 Inferior mitigation techniques 
The current HARQ RTT Timer length is (most of the time) a non-integer number of subframes. 
By increasing the broadcasted Kmac (whith a resolution of 1 ms), this cannot perfectly compensate a non-integer TA, further this assumes that the eNB perfectly will update the UE specific TA whenever the TA changes. 
[bookmark: _Toc115427923]UE specific Koffset shall never be lower than TA to ensure sufficient UE processing time between receiving a grant and the PUSCH transmission and between receiving PDSCH and the HARQ feedback transmission.
We have in MAC spec
-	Timing Advance: The Timing Advance field indicates the least integer number of subframes greater than or equal to the Timing Advance value (see TS 36.211 [7] clause 8.1). The length of the field is 14 bits.
And in RRC:
OffsetThresholdTA-r17	::=					ENUMERATED {
												ms0dot5, ms1, ms2, ms3, ms4, ms5, ms6 ,ms7,
												ms8, ms9, ms10, ms11, ms12, ms13, ms14, ms15
}

The reported TA resolution is 1 ms and reported value is the closest integer subframes equal or higher than the actual TA. 
If we configure the UE specific Koffset equal to the reported TA – we risk that the TA increases and become larger than Koffset. Therefore, we must always configure UE specific Koffset >= reported TA + 1.
[bookmark: _Toc115427924]The UE specific Koffset must always be configured larger or equal to reported TA + 1.
Any time that TA increase and [UE specific Koffset + offset] < [TA+1] then a TA report needs to be triggered and Koffset shall be increased (using thresholds 0.5 ms or 1 ms, this is possible). 
If the TA decreases, then the UE specific Koffset may be TA + 1.5 subframes, this is not rare, it is a typical case for any UE that connects when the satellite is on its way towards where the UE is. 
However, not all UEs will support TA reporting. We have in 36.306: 
4.3.38.2        ntn-TA-Report-r17
This field indicates whether the UE supports Timing advance reporting in NTN cell as specified in TS 36.321 [4]. This feature is only applicable if the UE supports ntn-Connectivity-EPC-r17.
7.10.5    TA Reporting during Initial Access for NTN
It is mandatory to support TA report during initial access for UEs which support ntn-TA-Report-r17 as specified in TS 36.321 [4].

[bookmark: _Toc115427925]To support all UEs, including UEs without TA reporting capability, the HARQ RTT Timer needs to be updated as in Proposal 3.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For UL, the start of UL HARQ RTT Timer is in the subframe of the last PUSCH transmission of the (scheduled/configured) grant. This is like the start of drx-HARQ-RTT-TimerUL in NR NTN.
Observation 2	For DL, the UE start HARQ RTT Timer in the subframe of the last received PDSCH transmission of the (scheduled/configured) assignment. This is different compared to NR NTN where drx-HARQ-RTT-TimerDL is started based on when the HARQ feedback is transmitted.
Observation 3	The agreement “An offset equal to UE-eNB RTT is added to the formula used for calculating the (UL) HARQ RTT timer in IoT NTN.” has not been implemented in UL HARQ RTT Timer for eMTC.
Observation 4	In NTNs for BL and CE UEs, the start of drx-RetransmissionTimer is independent of Koffset.
Observation 5	In NTNs for NB-IoT UEs, the start of drx-InactivityTimer depends on Koffset. In NR NTN, the start of drx-RetransmissionTimerDL depends on Koffset.
Observation 6	UE specific Koffset shall never be lower than TA to ensure sufficient UE processing time between receiving a grant and the PUSCH transmission and between receiving PDSCH and the HARQ feedback transmission.
Observation 7	The UE specific Koffset must always be configured larger or equal to reported TA + 1.
Observation 8	To support all UEs, including UEs without TA reporting capability, the HARQ RTT Timer needs to be updated as in Proposal 3.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Add RTToffset to the UL HARQ RTT Timer for BL UEs and UEs in enhanced coverage, see text proposal below
Proposal 2	For BL UEs and UEs in enhanced coverage in NTNs, RAN2 acknowledge that the start of drx-RetransmissionTimer does not minimize the monitoring of PDCCH.
Proposal 3	In NTNs for BL UEs and UEs in enhanced coverage, the offset added to the formula used for calculating the HARQ RTT timer shall be Koffset+Kmac instead of RTToffset, see text proposal below

Appendix A: UL HARQ RTT Timer for eMTC
We illustrate the current specified (legacy) UL HARQ RTT Timer (4 subframes in legacy) in the figure A.1 below, and the updated UL HARQ RTT Timer in figure A.2. 
We assume UL/DL are aligned in the eNB (Kmac=0), a BL UE, single TB, no repetitions, propagation RTT=8 ms, Koffset = TA + 1, and time between grant and UL transmission of 4 subframes (denoted A in the figures). 
Notation:
Nw Tx		Timing at NW when transmitting the DL
UE Rx		Timing at UE when receiving the DL
UE Tx		Timing at UE when transmitting the UL
Nw Rx	Timing at NW when receiving the UL
A		Legacy time between grant and UL transmission, 4 subframes
C		The legacy UL HARQ RTT Timer = 4 subframes
G0		grant for HARQ process ID 0
U0		PUSCH transmission for HARQ process ID 0
TA		the timing advance
Koffset	The UE specific Koffset, assumed to be TA+1
Kmac		The broadcasted Kmac, assumed to be 0
The timers drawn under “Nw Tx” are the timers that the eNB uses to know when to expect the UL transmission and when it can send a new grant on MPDCCH for the HARQ process ID 0. The Timers drawn under “UE Rx” and “UE Tx” are the UEs timers to know when to transmit (Koffset and A) and when to monitor the MPDCCH (UL HARQ RTT Timer and drx-ULRetransmissionTimer). 
Note that the TTI where eNB starts drx-ULRetransmissionTimer is the first TTI where the NW can send a retransmission grant for HARQ process ID 0 – that is, the NW start of drx-ULRetransmissionTimer is the correct timing. 
Further, note that the UEs drx-ULRetransmissionTimer is started too early, and it is misaligned with the eNBs drx-ULRetransmissionTimer, that is the UEs start of drx-ULRetransmissionTimer is incorrect. 
Figure A.1: eMTC UL HARQ RTT Timer in current MAC spec
[image: ]

The same assumptions were used in figure A1 but with the UL HARQ RTT Timer = legacy UL HARQ RTT Timer + UE-eNB RTT. We see in this case, UEs start drx-ULRetransmissionTimer in the same subframe where the first possible grant can be received for HARQ retransmission of HARQ process ID 0, and there is no misalignment between the UE and eNBs drx-ULRetransmissionTimer.
Figure A.2: Updated eMTC UL HARQ RTT Timer
[image: ]
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UL/DL aligned in eNB Kmac=0 Koffset = TA+1 A=time between grant and UL tx C=legacy UL HARQ RTT Timer

Correct UL HARQ RTT Timer
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Koffset A UL HARQ RTT Timer = 4 + UE-eNB RTT = 4+8 = 12
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