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Introduction
[bookmark: _GoBack]At RAN2#105, [1] was presented regarding interoperability issues we encountered stemming from ambiguities in the calculation of the DL and UL HARQ RTT Timers for NB-IoT. The proposed changes were not pursued, but the following common understandings were captured in the chair notes for future reference:
RAN2 understands the intention of delta is to align to the next PDCCH occasion, in practise this means the deltaPDCCH >=0 for both DL and UL cases, to align with the RAN1 specification.
For the DL case UE may begin monitoring PDCCH from n+4
[bookmark: _Ref178064866]The conclusion from above was that for the DL timer, in the minimum case the UE may begin monitoring from subframe n+4 when deltaPDCCH=0. However, the understanding within RAN2 on the UL timer was not covered. 
In this paper, we discuss the understanding of the UL HARQ RTT timer counting.
Discussion
A previous paper to RAN2 [2] seeking to clarify deltaPDCCH only for the DL timer did not discuss the UL timer. [3] was submitted at the following meeting and very briefly discussed the usage of deltaPDCCH in the UL timer, but did not go into detail about it. None of the previous papers were concerned about the minimum length of the UL timer in relation to TS 36.213.
The current definition for the UL HARQ RTT timer is as follows from [4]:
For NB-IoT, the UL HARQ RTT timer length is set to 4+deltaPDCCH subframes, where deltaPDCCH is the interval from the last subframe of the PUSCH transmission plus 4 subframes to the first subframe of the next PDCCH occasion.
In our preparation for [1], in addition to asking companies what they understood to be the minimum length of the DL timer, we also asked what they understood to be the minimum length of the UL timer based on a figure similar to the one below.
[image: ]
Figure 1: An abstracted UL HARQ RTT Timer. The subframes in orange make up the PUSCH transmission, while the yellow subframe marks the next PDCCH occasion.
There could be several interpretations on where k0 should be at the earliest (when deltaPDCCH=0). One interpretation is that it is at subframe n+4, which is the understanding if k0 is included when calculating the interval. For deltaPDCCH=0, a reader would simply add 4 to subframe n, and assume that the next PDCCH occasion may be transmitted beginning from this 4th subframe. 
The other interpretation is that it is at subframe n+5, which is the understanding if k0 is not included when calculating the interval. Under this understanding, a reader may believe that when deltaPDCCH is equal to 0, 4 subframes are required between the last repetition of the PUSCH transmission and the next PDCCH occasion. As a result, the reader would assume that the next k0 is not until subframe n+5 at the earliest.
In fact, through the discussion during the last RAN2 meeting, we observed that companies have different understanding on the UL HARQ timer counting, which may cause inter-operability issues.
Observation 1: The current wording for the UL HARQ RTT timer is unclear, leading to differing understandings.
In our understanding, the UL timer should be aligned to the RAN1 spec (TS 36.213) in the same way that the DL timer is. In other words, the UL timer should follow the same specification as below from [5], which states that the UE is not required to monitor PDCCH at subframes n+1, n+2, and n+3. 
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;

-	else if the UE is not configured with higher layer parameter edt-parameters or if the UE is configured with higher layer parameter edt-parameters and  
-	if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3. 
This implies that the minimum length for the UL timer when deltaPDCCH = 0 should aligned with the DL timer at n+4. We propose that this be captured similarly to the understanding for the DL timer at RAN2#105.
Proposal 1: RAN2 to agree as a common understanding that for both the DL and UL HARQ RTT timer, the UE may begin monitoring PDCCH from n+4 when deltaPDCCH = 0.
Further, if companies feel that the definitions for either timer should be clarified further to make the understandings sufficiently clear, then we can also explore how we might do that during this meeting.
Proposal 2: RAN2 to clarify the definitions of the DL and UL HARQ RTT timers.
Conclusion
The following are observed based on the discussion above.
Observation 1: The current wording for the UL HARQ RTT timer is unclear, leading to differing understandings.
The following are proposed based on the discussion above.
Proposal 1: RAN2 to agree as a common understanding that for both the DL and UL HARQ RTT timer, the UE may begin monitoring PDCCH from n+4 when deltaPDCCH = 0.
Proposal 2: RAN2 to clarify the definitions of the DL and UL HARQ RTT timers.
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