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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK9]In RAN1#84bis [1] and RAN1#85 [2], the following agreements were reached on uplink compensation gaps (UCGs):
· For any NPUSCH transmission with duration greater than X ms, a final UL gap of duration Y is inserted at the end of the NPUSCH transmission
· For NPUSCH, X = 256 ms, and Y = 40 ms
In section 10.1.3.6 of TS 36.211 v14.5.0 [3], the UCG is described as follows:

	

After transmissions and/or postponements due to NPRACH of  time units, a gap of  time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.



The reason for having UCGs is to allow the UE to re-synchronize to DL signals during a long UL transmission which results in time/frequency drift primarily due to UE self-heating and low-cost XOs. 
[bookmark: OLE_LINK78]By reading the current specifications, we do not know how to deal with UCGs when 2 HARQ processes are configured. In this paper we continue the discussion from the offline email in RAN1#92 propose how to clarify procedures for UCGs for 2 HARQ processes.
[bookmark: _Ref129681832]Discussion
In [4], it is pointed out that there are two interpretations about the start time and end time of UCG timer when 2 HARQ processes are configured. If UE and eNB adopt different interpretations, NPUSCH will fail, so it is necessary to clarify which interpretation is used. After online discussion in RAN1#92, there are two possible ways to solve the issue, based on continuing to provide a 40 ms re-sycnchronization ability to the UE after 256 ms:
A. The UL gaps are defined absolutely from the start of the NPUSCH transmission, i.e. gaps are 40 milliseconds occurring every 256 milliseconds from the start of NPUSCH#0 until the end of NPUSCH#1. If a scheduling gap between the NPUSCHs coincides with a UCG, the coinciding duration is counted as part of the UCG.
[image: ]
[bookmark: _Ref509916498]Figure 1 An example for option A
B. [bookmark: OLE_LINK8]Do not support 2 HARQ processes which have a total transmission duration >256 ms, where any scheduling gap between the NPUSCHs is counted towards the 256 ms.
An example of Option A is shown in Figure 1. In Figure 1, the number “0” and “1” denote different uplink HARQ processes separately. NPUSCH #0 in HARQ process #0 transmits 56 ms and NPUSCH #1 in HARQ process #1 transmits 200 ms. There is no gap between NPUSCH #0 and NPUSCH #1. For option B, eNB is required to guarantee that a total transmission duration for 2 HARQ processes will not exceed 256 ms, and since any scheduling gap between the two NPUSCHs has no guaranteed minimum it is discarded, similarly to postponements due to NPRACH. So for both Option A and Option B, continuous uplink transmission duration exceeding 256 ms is not introduced. 
[image: ]
[bookmark: _Ref509926758]Figure 2 An example of inconsistency issue between UE and eNB for Option A
For option A, the benefit is that there is no limit for network scheduling. The drawback is that there still exists inconsistency issue between UE and eNB in some cases. For example, assume the total transmission for two HARQ process exceeds 256 ms. As shown in Figure 2, if the 1st UL grant is missing, UE will assume that there is only one HARQ process and transmit the 2nd NPUSCH according to the UCG timer of one HARQ process. But eNB still receives 1st NPUSCH and 2nd NPUSCH according to the UCG timer of two HARQ processes, or possibly schedules another UE in the UL gap. Thus the 2nd NPUSCH will fail, at best.
For Option B, the benefit is that it can avoid inconsistency between UE and eNB. Even if the 1st UL grant is missing, there is no misunderstanding between UE and eNB because total NPUSCH transmission duration for two HARQ process will not exceed 256 ms. If there is a scheduling gap between the two NPUSCHs, it will almost always be less than 40 ms and therefore does not allow the UE to retune to DL and re-synchronize, so we should not consider the gap as stopping the 256 ms timer. It might appear that the drawback for Option B is the limitation on network scheduling. However, 2 HARQ processes were introduced for, and will only be configured for, the higher data rates that can be achieved in good coverage. Long repetition (or even any repetition at all) is not expected when 2 HARQ processes are configured, and so the limitation on network scheduling effectively exists anyway. It would even be possible to define that no repetition will be supported when 2 HARQ processes are configured with minimal practical impact to eNB scheduling options.
Proposal 1: Clarify that when 2 HARQ processes are configured, the maximum total transmission duration does not exceed 256 ms, where any scheduling gap between the NPUSCHs is counted towards the 256 ms.

Conclusions
In this contribution, we discuss how to clarify UCG procedures for NPUSCH when 2 HARQ processes are configured.
Proposal 1: Clarify that when 2 HARQ processes are configured, the maximum total transmission duration does not exceed 256 ms, where any scheduling gap between the NPUSCHs is counted towards the 256 ms.
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