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Background
In Rel-14, two HARQ processes are introduced. And timing from DL reception to NPUSCH transmission is at least 1ms. The corresponding agreements and descriptions captured in spec are shown below.
Agreements in RAN1#87:
· The gap between NPUSCH to any DL reception is ≥ 1ms. 

	Extracted from section16.4.1 of TS36.213

	If a UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	the UE is not expected to receive transmissions in the Type B half duplex guard periods as specified in [3]
otherwise
-	the UE is not expected to receive transmissions in 3 DL subframes following the end of a NPUSCH transmission by the UE.


Figure 1 is an illustration of the timing for two HARQ processes in downlink. It is seen that during the 1ms timing UE needs to switch from DL Rx to UL Tx and perform timing advance.
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[bookmark: _Ref2155131]Figure 1 An example for two HARQ processes in downlink
[bookmark: _Ref129681832]So the tightest timing for DL Rx to UL Tx is related to the maximum TA advance, which is related to the CP length of used NPRACH format.
Observation1: In Rel-14, the effective switch time from DL Rx to UL Tx for two HARQ processes is related to TA and the CP length of used NPRACH format.
Rel-14 NB-IoT supports two NPRACH formats. Corresponding parameters are shown below. NPRACH format 1 has longer CP length than NPRACH format 0. For NPRACH format 1, the maximum CP length is 0.267ms, which results in the maximum supported cell radius of 40km. Thus in Rel-14 tightest switch time from DL Rx to UL Tx for two HARQ processes is 0.733ms, which is shown in Figure 2.
Table 10.1.6.1-1: Random access preamble parameters
	Preamble format
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[bookmark: _Ref2157776]Figure 2 An example for two HARQ processes in downlink with TA of 0.267ms
Observation2: The design range for NPRACH formats 0/1 is 40 km.
Observation3: In Rel-14, if UE has two HARQ processes capability and received the configuration of two HARQ processes, the minimum DL-UL switching time is 0.733ms.
Issue description
In Rel-15, NPRACH format 2 is introduced. Corresponding parameters are shown below. For NPRACH format 2, the maximum CP length is 0.8ms, which results in the maximum supported cell radius of 120km. Thus in Rel-14 tightest switch time from DL Rx to UL Tx for two HARQ processes is 0.2ms, which is shown in Figure 3.
[bookmark: _Hlk515117179]Table 10.1.6.1-1: Random access preamble parameters for frame structure type 1
	Preamble format
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	0
	4
	4
	5
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	1
	4
	4
	5
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	2
	6
	6
	3
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[bookmark: _Ref2158417]Figure 3 An example for two HARQ processes in downlink with TA of 0.8ms
Observation4: The design range for NPRACH formats 2 is 120 km.
Observation5: In Rel-15, if UE has two HARQ processes and NPRACH format 2 capability and the UE received the configuration of two HARQ processes and NPRACH format 2 resources, the minimum DL-UL switching time is 0.2ms.
So the issue is that introduction of NPRACH format 2 in Rel-15 allows a maximum TA of 800 us (120 km cell radius), reducing the effective switching time to a minimum of 0.2 ms in contradiction of the assumptions made on 2-HARQ UE processing capabilities. This occurs when UE range >40 km and configured with 2 HARQ processes.
Observation6: Introduction of NPRACH format 2 in Rel-15 allows a maximum TA of 800 us (120 km cell radius), reducing the effective switching time to a minimum of 0.2 ms in contradiction of the assumptions made on 2-HARQ UE processing capabilities.
Solutions
There are two options to solve the problem.
· Option1: Limit the usage of two HARQ processes for UE supporting NPRACH format 2.
· Option2: Extend the timing from 1ms to 2ms when UE range >40 km and configured with 2 HARQ processes.
For option1, in Rel-14 the motivation of two HARQ processes is to improve the peak data rate. And the scheduling delay values limit the usage of two HARQ processes with large repetitions, i.e. 2 HARQ operation assumes low path loss. 
Observation7: The Rel-14  2 HARQ UE configuration is intended to be used in good coverage, i.e. at short range.
Observation8: The combination of long UE range suitable for NPRACH format 2 together with 2 HARQ configuration is not expected to be used in practice.

Proposal 1: 
Record a chairman’s note that the facts stated in the above observation are correct.
Approve the CR in R1-1903300.
[bookmark: _GoBack]Conclusions
In this contribution, we point out an issue about timing relationships for 2-HARQ with NPRACH format 2, provide analysis and possible solutions. The following observations and proposals are made.
Observation1: In Rel-14, the effective switch time from DL Rx to UL Tx for two HARQ processes is related to TA and the CP length of used NPRACH format.
Observation2: The design range for NPRACH formats 0/1 is 40 km.
Observation3: In Rel-14, if UE has two HARQ processes capability and received the configuration of two HARQ processes, the minimum DL-UL switching time is 0.733ms.
Observation4: The design range for NPRACH formats 2 is 120 km.
Observation5: In Rel-15, if UE has two HARQ processes and NPRACH format 2 capability and the UE received the configuration of two HARQ processes and NPRACH format 2 resources, the minimum DL-UL switching time is 0.2ms.
Observation6: Introduction of NPRACH format 2 in Rel-15 allows a maximum TA of 800 us (120 km cell radius), reducing the effective switching time to a minimum of 0.2 ms in contradiction of the assumptions made on 2-HARQ UE processing capabilities.
Observation7: The Rel-14  2 HARQ UE configuration is intended to be used in good coverage, i.e. at short range.
Observation8: The combination of long UE range suitable for NPRACH format 2 together with 2 HARQ configuration is not expected to be used in practice.

Proposal 1: 
Record a chairman’s note that the facts stated in the above observation are correct.
Approve the CR in R1-1903300
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