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1 Introduction
By the RAN1 meeting #90bits, we have achieved the agreements on reduced data processing time for 1ms TTI and short TTI. However, with reduced processing time for shortened TTI and existing TA adjustment mechanism, some issues may result that UE does not have enough processing time to complete HARQ processing. This paper provides more discussion on this topic.
2 Discussion
According to the agreement on 3GPP RAN1 meeting, the processing time for UE HARQ feedback has been reduced for 1ms TTI, 1-slot TTI, and 2/3 symbol TTI. The agreed minimum processing time and maximum supported time advance combinations are listed in Table 1.

	Reduced processing time and short TTI configuration
	Min. Processing time
	TAmax

	1ms TTI with reduced
processing time
	N+3
	6144*Ts

	slot TTI
	N+4
	9520*Ts

	2/3 Symbol TTI Set 1
	N+4 

N+6
	2048*Ts for N+4

10816*Ts for N+6

	2/3 Symbol TTI Set 2
	N+6

N+8
	5120*Ts for N+6

13888*Ts for N+8


Table 1: Minimum processing time assumption and TAmax
for reduced processing time and shortened TTI
The processing time command is indicated to UE through RRC signalling while the TA command is indicated to UE through MAC CE. Typically, the processing time delay for RRC and MAC is quite different according to the current LTE standard. Assume that UE received both processing time command and TA command at the same time. Because of the different time delays for RRC and MAC, UE may perform TA adjustment multiple times before it applies PT command. As it is shown in Figure 1, given that there a DL grant on sTTI n and UE is following an n+k HARQ feedback processing timeline, then it has a total of ((k-1)×sTTI_length – TA s) available for processing the DL grant on serving cell before RRC decoding. After RRC processing time delay, K×TA are implemented, and the remaining processing time for HARQ feedback processing is ((k-1)×sTTI_length – K×TA s).
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Figure 1: An illustration for multiple TA command have been applied at UE before reduced processing time is applied.
According to 3GPP 36.213, the maximum timing change by single TA value (0 or 63) is about 16.7 s. As it is shown in Figure 2, assuming that UE is configured with 1ms TTI at subframe n. But after the UE decodes RRC, its timing has be adjusted by 9×TA, which is at most 150 s. Note that 9×TA < TA_max for 1ms TTI = 6144×Ts, so it is possible for eNB to request UE to make such timing adjustment in the extreme case. When RRC is decoded, UE realized that network reconfigures its TTI length to be 2/3 symbol TTI Set 1. As it is shown in Table 1, the processing time is N+4×sTTI with TA_max = 2048×Ts = 66.7 s. As a result of multiple TA commands applied during the RRC decoding, UE should complete HARQ processing within N+4×sTTI -150 s < N+4×sTTI – (TA_max for 2/3 symbol TTI Set 1). According to RAN1’s design on processing time [2], UE can satisfy the processing time requirement within N+4-TA_max. Therefore, for the case shown in Figure 2, UE cannot meet the processing time constraint.  

[image: image2.emf]n n +1

...

n +5 n +6 n +14

Dealy_RRC = 15ms

Dealy_MAC = 6ms

9 TA command applied 


Figure 2: An example of multiple TA applied at reduced processing time
Observation #1: Due to the fact that the delays for RRC and MAC are different, UE may implement n*TA adjustment (for current TTI) during its decoding RRC. If UE is request to change its TTI configuration with new processing time N+k after RRC decoding, it may have the time of N+k- n*TA to complete the HARQ processing. Since TTI length changed, n*TA (for previous TTI) can exceed the TAmax for the new TTI, UE can complete HAQR processing within the time of N+k- n*TA.
To address this problem, we have following propose. 
Proposal #1: 
If the subslot PDSCH HARQ processing time is modified by RRC signalling during an ongoing connection, the following 3 options are acceptable:
Option 1: UE may not apply TA adjustment command if the accumulated TA value exceed the TAmax for the new TTI.
Option 2: If UE cannot meet the new PDSCH HARQ processing time requirement after RRC decoding, it may stop UL transmission until it completes the HARQ processing.

Option 3: If UE cannot meet the new PDSCH HARQ processing time requirement after RRC decoding, it sends a signal through UL to indicate eNB that it fails to meet the HARQ processing time requirement.
We slightly prefer Option 1.
3 Conclusion

This paper identifies the potential issues caused by reduced processing time for short TTI. The observation and proposal are demonstrated below:

Observation #1: Due to the fact that the delays for RRC and MAC are different, UE may implement multiple TA adjustment during its processing of processing time command from RRC. With reduced processing time and short TTI, it may cause that UE cannot processing time requirement for 2/3 symbol TTI.
Proposal #1: 
If the subslot PDSCH HARQ processing time is modified by RRC signalling during an ongoing connection, the following 3 options are acceptable:
Option 1: UE may not apply TA adjustment command if the accumulated TA value exceed the TAmax for the new TTI.
Option 2: If UE cannot meet the new PDSCH HARQ processing time requirement after RRC decoding, it may stop UL transmission until it completes the HARQ processing.

Option 3: If UE cannot meet the new PDSCH HARQ processing time requirement after RRC decoding, it sends a signal through UL to indicate eNB that it fails to meet the HARQ processing time requirement.
We slightly prefer Option 1.
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