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1. Introduction
As a part of LTE_sTTIandPT WI, RAN4 needs to finalize the TA adjustment delay requirement. TA adjustment delay requirement for single carrier with slot/subslot TTI has been open due to its dependency on the pending RAN1 agreement on the minimum processing time. TA adjustment delay requirement for CA scenario also has been discussed in the last RAN4 #84bis meeting, but no agreement was made [1,2]. RAN1 recently sent an LS [3] clarifying the minimum processing time and the maximum TA for different TTI length, providing all the relevant information for RAN4 to specify the TA adjustment delay requirement.

In this paper, we propose the TA adjustment delay requirement for sTTI in single carrier and CA scenario based on the recent RAN1 agreement.
2. Discussion
2.1. TA Adjustment Delay for Single Carrier

For a single carrier, RAN4 agreed to define TA adjustment delay of sub-slot TTI, slot TTI, or subframe TTI with shortProcessing Time based on their respective PDSCH processing timeline plus the additional 2ms for MAC CE processing. With the recent RAN1 agreement on the DL processing timeline [1], the TA adjustment delay may be defined as the Table 1, where the minimum PDSCH processing time of N+6 subslots and N+8 subslots is assumed for subslot TTI set 1 and 2, respectively.
Table 1. Timing advance adjustment delay requirment for a serving cell with subslot TTI, slot TTI, or 1ms-TTI with shortProcessingTime 

	sTTI Type
	TA adjustment delay
	Units

	Subframe TTI with shortProcessingTime
	N+5 
	Subframe

	Slot TTI
	[N+8] 
	Slot

	Subslot TTI Set 1 
	[N+18] 
([N+42])
	Subslot 
(Symbol)

	Subslot TTI Set 2 
	[N+20]
([N+47])
	Subslot 
(Symbol)


Proposal 1. For a UE configured with the serving cell employing slot TTI, TA adjustment command received at slot N should be applied by N+8 slots.

Proposal 2. For a UE configured with the serving cell employing subslot TTI set 1, TA adjustment command received at subslot N should be applied by N+18 subslots.

Proposal 3. For a UE configured with the serving cell employing subslot TTI set 2, TA adjustment command received at subslot N should be applied by N+20 subslots.
2.2. TA Adjustment Delay for ULCA
TA adjustment delay may be ralaxed in case of the ULCA. First, when there are multiple UL carriers with the different sTTI types within one TAG, adjusting the TA based on the delay requirement defined for one UL carrier with shorter TTI may result in updating the transmit timing in the middle of the TTI for other UL carrier with longer TTI. In order to avoid such scenario, our view is that the received TA command for a TAG should be applied at the earliest common TTI boundary satisfying the TA adjustment delay across all the UL carriers in the same TAG. While the common TTI boundary may be tightened to “slot” instead of “subframe” when there is no serving cell with 1ms TTI, the gain from such small-scale optimization is not clear and we propose it would be sufficient to always align TA adjustment to the earliest common subframe boundary for the implementational simplicity.
When there are multiple TAGs, similar relaxation of TA adjustment delay across TAGs may be considered. In the legacy ULCA with 1ms TTI and multiple TAGs, TA commands for different TAGs are applied either almost at the same time, e.g., only up to the 30.26us from one to another, or at least 1ms apart. However, in the presence of multiple TAGs with different sTTI, UE may need to apply the multiple closely spaced TA adjustment across different TAGs that may be {0,3,5,7,9,11,14} OFDM symbols apart when following the TA adjustment delay of each TAG without relaxation. Considering that UE may need to stop TA adjustment depending on the transmit timing difference of the UL carriers across TAGs and uplink processing for TA adjustment may need some lead time of a few hundreds of us before the actual timing update, it may complicate UE processing to handle multiple TA adjustment for shorter TTI in the vicinity of the TA adjustment for longer TTI without much benefit. Given this, we propose that for multiple TAGs with different TTI length, TA adjustment delay across TAGs should also be aligned to the earliest common subframe boundary. When UE receives multiple TA commands for sTTI that are mapped to the same subframe boundary, UE may apply the most recent one. Figure 1 shows an example of the proposed TA adjustment delay relaxation for ULCA with multiple TAG.
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Figure 1. TA adjustment timing for ULCA with multiple TAGs with different TTI length (pTAG: 1ms with shortProcessingTime, sTAG: subslot TTI set 1 with N+6 processing time)
Proposal 4. For ULCA with one or more cells employing subslot TTI, slot TTI or 1ms-TTI with shortProcessingTime, TA command received at subslot N, slot N, or subframe N is applied at the earliest subframe boundary that exceeds the minimum TA adjustment delay of the single carrier of the same TTI
3. Conclusions

In this paper, we discussed the TA adjustment delay for sTTI in the single carrier and carrier aggregation scenario. In the single carrier scenario, TA adjustment for different TTI length is proposed based on the recent RAN1 agreement on the minimum processing time. In the carrier aggregation scenario, we proposed a relaxation of the TA adjustment delay to the closest subframe boundary when the uplink carriers employ different TTI length within each TAG or across TAGs. Proposals made in this paper is summarized as follows.
Proposal 1. For a UE configured with the serving cell employing slot TTI, TA adjustment command received at slot N should be applied by N+8 slots.

Proposal 2. For a UE configured with the serving cell employing subslot TTI set 1, TA adjustment command received at subslot N should be applied by N+18 subslots.

Proposal 3. For a UE configured with the serving cell employing subslot TTI set 2, TA adjustment command received at subslot N should be applied by N+20 subslots.
Proposal 4. For ULCA with one or more cells employing subslot TTI, slot TTI or 1ms-TTI with shortProcessingTime, TA command received at subslot N, slot N, or subframe N is applied at the earliest subframe boundary that exceeds the minimum TA adjustment delay of the single carrier of the same TTI
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