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1. Introduction
Existing maximum received timing difference (MRTD) requirement may result in the substantial reduction in the processing time for a carrier with sTTI in the presence of the additional timing advance [1]. Accordingly, RAN4 has sent an LS [2] to RAN1 addressing the issue and asking to consider maximum TA and MRTD together and inform RAN4 of any outcome of maximum TA advance discussions.
In the last RAN1 #90bis meeting, RAN1 has reached an agreement on the maximum timing advance value and the additional restriction on the maximum reduction in LTE processing time in sTTI, and sent out the corresponding LS to RAN4 [3].
In this paper, we propose the MRTD requirement for sTTI and the reduced processing time with proper side condition based on the recent RAN1 agreement. 
2. Discussion
RAN1 LS has provided the minimum processing time and the maximum TA for each TTI as shown in the below table.

Table 1. Minimum processing time assumption (i.e. N+x) and TAmax for reduced processing time and shortened TTI [3]

	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

	Subslot TTI Set 1
	N+4 

N+6
	2048*Ts for N+4

10816*Ts for N+6

	Subslot TTI Set 2
	N+6

N+8
	5120*Ts for N+6

13888*Ts for N+8


RAN1 has also agreed on the additional restriction in the maximum time difference between the earliest UL and the latest DL in the CA scenario to ensure the LTE processing is not reduced by more than the maximum allowed timing advance in each carrier.
· The gap between first UL and latest DL carrier is less than TAmax (expected impact on 3GPP TS 36.133). Details FFS.

In the last few meetings, RAN4 has been discussing the maximum received time difference (MRTD) requirement for the CA scenario in the presence of the carriers with slot-TTI or subslot-TTI, yet no agreement has been made so far. Some companies proposed to re-use the existing MRTD requirement of 30.26us since the MRTD is determined by the network deployment/topology which may not depend on the TTI length of the carrier. However, companies also shared the concern that mandating the existing MRTD requirement of 30.26us defined for 1ms-TTI in the presence of the maximum TA value defined for 1ms TTI may result in the substantial reduction in LTE processing time of the carrier with the slot/subslot-TTI. 
Now that RAN1 has defined the new maximum TA values for slot/subslot TTI along with the agreement on the additional restriction in the maximum UL/DL carrier time difference, our view is that RAN4 is ready to define the MRTD requirement for the CA scenario with slot/subslot TTI carriers by introducing the appropriate side condition. To this end, we propose the following MRTD requirement for the short TTI and the reduced processing time.  
Proposal 1. A UE configured with one or more serving cells that employ the sub-slot TTI, slot TTI, or 1ms-TTI with shortendProcessingTime shall be capable of handling the relative received time difference of up to 30.26us between any pair of the serving cells provided that the time difference between the earliest uplink carrier and the latest downlink carrier does not exceed TAmax of any of the serving cells, where TAmax of a serving cell is given by 
· 66.67us if the serving cell employs the sub-slot TTI set 1 with N+4 processing timeline, and
· 166.67us if the serving cell employs the sub-slot TTI set 2 with N+6 processing timeline, and
· 200us if the serving cell employs the 1ms-TTI and configured with shortProcessingTime, and
· 309.90us if the serving cell employs the slot TTI, and
· 352.08us if the serving cell employs the sub-slot TTI set 1 with N+6 processing timeline, and
· 452.08us if the serving cell employs the sub-slot TTI set 2 with N+8 processing timeline
Lastly, even in the legacy LTE without sTTI, intra-band non-colocated CA deployment should be considered invalid due to the limitation of the shared RF. Therefore, UE is not expected to see a large received time difference across the downlink carriers when configured with the intra-band CA. To this end, we propose to introduce the MRTD requirement for sTTI only for the inter-band CA case.
Proposal 2. MRTD requirement for sTTI and the reduced processing time is introduced only for inter-band CA 
3. Conclusions

In this paper, we proposed the MRTD requirement for sTTI and the reduced processing time based on the recent RAN1 agreement [3]. The proposals made in this paper is summarized as follows:
Proposal 1. A UE configured with one or more serving cell(s) that employ(s) sub-slot TTI, slot TTI, or 1ms-TTI with shortendProcessingTime shall be capable of handling the relative received time difference of up to 30.26us between any pair of the serving cells provided that the time difference between the earliest uplink carrier and the latest downlink carrier does not exceed TAmax of any of the serving cells, where TAmax of a serving cell is given by 

· 66.67us if the serving cell employs sub-slot TTI set 1 with N+4 processing timeline, and

· 166.67us if the serving cell employs sub-slot TTI set 2 with N+6 processing timeline, and

· 200us if the serving cell employs 1ms-TTI and configured with shortProcessingTime, and

· 309.90us if the serving cell employing slot TTI, and

· 352.08us if the serving cell employs sub-slot TTI set 1 with N+6 processing timeline, and

· 452.08us if the serving cell employs sub-slot TTI set 2 with N+8 processing timeline

Proposal 2. MRTD requirement for sTTI and the reduced processing time is introduced only for inter-band CA.
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