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1.	Introduction
In New RAT Study Item, various usage scenarios are considered while each scenario would need to meet different requirements. In this contribution, we discuss flexible TTI operation in order to support various scenarios well.

2.	Discussion
In the Study Item on New RAT (NR) [TR38.913], several usage scenarios are considered such as eMBB, URLLC, and mMTC while each usage scenario would have different requirements for its own deployment. For example, eMBB would require higher data rate while not being so sensitive from delay perspective. In the meanwhile, URLLC would be delay-sensitive and require higher reliability. 
In LTE, it is observed from the Study Item on Latency Reduction Techniques in LTE [TS36.881] that shortened TTI would be beneficial for some scenarios, e.g., smaller size of data, lower cell load, in terms of latency and throughput while the control overhead was pointed out as one of limiting factors. 
Considering the findings from the SI on LR in LTE, shortened TTI would be helpful to meet the requirement for some cases [1-4]. However, this doesn’t mean that shortened TTI would be always welcome for all usage scenarios being considered in NR. For example, shortened TTI may be attractive for URLLC scenario while normal TTI, i.e., 1ms, may be sufficient for eMBB scenario. Therefore, it seems necessary to support both of flexible TTIs in NR, i.e., shortened TTIs and 1ms TTI. Having flexible TTIs, network would have a scheduling flexibility in order to meet the different requirements of each usage scenario.
Then, here comes the questions on flexible TTIs – How does the network utilize flexible TTIs? How does the UE operate with flexible TTIs? To answer those questions, we would need to discuss first the general concept of flexible TTIs. Considering the expected gain of flexible TTIs there would be several options including the followings:
· Option 1. TTI per UE
In Option 1, the UE operates with one TTI. But, the network would change the TTI for the UE based on the service, application, or radio quality. Given that the service/application wouldn’t change so dynamically, it may be sufficient for the network to configure the UE with one TTI and to change the TTI when it needs to be changed. 
This option would be quite similar to the legacy LTE where the UE operates with one fixed TTI, hence, wouldn’t require many changes from the UE point of view.
Applying one TTI to all RBs, however, may not please the UE using a couple of applications simultaneously because the same TTI may not be optimal for all applications the UE uses.

· Option 2. TTI per radio bearer
In Option 2, the network would configure each radio bearer with its own TTI, and hence, the UE operates with multiple TTIs at one point in time. In order to process/transmit data of a RB according to its TTI, a MAC PDU would include only the data from RBs with the same TTI. Therefore, for the sake of simplicity, a MAC entity may be associated with RBs with the same TTI. 
The gain of this option would be that an optimal TTI can be applied to each RB depending on the requirement of the service for the RB. For example, shortened TTI is applied to an RB which is for URLLC while 1 ms TTI is applied to an RB which is for eMBB. 
However, multiplexing gain may be reduced because a MAC PDU would include only data from RBs with the same TTI. In addition, assuming that multiple TTIs are supported in one cell, UL grant or DL assignment may need to indicate its associated TTI so that the UE can generate/receive the MAC PDU based on the TTI supported by the UL grant or DL assignment. 

· Option 3. TTI per PDU
In Option 3, the UE operates with one TTI for each MAC PDU. In other words, the TTI can be changed per PDU, which could be realized by indicating the TTI via UL grant or DL assignment. Then, the network would indicate the TTI of each MAC PDU by taking the service, application, or radio quality into account. 
This option can adapt the TTI to the radio quality fast, and hence, this option has benefit in case the radio quality changes dynamically. 
Similar to option 1, this option couldn’t maximize the benefit of having flexible TTIs because one TTI may not be optimal for all RBs. And, UL grant or DL assignment may need to indicate its associated TTI as option 2. In addition, this option may be complex for the UE to operate with multiple TTIs. For example, it may not be easy to process all RBs for a MAC PDU with TTI=1ms while processing those RBs for another MAC PDU with TTI=0.1ms. 

Option 1 and 3 seem sufficient in case the UE uses the services that require the same optimal TTI. However, Option 2 would be beneficial if the UE uses multiple services that require different optimal TTIs depending on its requirement. In this sense, Option 2 is well aligned with the agreement in RAN2 #94 that “NR UP protocol stack supports maintaining of multiple parallel "logical channels" that can be configured with different characteristics and priorities.”
Option 3 may bring some benefit to cope with dynamic radio conditions, but it may not be a prime reason of having flexible TTIs considering that the original intention would be to support multiple services based on its own optimal TTI. Therefore, we think option 1 and 2 could be discussed further for supporting flexible TTIs. 
Proposal : Flexible TTI is supported per UE basis or per RB basis in New RAT Study Item.

3.	Conclusion
In this contribution, we discussed support of flexible TTIs and have following proposal:
Proposal : Flexible TTI is supported per UE basis or per RB basis in New RAT Study Item.
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