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In protocol evaluations, the potential gains in terms of increased download throughput and reduction of download time for reduced latency in LTE has been performed and evaluated. 
For TCP, and TCP slow start specifically, results show that reduced UL latency, shorter RTT and HARQ RTT can have a positive impact on TCP performance depending on cell load and L1/L2 overhead. This is due to the fact that the receiver may acknowledge TCP packets faster which enables a faster increase in the TCP window size. Latency reduction has shown a positive impact on both TCP congestion avoidance mode and in TCP slow start phase. 
As the initial window size for each TCP connection is very small and the increase is steeper for each size increment, the effect of latency reductions for both RTT and HARQ RTT are more considerable for the slow start phase. This impact is large for small file sizes, especially where the slow start period lasts for the entire duration of the file transfer (how long the phase lasts depends on TCP congestion control algorithm and parameters). For larger file sizes, the proportion of the slow start phase of the whole file is smaller if packet losses can be avoided. 
Furthermore, the following high-level observations have been obtained:
For TTI shortening, the potential gain depends on the following aspects:
-	Delays in the core network and Internet also impact the UE perceived throughput. If these delays dominate over radio network delays, latency reduction techniques will be less efficient.
-	In high loaded cells, or in situations where the available scheduled Uu bitrate is low, e.g. due to radio conditions, user data is queued before transmitting. This has an impact on User Throughput. In these scenarios, efforts to reduce radio latency will be less important as the limited availability of UL resources may result in reduced performance as the queuing delay dominates over the radio delay.
-	By reducing the TTI length, the network can schedule the UE faster, which reduces the RTT. A reduction in RTT increases the TCP throughput. A reduction of TTI length may also increase the system capacity for small data transmission.
- 	For file transfers using TCP, the amount of UPT gain provided by shorter TTI may decrease with larger file size.
-	With reduced TTI length, the processing time may be reduced with a resulting scaling of the RTT and HARQ RTT. Shortening the TTI gives a larger latency reduction effect compared to only shortened processing time(s).
-	A reduction of TTI length may require additional L1 overhead e.g. CRC, RS, DCI, UCI and result in a relative increase of L2 headers. Increased overhead will to some extent limit the User Throughput gain from TTI reduction.
-	Shorter TTI can enable quicker HARQ and CSI feedback, which may give faster link adaptation to channel conditions. Gain can be observed for the UE perceived throughput as well as median delay.
For fast uplink access: 
-	An enhancement to SPS to allow for periodic UL grants every TTI (Fast UL) reduces the latency of the first UL transmission compared to legacy intervals, and performs equally well compared with SR every 1ms with lower control channel load. Fast UL improves User Throughput also with shorter TTI, although the relative gain is smaller compared to longer TTIs.
-	An enhancement of UL grants allowing the UE to skip padding transmissions in grant if it has no UL data in the UE buffer is beneficial as it may decrease UL interference and improve UE battery efficiency.
-	The gains of acknowledged activation/deactivation of SPS has not been established and needs to be discussed further in a work item phase.
SR based PUSCH transmission and the pre-scheduling scheme allowed by current specifications could give more predictable delay performance whereas the delay of contention based PUSCH transmission are sensitive to the collision probability, which is subject to the number of UEs sharing the same PUSCH resource (e.g. depends on the cell load) and the UE’s traffic arrival interval. Contention based PUSCH transmission allows more efficient PUSCH resource utilization compared to the pre-scheduling scheme, but with increased uplink latency if collision occurs. When the collision probability is low, the increase in uplink latency is small. In this case the PUSCH resource utilization is lower than that of the SR based PUSCH transmission because the contention based PUSCH resources reserved for the UEs may not be used. 
It would be beneficial if the NB can identify the UE that performed the PUSCH transmission even when collision happens, e.g. by different DMRS Cyclic Shift. RAN2 evaluation for contention based PUSCH transmission assumes that the eNB can always detect the DMRS resources whenever there are transmissions from UEs, but the actual performance would depend on success rate of DMRS resource detection, which should be studied by RAN1.
For handover latency reduction:
-	The following steps contribute to a major portion of total handover delay and can be addressed for possible latency reduction:
-	RACH procedure including delay to acquire first available PRACH in target cell, PRACH preamble transmission and UL allocation + TA,
-	UE processing time after RA procedure including decoding of scheduling grant and timing alignment + L1 encoding of UL data, and transmission of RRCConnectionReconfigurationComplete.
- 	Two potential solution directions which may be beneficial were identified during the study. The feasibility of these solutions has not been studied by other WGs. No further work is expected in this study.
10.2	RAN1 Shortened TTI and reduced processing time
In the work link level evaluations, system evaluations and design aspects have been considered. The main aspect of the study is shortening the TTI length and reducing the processing time.
The observations from the system level results are given in section 9.4. The system evaluations show that shortening TTI length can have great benefits in terms of user perceived throughput and latency. In all sources with non-negligible control overhead benefits are not always present but certain situations are found to be favourable to observe gains with TTI shortening. With small file sizes (100kbit, 100kB), shortening TTI length improves significantly the performance of all UEs at low to medium load, while mostly good UEs and cell-center UEs benefit from TTI shortening at high load. With medium file size (500kB), cell-edge UEs have little benefit or may even experience performance degradation in all load points, but good UEs and cell center UEs benefit for most load points. With large file size (1MB), only cell center UEs benefit from shortening TTI length. 

The gains with introducing an additional subframe type for FS2 was studied and is further outlined in section 9.4. 
The observations from the link level results are given in section 9.5. Link level evaluations show that sPDSCH, sPDCCH, sPUSCH and sPUCCH has tolerable performance with short TTI operation.
In section 8.5 a set of design recommendations are given as output of the study.
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