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1. [bookmark: _Ref298777854]Introduction
In this contribution, we provide our views on latency reduction in FS2. We describe how to insert short TTIs on subframes (SFs) and present evaluation results on the enhanced frame structure 2 (FS2). We also discussed on control and HARQ feedback design for short TTI transmissions.
1. Discussion
1. Introducing short TTIs on FS2
Based on the existing FS 2, within each radio frame, a subset of subframes (SFs) are reserved for uplink (UL) transmissions, and the remaining SFs are allocated for downlink (DL) transmissions, or for special SFs, where the switch from DL to UL occurs. DL or UL SFs can be split into multiple sTTI just as in the FS1 case, if the sTTI are of the same kind as the SF. With FS 2, the latency due to frame alignment and HARQ RTT is much longer than that for FS1. As shown in Table 1, even with shortened TTIs, the latency in FS2 cannot be scaled linearly proportional to the TTI length, and it is limited to the additional waiting time due to the DL/UL configurations. Here we have assumed 10% HARQ retransmissions, and SR-based access for UL. The timing for HARQ and UL grants is N+4 TTI or higher. In order to further reduce the latency for FS 2, the existing FS 2 needs to be enhanced. 
Table 1 Average one-way latency for existing FS 2 with 10% HARQ retransmissions. SR-based access assumed for UL.
	TTI length
	FS1
	UL/DL config. 0
	UL/DL config. 1

	
	DL
	UL 
	DL
	UL
	DL
	UL

	2 symbols
	1.2ms
	1.9ms
	3.6ms
	6.9ms
	3.0ms
	7.9ms

	7 symbols
	4.2ms
	6.7ms
	8.9ms
	11.7ms
	8.3ms
	12.6ms

	14 symbols
	8.3ms
	13.3ms
	17.0ms
	22.3ms
	16.2ms
	24.7ms



Observation
· FS 2 has significantly higher latency than FS 1
Proposal
· Study latency reduction techniques for FS 2
There are several aspects to consider before looking into detailed enhancements for frame structure 2. Firstly the solution within this study item should be backwards compatible, i.e. function with older UEs and networks both at the same operator and at other operators at neighboring frequencies. 
For FS2 deployments in practice the main aspect to handle is interference between transmitter and receiver. This could be between different carrier frequencies that are neighboring or within the same network. To handle the first aspect the main approach is that all FS2 deployments that are adjacent are operating with the same UL/DL configuration and special subframe configuration together with being synchronized. To handle the second aspect it is mainly adjustment of how large GP that is applied. This has been extensively discussed in the specification of many different features in 3GPP and lately with the study of a downlink only configuration for FS2.
[bookmark: _GoBack]Further consideration should be made towards the fact that a typical operator may currently operate UL/DL configuration 1 or 2 and if the solution requires that the UL/DL configuration is changed to 0 the legacy performance is affected and the corresponding performance loss needs to be quantified.
For TDD deployment in unlicensed bands the above aspects are solved by firstly limiting the transmit power and secondly by applying LBT at both the eNB and UEs.
Another solution to mitigate the problem is to limit the solution to deployments wherein these issues never arise. This would be in isolated one operator-only scenario together with small output power. This is however a rather restricted approach. Consequently it would be of interest to understand the benefit of solutions enhancing frame structure 2 assuming backwards compatibility and considering realistic multiple operator deployments.
Proposal
· Study of changes of frame structure 2 shall assume backwards compatibility
· The loss in performance for changing from UL/DL configuration 1 and 2 to 0 for existing UE needs to be quantified
· Study shall assume a multi operator deployment scenario and the applicable deployment scenarios for the given solutions should be identified together with the potential gains. 
In the remaining part of the paper we outline different sets of solutions that may or may not be backward compatible.
0. Short TTIs on special SFs
Both DL and UL short TTIs can be introduced on special SFs. In particular, the Guard Period (GP) of a special SF can be used for UL or/and DL shorter TTI transmissions, assuming that the cell size is very small cell sizes. This further assumes that there are no macro deployments on the same frequency without sufficient isolation. 
The 72 center subcarriers on the 3rd symbol of SF1 and SF6 are reserved for Primary Synchronization Signals (PSS) transmission in FS2. Figure 1 shows an example of introducing 3 DL short TTIs and 4 UL short TTIs on a special SF with DwPTS/GP/UpPTS configuration 9 (6/6/2), when the sTTI frequency band does not contain the RBs that are used for PSS. The blue shaded resource elements in symbol 0 and 4 are reserved for Cell specific Reference Signals (CRS) to support two-antenna ports transmission. On symbol 1, four extra CRS (cross hatched) are allocated to different subcarriers to support a configuration with 4 antenna ports. In the following, “Di” and “Ui” denote the i-th short TTI in DL and UL, respectively. In this example, DMRS of U1 and U2 are multiplexed on symbol 8 by using different cyclic shifts, see [1]. In most cases, the first 1, 2 or 3 symbols of the SF are allocated to PDCCH such that the first short TTI, D1, cannot be used for data transmission.
Observation
· If the deployment scenario allows this possibility, the guard period of a special SF can be used for UL or/and DL shorter TTI transmissions
In TDD, the guard period must be large enough to allow the UE to receive the DL transmission and switch from DL to UL before it starts the timing advanced uplink transmission. In the example shown in Figure 1, with reduced GP of 1 symbol, the short TTI UE far from the base station can still be supported by scheduling this UE at U3 or U4, by using U1 and U2 as an extra guard period. It is further worth to note that in the UL capacity enhancements work item there is an objective on specify PUSCH for a given special subframe configuration.
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[bookmark: _Ref447031039]Figure 1 An example of introducing 3 DL short TTIs and 4 UL short TTIs on a special SF with DwPTS/GP/UpPTS configuration 9 (6/6/2), considering normal CP for both DL and UL.
0. Short TTIs on UL SFs
Both DL and UL short TTIs can be introduced on a UL SF. In particular, part of an UL SF can be used for DL short TTI transmissions, when this UL SF is not used for full length PUSCH, PRACH transmissions and/or PUCCH HARQ feedback. This assumes that the deployment is based on small cells. Macro deployments could potentially be considered but with good enough isolation between cells of the same network. Further there needs to be good enough isolation between neigbouring carrier frequencies as well.
Figure 2 and Figure 3 illustrate two examples on introducing DL and UL short TTIs in a UL SF. In these examples, the DL short TTIs reuse the CRS pattern, this is beneficial since then the UE can reuse the existing implementation of channel estimation. 
Observation
· If the deployment scenario allows it a possibility is to introduce a DL shorter TTIs in a uplink SF, when this SF is not used for an UL TTI transmission.
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[bookmark: _Ref447051096]Figure 2 An example of introducing 3 DL short TTIs and 4 UL short TTIs on a UL SF, considering normal CP for both DL and UL.
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[bookmark: _Ref447051100]Figure 3 An example of introducing 2 DL short TTIs and 4 UL short TTIs on a UL SF, considering normal CP for both DL and UL.
0. Short TTIs on DL SFs
Introducing UL short TTIs in a DL SF is more challenging even with no deployment constraints. Figure 4 illustrates SF0 in FS2 with normal CP for both UL and DL in one resource block. As can be seen in Figure 4, in order to avoid impact on UEs’ RRM and CSI measurements, some symbols of SF0 are blocked for uplink sTTI transmissions. For example, the blue shaded resource elements in symbols 0, 4, 7 and 11 of SF0 are reserved for CRS to support two-antenna ports transmission. For symbols 1 and 8, four extra CRS (cross hatched) are allocated to different subcarriers to support a configuration with 4 antenna ports. The 72 center subcarriers on symbols 7, 8, 9, and 10 of SF0 are allocated for Broadcast Channel (BCH) to transmit the Master Information Block (MIB). The 72 center subcarriers on symbol 13 of SF0 are reserved for Secondary Synchronization Signals (SSS) transmission in FS2When CSI-RS or CSI-IM is configured on a DL SF, some resource elements on symbols 5, 6, 9, 10, 12, and 13 are blocked for UL short TTI transmissions.
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[bookmark: _Ref447051478]Figure 4 SF 0 in FS2 with normal CP for both UL and DL
Figure 5 illustrates an example of inserting 6 DL short TTIs and one UL short TTI on SF 0, when the sTTI frequency band does not contain the RBs that are used for SSS and BCH, considering two-antenna ports transmission for UEs.
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[bookmark: _Ref447053446]Figure 5 An example of 6 DL short TTIs and one UL short TTI on SF 0, when the short TTI frequency band does not contain the RBs that are used for SSS and BCH.
When there is SIB1 transmission on SF5, only DL short TTIs can be introduced on SF5 on different frequency band of that allocated for SIB1. Moreover, the 72 center subcarriers on symbol 13 of SF5 are reserved for SSS transmission in FS2. When there is no SIB1 transmission and no CSI-RS or CSI-IM transmitted on SF5, up to two UL short TTIs of length 2 symbols can be introduced on SF5 by not scheduling UEs with normal TTI for DL transmission on this SF. Figure 6 illustrates an example of inserting 4 DL short TTIs and 2 UL short TTIs on SF 5, when the short TTI frequency band does not contain the RBs that are used for SSS. The same short TTI pattern shown in Figure 6 can be used for introducing short TTIs on other DL SFs, except from SF0, when there is no CSI-RS or CSI-IM configured for transmission on these DL SFs. When PDCCH is capacity limited, the short TTI pattern illustrated in Figure 7 can be used such that there is still flexibility to freely choose the number of symbols used for PDCCH.
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[bookmark: _Ref447095661]Figure 6 An example of 4 DL short TTIs and 2 UL short TTIs on a DL SF (exclude SF 0)
[image: ]
[bookmark: _Ref447096088]Figure 7 An example of 5 DL short TTIs and 1 UL short TTIs on a DL SF (exclude SF 0)
Observation
· If the deployment scenario allows it a possibility is to introduce a UL shorter TTIs in a DL SF in FS2, when this SF is not used for transmission of full length TTI, SSS, PSS and/or PBCH.
1. Summary
In this contribution we discussed enhancements related for frame structure 2 targetting latency reduction. Based on the discussion in the contribution we observer the following:
FS 2 has significantly higher latency than FS 1
· If the deployment scenario allows this possibility, the guard period of a special SF can be used for UL or/and DL shorter TTI transmissions
· If the deployment scenario allows it a possibility is to introduce a DL shorter TTIs in a uplink SF, when this SF is not used for an UL TTI transmission.
· If the deployment scenario allows it a possibility is to introduce a UL shorter TTIs in a DL SF in FS2, when this SF is not used for transmission of full length TTI, SSS, PSS and/or PBCH.

We propose the following:
· Study latency reduction techniques for FS 2
· Study of changes of frame structure 2 shall assume backwards compatibility
· The loss in performance for changing from UL/DL configuration 1 and 2 to 0 for existing UE needs to be quantified
· Study shall assume a multi operator deployment scenario and the applicable deployment scenarios for the given solutions should be identified together with the potential gains.
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