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1 Introduction

During RAN1 #84bis there was significant amount of discussion around FS2 related enhancements. The conclusions from the discussion were to capture a single company’s results in the TR and associated observations based on the results. In addition to this new simulation scenarios were agreed to target particular FS2 related enhancements.

In this contribution we discuss the gains with related to short TTI operation for FS2 and also discuss the applicable deployment scenarios for sTTI operation in general for FS2.
2 Discussion

During RAN1 #84bis multiple solutions enhancements for FS2 was discussed. Here we try to categorise the different enhancements to further outline the targeted deployment scenarios and understand gains and implications by the different solutions.

Solution #1

Shortened TTI is introduced in both DL and UL subframes in a similar manner as for FS1 and in addition in the DwPTS in the special subframe. This can be directly extended for each UL/DL configuration and the assumption is that no new switching point is introduced.

Solution #1a

The solution is very similar to solution #1 with the addition that short sTTI is introduced for UL in the existing special subframes. By that it becomes possible to transmit sPUSCH or sPUCCH within the special subframe configurations.

Solution #2

Legacy TTI is used but it is assumed that the processing time is reduced for DL and UL processing without any restrictions on the data rates in either UL or DL. 

Solution #3

Shortened TTI is introduced in both DL and UL subframes and additional switching points are defined. The additional switching points are added in UL subframes.

Solution #4

Shortened TTI is introduced in both DL and UL subframes and additional switching points are defined. The additional switching points are added in DL and UL subframes.

2.1 Deployment scenarios

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. These aspects were significantly discussed during RAN1 #84bis. This resulted in that for the agreed evaluation results two main scenarios are considered, i.e. 

· Evaluation/analysis assumes the following deployment scenarios for TDD 

· Case 1: Single operator owns the entire band

· The operator can align or change the DL/UL configuration including additional subframe type (if introduced)

· Case 2: Different operator sharing one band can coordinate

· The operators align the DL/UL configuration including additional subframe type (if introduced)

· For the evaluation, backward compatibility shall be maintained

Further from the RAN1 evaluations it is concluded that RAN1 will not do the following:

· RAN1 would not evaluate other deployment scenarios requiring inter-operator coexistence analysis in this SI

The above agreements were to guide the evaluations. Here we instead focus on the applicable deployment scenarios and restrictions that would be needed for each specific solution outlined above. We note that in practical FS2 deployment operators have usually aligned UL/DL configurations between them. The configurations are further usually fixed and not change dynamically in addition. 

We note that solution #1 can be deployed in any FS2 deployment as it will not create any specific co-existence issue. In addition to that, the existing UL/DL configuration can be directly reused. The same conclusion applies for solution #1a with the assumption that guard period between cells is sufficiently large. There will however be need to coordinate within each cell the transmission of sPUSCH, sPUCCH, PRACH and SRS within the UpPTS. It is obvious further that solution #2 can be operated within any deployment and do not cause any co-existence issue since only legacy TTI is used. The main open issue with solution #2 is if it’s practically feasible to simply decrease the processing time at the UE and eNB. Based on previous discussions in 3GPP RAN1 this does not seem possible.

For solution #3 we assume firstly that the different operators within a band use the additional switching points in an uncoordinated manner, even though the UL/DL configurations as such are aligned among neighboring operators. In such a case it is noted that DL transmission in an UL subframe from one operator’s network will create co-existence problems with a neighbor operator’s UL subframe. 
If an operator is the single operator in an entire band this issue can be removed. It is noted however that this is not a common deployment worldwide and further input from operators is needed to highlight the benefits of defining a solution for such a narrow use-case. Another option is that all operators align the additional switching points in addition to aligning their UL/DL configuration. This would be equivalent to introducing a new UL/DL configuration. If the UL/DL configuration is selected dynamically but coordinated between different operators further details on how to do this would be needed to be studied. It is noted also that such solution would be needed to be evaluated most likely by RAN2 and RAN3 as it may involve signaling between the networks of different operators. Assuming that all of this is feasible it still remains a problem to support UEs in the system that do not support sTTI operation (legacy UEs or not legacy UEs). Indeed, with solution #3, UEs not supporting sTTI cannot use subframes that contain additional switching points. The consequence is that these UEs will be significantly limited in scheduling possibilities and there will be a trade-off directly in latency between UEs non supporting sTTI and UEs supporting sTTI with solution #3.

The analysis is very similar for solution #4 as for solution #3 with the addition that legacy UEs cannot be supported if CRS are removed due to the introduction of additional switching subframes. Further solution #4 will further restrict performance of UEs not supporting the additional switching subframes as the available subframes for scheduling will be even less.

Observations:

· The following set of solutions is possible to support from a network co-existence perspective:

· sTTI operation for DL, UL, DwPTS and UpPTS

· shortened processing time for PDSCH and PUSCH

· Additional switching subframes can result in significant performance decrease on UEs not supporting additional subframe types

· Additional switching subframes can only be used in the following deployment scenarios

· A single operator owns the entire band

· All operators within the band have coordinated position of the subframes with additional switching point and the length of DL and UL parts in these subframes.

· Further assessment is needed to outline what is needed from the standard to support this.
2.2 Latency evaluations
To evaluate the latency benefits with the above options we have conducted a latency study for the different options. The average latency for TDD configuration 1 and 0 was calculated with the introduction of short TTIs. In the delay, 10% HARQ retransmissions are included. The processing delay for SR to UL grant, UL grant to UL data, DL data to DL HARQ, UL data to UL HARQ, and for data preparation in UE and eNB was set to the same value. The first available transmission resource was used after the processing delay. The processing is set in TTI, and is thus shorter for a shorter TTI length.

We can compare introducing shorter TTI in TDD with keeping legacy TTI and reducing processing time only. As can be seen in Figure 1 and in Table 1, reducing processing time with legacy TTI does indeed give a good latency improvement. But, both the DL and UL latency can be significantly further reduced with shorter TTI, even if the processing is longer in terms of TTI.

Observation

· Shorter TTI gives higher latency reduction compared to legacy TTI with reduced processing time.
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Figure 1. Average one-way latency for DL and UL (SR-based) with different processing. TDD conf. 1.
Table 1. Average one-way latencies for short TTI in TDD conf. 1 for different processing delays.
	
	14 symbol TTI
	7 symbol TTI
	2 symbol TTI

	
	3 TTI processing
	1 TTI processing
	3 TTI processing
	1 TTI processing
	3 TTI processing

	DL
	16.2ms
	8.2ms
	8.3ms
	4.5ms
	3.0ms

	UL (SR-based)
	24.7ms
	13.6ms
	12.6ms
	9.8ms
	7.9ms


Another interesting comparison is between just splitting the subframe (SF) into multiple short TTIs of the same sort, e.g. a DL SF into 6 DL short TTIs of 2 symbols each, or introducing a new SF structure that contains an additional switching point, e.g. a UL SF is transformed into 3 DL short TTIs of 2 symbols followed by 3 UL short TTIs of 2 symbols. In the case of new SFs, the short TTIs pattern is introduced in a backwards compatible way with one switching point per SF. We add switching points in either both DL and UL, or only in UL, and we also introduce sPUSCH and sPUCCH in the UpPTS of special subframes. For 7 symbols TTI it is not possible to add switching points in DL subframes. 

The average one-way latencies for both UL and DL transmissions are shown in Figure 2 and Figure 3, for configuration 0 and 1, respectively. The results shown in Figure 2 and Figure 3 are summarized in Table 2 and Table 3. As can be seen, the added gain from additional switching points is only important for UL and only when going to the lowest TTI lengths. Here we have assumed processing times that do not linearly down-scale with TTI length: 7 TTI for 2os, 4 TTI for 7os, and the legacy 3 TTI for 14os, as discussed in [1]. 
Observation 

· Shorter TTI gives good latency reduction also without the introduction of new switching points.
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Figure 2. Average one-way latency for DL and UL (SR-based) for the case of legacy SF structure and new SF structure. TDD conf. 0.
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Figure 3. Average one-way latency for DL and UL (SR-based) for the case of legacy SF structure and new SF structure. TDD conf. 1.
Table 2. Average one-way latencies in TDD conf. 0

	
	14 symbol TTI
	7 symbol TTI
	2 symbol TTI

	
	D,S,U,U,U 
	D, S, U, U, U 
	D, A, U, U, U
	D, A, A, A, A
	A, A, A, A, A
	D, S, U, U, U 
	D, A, U, U, U
	D, A, A, A, A
	A, A, A, A, A

	DL
	16.8ms
	10.9ms
	11.2ms
	10.0ms
	10.0ms
	5.8ms
	6.2ms
	4.8ms
	4.8ms

	UL (SR-based)
	23.5ms
	13.8ms
	14.1ms
	13.2ms
	13.2ms
	8.4ms
	8.0ms
	7.0ms
	6.6ms


Table 3. Average one-way latencies in TDD conf. 1

	
	14 symbol TTI
	7 symbol TTI
	2 symbol TTI

	
	D,S,U,U,D 
	D, S, U, U, D
	D, A, U, U, D
	D, A, A, A, D
	A, A, A, A, A
	D, S, U, U, D
	D, A, U, U, D
	D, A, A, A, D
	A, A, A, A, A

	DL
	16.2ms
	10.3ms
	10.5ms
	10.0ms
	10.0ms
	5.2ms
	5.5ms
	4.8ms
	4.8ms

	UL (SR-based)
	24.7ms
	13.8ms
	13.5ms
	13.6ms
	13.6ms
	9.3ms
	8.9ms
	8.9ms
	6.4ms


3 Conclusion

In this contribution we discuss the different FS2 related enhancements and observe the following:
· The following set of solutions is possible to support from a network co-existence perspective:

· sTTI operation for DL, UL, DwPTS and UpPTS

· shortened processing time for PDSCH and PUSCH

· Additional switching subframes can result in significant performance decrease on UEs not supporting additional subframe types

· Additional switching subframes can only be used in the following deployment scenarios

· A single operator owns the entre band

· All operators within the band have coordinated position of the subframes with additional switching point and the length of DL and UL parts in these subframes.

· Further assessment is needed to outline what is needed from the standard to support this.

· Shorter TTI gives higher latency reduction compared to only reducing processing time.

· Shorter TTI gives good latency reduction also without the introduction of new switching points.

Based on the observations we propose the following:
· Recommend to support at least an sTTI length of 2 OFDM symbols for DL and UL for FS2

· Recommend to introduce sPUSCH and sPUCCH in UpPTS
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