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1. Introduction
At the RAN#67 meeting, a study item on latency reduction techniques for LTE was approved [1]. 

	The objective of this study item is: 

· Study enhancements to the E-UTRAN radio system in order to: 

· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE

· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).  

[…]

· From RAN1#83: TTI shortening and reduced processing times [RAN1]:

· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);


In our companion papers [2-3], we provide our current views on channel/RS structures for DL and UL, respectively. In this contribution other aspects are discussed.

2. Potential challenges on TTI shortening and the possible solutions
TTI shortening would create various open issues to be resolved. We discuss the potential issues for TTI shortening. Expected specification impacts for the possible solutions are also discussed.
2.1. Overhead increase
In this SI, it would be straightforward to consider that the subcarrier spacing is kept unchanged even for short-TTI. This implies that shorter-TTI includes smaller number of OFDM symbols per TTI. As the TTI length becomes shorter, the number of available REs within a TTI becomes smaller. On the other hand, a certain number of REs needs to be allocated to RS and control channels. These overhead becomes higher in the short-TTI operation. In addition, with short-TTI having a small number of OFDM symbols, higher-order MIMO (4 or 8 layers) may not be available due to the lack of resource. This implies that the latency reduction effect by the TTI shortening is obtained at the cost of user peak data rate.
One possible approach is to support dynamic indication between short-TTI and 1ms TTI, e.g., TTI length is determined per subframe basis. During TCP slow-start phase, eNB schedules DL/UL data on short-TTI to minimize the latency, while afterwards, 1ms TTI is utilized to optimize the overhead or to apply higher-order MIMO. The dynamic change of TTI length may require defining how the UE identifies the TTI-length of particular time duration, how HARQ/scheduling timing changes, etc.
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Fig. 1
Dynamic change of TTI lengths.
Another possible approach is to configure carrier aggregation or dual connectivity of multiple serving cells having different TTI length. For example, data scheduling on the primary cell is carried out per short-TTI, while that on the secondary cell is carried out per 1ms TTI. This enables reducing latency by using the primary cell while boosting data rate by using the secondary cell (see Fig. 2). In other words, by the combination of short-TTI and CA/DC, both peak data rate and latency can be improved simultaneously. In case of CA with PUCCH on PCell only, HARQ/scheduling timing between serving cells having different TTI lengths would require similar specification impacts as in dynamic change of TTI length within a serving cell. In case of CA with PUCCH on SCell or in case of DC, the serving cells having different TTI length can simply be separated into different cell-groups or PUCCH-groups, which could make the specification impact smaller.
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Fig. 2
CA or DC using serving cells with different TTI length.
Note that for CA/DC using serving cells with different TTI length, opposite configuration is also useful in some cases, e.g., 1ms TTI is configured to the primary cell to ensure the connectivity, while short-TTI is configured to the secondary cell to achieve latency reduction gain. The primary cell with 1ms TTI can be macro cell and the secondary cell with short-TTI can be small cell (see Fig. 3).
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Fig. 3
Another configuration of CA or DC using serving cells with different TTI lengths.

Observation 1:
· Overhead increase due to smaller number of symbols per TTI will be a concern of TTI shortening.

· This could be resolved or alleviated by allowing dynamic change of TTI lengths, or by configuring CA or DC of serving cells having different TTI lengths.

· For dynamic change of TTI lengths,

· TTI length determination/indication and HARQ/scheduling timing change need to be considered.

· For CA or DC of serving cells having different TTI lengths,

· Aggregating multiple serving cells having different TTI lengths within a cell-group or within a PUCCH-group require similar specification impacts to those for dynamic change of TTI lengths.

· Separating serving cells having different TTI lengths into different cell-groups or PUCCH-groups will have less specification impacts.
2.2. UL coverage reduction
As we discussed in [3], required SNR of PUCCH will be higher due to the reduction of the number of symbols per PUCCH in a short-TTI, which results in UL coverage reduction. The impact of UL coverage reduction should be minimized so that the connectivity is maintained even when short-TTI is utilized.
For the UL coverage reduction issue, dynamic change of TTI lengths can be a potential solution; this would cover fallback mechanisms to 1ms TTI. In case of power-limited or coverage-limited situation, the TTI length is changed to 1ms. Such fallback mechanism can keep the UL coverage as in legacy 1ms TTI while reducing the latency as long as there is no problem on the UL coverage.

Another solution is the different TTI lengths between DL and UL (see Fig. 4). Due to the longer TTI in the uplink, the latency reduction effect by TTI shortening would be reduced in this case because UL 1ms TTI will be a limiting factor of latency reduction; however, the UL coverage can be ensured. The expected specification impacts of different TTI lengths between UL and DL would be similar with dynamic change of TTI length and CA using multiple serving cells with different TTI lengths within a PUCCH group.
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Fig. 4
Different TTI lengths between downlink and uplink.
Observation 2:

· UL coverage limitation due to smaller number of symbols per TTI will be a concern of TTI shortening.

· This could be resolved or alleviated by allowing dynamic change of TTI lengths, or by configuring different TTI lengths between downlink and uplink.
2.3. Reduced effect of TTI shortening for TDD
Current LTE supports 5ms and 10ms UL-DL switching periodicities for TDD. In TDD, synchronization is essential to avoid severe inter-link interference. Even with the short-TTI, these UL-DL switching periodicities may need to be kept as the SID clearly states ‘backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier)’. Hence, in TDD, latency reduction effect by TTI shortening may be smaller than that in FDD.
Observation 3:

· For TDD, 5ms or 10ms UL-DL switching periodicity should be maintained and hence, effect of latency reduction by TTI shortening may be smaller than that in FDD.

· FFS whether/how to improve the effect of latency reduction in TDD.
2.4. Combination of short-TTI and other LTE features
Many LTE features have been introduced assuming 1ms TTI so far. In this SI, from both network and UE viewpoints, the combinations of short-TTI and other existing LTE features should carefully be investigated. From network point of view, the question is whether/how to support short-TTI operation and other LTE features such as CA, eICIC, DC, CoMP, eIMTA, D2D, LAA, etc simultaneously, in the same serving cell. According to the SID statement referred in section 2.3 above, parallel operations of short-TTI and other LTE features on the same carrier shall be available. From UE point of view, the question is whether/how to apply short-TTI operation in combination with these other LTE features. As is already described in Section 2.2, applying short-TTI to CA or DC will have benefit to increase data rate and reduce the latency simultaneously. For other LTE features, needs and benefits should be FFS.
Observation 4:

· Relationship between TTI shortening and other LTE features should carefully be investigated.

3. Conclusion
In this contribution we provide our views on short-TTI for latency reduction except for DL and UL channel/RS designs. Our observations are summarized as follows.
Observation 1:

· Overhead increase due to smaller number of symbols per TTI will be a concern of TTI shortening.

· This could be resolved or alleviated by allowing dynamic change of TTI lengths, or by configuring CA or DC of serving cells having different TTI lengths.

· For dynamic change of TTI lengths,

· TTI length determination/indication and HARQ/scheduling timing change need to be considered.

· For CA or DC of serving cells having different TTI lengths,

· Aggregating multiple serving cells having different TTI lengths within a cell-group or within a PUCCH-group require similar specification impacts to those for dynamic change of TTI lengths.

· Separating serving cells having different TTI lengths into different cell-groups or PUCCH-groups will have less specification impacts.
Observation 2:

· UL coverage limitation due to smaller number of symbols per TTI will be a concern of TTI shortening.

· This could be resolved or alleviated by allowing dynamic change of TTI lengths, or by configuring different TTI lengths between downlink and uplink.
Observation 3:

· For TDD, 5ms or 10ms UL-DL switching periodicity should be maintained and hence, effect of latency reduction by TTI shortening may be smaller than that in FDD.

· FFS whether/how to improve the effect of latency reduction in TDD.
Observation 4:

· Relationship between TTI shortening and other LTE features should carefully be investigated.
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