[bookmark: _Ref284200431]3GPP TSG RAN WG1 Meeting #83				    			 R1-157110
Anaheim, USA, 16-20 November 2015

[bookmark: _Ref178064866]Source:	ETRI
Title:	Discussion on TTI shortening 
Agenda item:	6.2.9.2
Document for:	Discussion
Introduction
At the RAN meeting #67, a new SID of LTE Latency Reduction is approved. The objectives of SID in a point of view of RAN1 is follows [1];

1) From RAN1#83: TTI shortening and reduced processing times [RAN1]:
a) 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 signalling 
b) backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);

In this paper, we focus on discussion of the specification impact of TTI shortening and various assumptions on processing times.

Discussion on shortened TTI
Throughout a study have been made in RAN2, potential gains of TTI shortening has been provided [2]. In the study, potential gains in terms of increased download throughput and reduction of download time have been evaluated. Many results in the study show performance gains in the user perceived throughput due to the shortened TTI.

Candidates of short-TTI
In the study, various types of shortened TTI (short-TTI) have been considered. The list of considered shortened TTI types is follows [2]:
1) Slot
2) 1 symbol
3) 2 symbols
4) 3 symbols
5) 0.1ms

In order for further study in RAN2, especially on feasibility and performance of TTI shortening, we considered a few aspects on the shortened TTI types such as subframe alignment, protocol overhead, specification works, and performance.

Subframe alignment

For backward compatibility, OFDM numerology of the legacy LTE should be preserved. A shortened TTI candidate with 0.1ms is not implementable with the current OFDM numerology and requires large amount of efforts including re-definition of a baseline OFDM numerology for 0.1ms TTI to implement it.

In addition to the OFDM numerology, a subframe structure shall also be preserved in the carrier that supporting the shortened TTI, and therefore shortened TTIs need to be aligned with subframes. Otherwise, inefficiency would be occurred due to remaining symbols. 

As in Figure 1, shortened TTIs with 2 symbols can fitted well into a subframe for DL (in case of 2 PDCCH symbols)/UL. However, a short-TTI candidate with 3 symbols is not well fitted into a subframe for UL (as in (d)). 



Figure 1 – Examples of shortened TTI candidates with 2 and 3 symbols.
(a) 2 symbols TTI DL (2 PDCCH symbols) (b) 2 symbols TTI UL
(c) 3 symbols TTI DL (2 PDCCH symbols) (b) 3 symbols TTI UL

Observation 1 : Shortened TTI candidates with 3 symbols and 0.1ms are less feasible in terms of subframe alignment and OFDM numerology.

Protocol overhead

Operations of shortened TTI may requires additional overheads such as control channels (for resource assignment and HARQ feedback), DM-RS, and etc. During the RAN2 study, companies have assumed L1 overheads as some numbers such as 10~50% and expected that the overhead would be increased for smaller TTIs.

During the RAN1 study, the additional overhead may be further specified with more detailed designs and assumptions on the PHY layer and shortened TTI candidates with high L1 overhead (more than 50%) and showing negative performance gain would be avoided. 

In our very primitive observation, 1 symbol TTI has more overheads than other types and the most significant source of the overhead is the DM-RS in the UL. As in Figure 2, even if an interleaved DM-RS pattern of every other REs (50% of subcarriers in a symbol) is used, overhead of DM-RS is 50% for 1 symbol TTI, whereas the overhead is 25% for 2 symbols TTI.



Figure 2 – Examples of DM-RS of shortened TTI candidates
(a) 1 symbol TTI (b) 2 symbols TTI


Observation 2 : A shortened TTI candidate with 1 symbol has higher physical layer overhead than other candidates (DM-RS takes 50% of REs even if the interleaved DM-RS pattern is used).

Specification impacts

In a point of view of design efforts, reusing physical channels in the legacy LTE specifications as much as possible may be preferred for RAN1 study. From this view, a shortened TTI candidate with slot-length (Slot-TTI) can reuse many designs in the legacy LTE specifications such as CRS/DM-RS patterns, control channels (PDCCH/PHICH in the even slots, PUCCHs), and etc.

Observation 3 : A shortened TTI candidate with slot-length is most promising to reuse physical channels and design philosophies in the legacy LTE specifications.

Performances

The performance gain (or, latency reduction) of a shortened TTI with slot-length was not so much compared to more shorter TTI (such as shortened TTIs with 1/2/3 symbols) in the many simulation results [3][4]. 

In addition to the higher layer evaluation results, short-TTIs below slot-length can have benefits in the physical layer performances such as enhanced channel estimation in high mobility scenario and improved link adaptation due to shorter HARQ RTT.

Observation 4 : Performance gains of shortened TTI candidates increase with the decreased length of TTI without considering the additional L1 overhead. Slot-TTI shows less performance enhancement than other types of shortened TTIs.

Physical channels supporting short-TTI
There are many physical channels for various purposes (DL/UL assignment, dedicated data transmission/reception, system information delivery, synchronizations, CSI/HARQ feedback transmission, random access, and etc.) in the legacy LTE specification. 

In our view, data transmissions and receptions are most essential functionalities for the purpose of latency reduction. Another important functionalities are DL/UL assignment and HARQ feedback which help to fully achieve the performances of shortened TTI. Other functionalities (such as random access, system information delivery, etc.) having less impacts on the latency performance of data transmissions can be done by the legacy channels (e.g. PDCCH/PDSCH, PBCH, PRACH, etc.). There are two possible ways to design/enhance physical channels for supporting the shortened TTI.

Option 1: To newly design DL/UL data channels (e.g. sPDSCH and sPUSCH) supporting the short-TTI. DL/UL assignments/feedback for those data channels may be done by the legacy channels (e.g. (E)PDCCH, PHICH, and PUCCHs).

Option 2 : To newly design DL/UL data channels (e.g. sPDSCH and sPUSCH) and also control channels for DL/UL assignments and feedback delivery (e.g. sPDCCH and sPUCCH) supporting the short-TTI.

Observation 5 : At least data channels need to support shortened TTI. And it depends on the designs whether support shortened TTI functionalities in control channels or not.

In the design, either way of Option 1 or Option 2 is possible. However, with the absence of assignments and feedback delivery, HARQ RTT can be increased. Figure 3 provides an exemplary comparison of HARQ RTT of Option 1 and Option 2.



Figure 3 – HARQ RTTs. (a) Option 1, (b) Option 2

Observation 6 : For smaller HARQ RTT, it is better to design control channels to support shortened TTI functionalities such as DL/UL assignment and HARQ feedback.

Operation of Shortened TTI
The work scope of the SID includes the backward compatibility and from this requirement, pre-Rel-13 UEs need to be served in the same carrier (which supporting the shortened TTI). There are two possible operation options for eNB and UEs to support the shortened TTI in the subframe structure as in Figure 5.

Option a : eNB semi-statically assigns DL/UL short-TTI regions to UEs supporting short-TTI. Control and data channels supporting shortened TTI are in the short-TTI region inside.

Option b : eNB dynamically assigns DL/UL resources for data delivery in the entire frequency. eNB semi-statically assigns control regions for DL/UL assignment and HARQ feedback delivery.



Figure 4 – Short-TTI operations. (a) Option a, (b) Option b

Observation 7 : To support the operation of shortened TTI, either the short-TTI region (including control and data channels) or the short-TTI control resources is need to be assigned to UEs supporting the shortened TTI.

Conclusion
In this contribution, we discussed about the shortened TTI and observed:

Observation 1 : Shortened TTI candidates with 3 symbols and 0.1ms are less feasible in terms of subframe alignment and OFDM numerology.

Observation 2 : A shortened TTI candidate with 1 symbol has higher physical layer overhead than other candidates (DM-RS takes 50% of REs even if the interleaved DM-RS pattern is used).

Observation 3 : A shortened TTI candidate with slot-length is most promising to reuse physical channels and design philosophies in the legacy LTE specifications.

Observation 4 : Performance gains of shortened TTI candidates increase with the decreased length of TTI without considering the additional L1 overhead. Slot-TTI shows less performance enhancement than other types of shortened TTIs.

Observation 5 : At least data channels need to support shortened TTI. And it depends on the designs whether support shortened TTI functionalities in control channels or not.

Observation 6 : For smaller HARQ RTT, it is better to design control channels to support shortened TTI functionalities such as DL/UL assignment and HARQ feedback.

Observation 7 : To support the operation of shortened TTI, either the short-TTI region (including control and data channels) or the short-TTI control resources is need to be assigned to UEs supporting the shortened TTI.
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In addition, for the study regarding the latency reduction, we propose:

Proposal 1 : To include the above description and observations of TTI shortening in the SI TR 36.881.
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