
3GPP TSG RAN WG1 Meeting #84bis
R1-162108
Busan, Korea 11th - 15th April 2016
Agenda Item:     7.3.10.2
Source:
Huawei, HiSilicon
Title:
Views on TTI length
Document for:
Discussion and decision
1 Introduction

In the RAN#67 meeting, the Study Item on “Study on Latency reduction techniques for LTE” was approved [1]. For RAN1, TTI shortening and reduced processing times should be studied:
· 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 RAN1#84 meeting, it was agreed that 
Following design assumptions are used for the study:
· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier

· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features

The following potential specific impacts are studied:
· UE is expected to receive a sPDSCH at least for downlink unicast 

· sPDSCH refers PDSCH carrying data in a short TTI

· UE is expected to receive PDSCH for downlink unicast

· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously

· FFS: The number of supported short TTIs

· If the number of supported short TTIs is more than one,

· The length of short TTI can be variable

· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously

· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit
· TTI length for DL and UL can be different 

In this contribution, we will analyze and give our views on TTI length.  
2 Discussion on different TTI lengths

In [2], 0.5ms TTI, 4(3)-symbol TTI, 2-symbol TTI and 1-symbol TTI are evaluated for FDD. In the simulation, the best performances are achieved with 2-symbol PDSCH and 4(3)-symbol PDSCH in most cases.
Observation 1: 2-symbol TTI and 4(3)-symbol TTI achieve the best performance in most cases.
From the view of performance, shorter TTI length provides larger gains. However, shorter TTI length also introduces more standardization efforts. 

2.1  0.5ms TTI length
In most of cases, the structures of physical channels and reference signals for 1ms TTI length can be reused. For example, for PUSCH transmission, DMRS can still be in the middle of a slot. For PDSCH transmission, CRS and UE-specific RS can still keep the same pattern.
DL and UL control signaling need some improvements. In addition, UL frequency offset estimation may need some enhancement since there is only one DMRS in a TTI.
2.2 1-symbol TTI length

If the TTI length is decreased into one symbol, most of the physical channels and reference signals have to be accommodated within one symbol. In UL, self-contained RS may be introduced which will break UL single carrier property.

2.3 2-symbol TTI length

For 2-symbol TTI length, new channels and reference signals are needed. To keep UL single carrier property, RS will occupy one symbol which will lead to large overhead, so how to reduce RS overhead needs to be studied. 
2.4 4(3)-symbol TTI length
For 4(3)-symbol TTI, there are 4 TTIs (short TTI) in a subframe. For DL, as shown in Figure 1, a packet data occupies 4 symbols or 3 symbols, which can be transmitted in sTTI0, sTTI1, sTTI2 or sTTI3. For UL, as shown in Figure 2, a data packet occupies 4 symbols, which can be transmitted in sTTI0, sTTI1, sTTI2 or sTTI3.
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Figure 1 4 or 3-symbol TTI structure for PDSCH
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Figure 2 4 or 3-symbol TTI structure for UL

Compared to 0.5ms TTI, 4 or 3-symbol TTI has more latency gain and throughput gain. Compared to 1 or 2-symbol TTI, 4 or 3-symbol TTI will introduce less standardization efforts. In DL, each TTI has self-contained CRS. In UL, PUSCH DMRSs are still in the same symbols as that for 1ms TTI which keep the same RS overhead. With DMRS unchanged, PUSCH data symbol does not need to be FDMed with DMRS and UL single carrier property can be kept.
Observation 2: 1-symbol TTI has the most specification impact.
3 Multiplexing of 1ms TTI and short TTI
From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier. From UE perspective, whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously is still FFS.
In the existing specification, a UE does not support more than one PDSCH on one carrier, unless one of the PDSCHs carries system information or paging information. Therefore, simultaneous reception of one sPDSCH and one PDSCH scheduled by PDCCH scrambling with SI-RNTI/P-RNTI/RA-RNTI in one subframe on one carrier can be supported. On simultaneous reception of one sPDSCH and one PDSCH by PDCCH scrambling with C-RNTI/SPS C-RNTI in one subframe on one carrier, although it is feasible for a CA capable UE, it may need more standardization efforts and implementation work, so we propose not to support it.
In addition, if the UE supports CA, both sPDSCH and PDSCH can be scheduled on different carriers. Then critical service and non-critical service can be supported simultaneously.

Proposal 1: Simultaneous reception of one sPDSCH and one PDSCH in one subframe on one carrier is not supported, unless the PDSCH is scheduled by PDCCH scrambling with SI-RNTI/P-RNTI/RA-RNTI.
Proposal 2: Simultaneous reception of one sPDSCH and one PDSCH on different carriers is supported.
For a short TTI capable UE, two TTI modes including short TTI mode and 1ms TTI mode can be supported by higher layer configuration. If 1ms TTI mode is configured, the UE can only be scheduled with 1ms transmission. If short TTI mode is configured, both 1ms TTI and short TTI can be configured adaptively. To flexibly configure TTI length, dynamic switching between 1ms TTI and short TTI at a subframe level should be supported. For example, short TTI is scheduled by sPDCCH and 1ms TTI is scheduled by DCI format 1A/DCI format 0 carried by legacy PDCCH. 
Proposal 3: Dynamic switching between 1ms TTI and short TTI at a subframe level should be supported.
4 Discussion on variable TTI length
According to the above discussion, the possible short TTI candidates are 2-symbol TTI, 4(3)-symbol TTI and 0.5ms TTI. To provide flexibility for eNB, variable TTI length can be considered. eNB can configure TTI length adaptively based on available bandwidth for short TTI, cell load, coverage, service type, network topology and UE position, etc. For example, if the available bandwidth for short TTI is small, 0.5ms TTI or 1ms TTI can be configured; for critical service, 2-symbol TTI or 4(3)-symbol TTI can be configured.
As discussed in section 3, although it is feasible for a CA capable UE to receive sPDSCHs with different lengths simultaneously in one subframe on one carrier, it still needs more standardization efforts and implementation work. Therefore, receiving sPDSCHs with different lengths simultaneously in one subframe on one carrier is not supported. However, if the UE supports CA, sPDSCHs with different lengths can be scheduled on different carriers.
Proposal 4: Simultaneous reception of sPDSCHs with different lengths in one subframe on one carrier is not supported.
Proposal 5: Simultaneous reception of sPDSCHs with different lengths on different carriers is supported.
If dynamic switching TTI length is supported, eNB can configure TTI length more flexibly. However, to avoid too complicated implementation, the switching should be at a subframe level at least. TTI length can be signaled by cell-specific or UE-specific physical signaling. If two-level DCI is supported [3], TTI length can be signaled by the first-level DCI.
5 Handle of narrow band
Short TTI is not suitable for the system with smaller bandwidth.  The shorter the TTI, the larger bandwidth is needed to show the performance gain compared to existing 1ms TTI. For example, if system bandwidth is 6RBs and one CCE occupies 36REs, sPDCCH (PDCCH for short TTI) with CCE aggregation level 1/2/4/8 corresponds to 7%/14%/29%/57% of all REs in a 0.5ms TTI. For shorter than 0.5ms TTI, the percentage of RE occupied by sPDCCH can be larger. In addition, if frequency multiplexing between 1ms TTI and short TTI is supported, it is expected that less than 6 RBs can be available for short TTI when system bandwidth is 6RBs, the percentage of RE occupied by sPDCCH will be even larger. 

Considering larger PDCCH overhead and smaller TBS with lower coding gain, there therefore may be no performance gain and even negative gain introduced by short TTI.
Proposal 6: Short TTI is not supported for the system bandwidth smaller than xMhz. FFS on the value of x.
6 sTTI index within a subframe
To describe HARQ timing or scheduling timing conveniently, subframe structure needs to be modified. A subframe can include several sTTIs and the sTTI index within a subframe should be defined. Some examples are shown in Figure 3.
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Figure 3 sTTI index within a subframe
7 Conclusion

In this paper, some observations and proposals on TTI lengths are given:
Observation 1: 2-symbol TTI and 4(3)-symbol TTI achieve the best performance in most cases.
Observation 2: 1-symbol TTI has the most specification impact.
Proposal 1: Simultaneous reception of one sPDSCH and one PDSCH in one subframe on one carrier is not supported, unless the PDSCH is scheduled by PDCCH scrambling with SI-RNTI/P-RNTI/RA-RNTI.
Proposal 2: Simultaneous reception of one sPDSCH and one PDSCH on different carrier is supported.

Proposal 3: Dynamic switching between 1ms TTI and short TTI at a subframe level should be supported.
Proposal 4: Simultaneous reception of sPDSCHs with different lengths in one subframe on one carrier is not supported.
Proposal 5: Simultaneous reception of sPDSCHs with different lengths on different carriers is supported.
Proposal 6: Short TTI is not supported for the system bandwidth smaller than xMhz. FFS on the value of x.
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