3GPP TSG RAN WG1 Meeting #84                        
R1-160649
St Julian’s, Malta, 15th - 19th February 2016
Agenda Item:
7.3.4.2
Source: 
LG Electronics

Title: 
Study on TTI shortening for downlink transmissions
Document for:
Discussion and decision
1. Introduction

In RAN#67 meeting, an LTE release 13 study item on latency reduction techniques for LTE was approved [1]. Specifically, the objectives of the study item for RAN1 are as follows:
	· 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 this document, we discuss several aspects to consider for shortened TTI design in LTE legacy systems. 

2. Discussion on TTI Shortening for DL transmissions
· Preferred length for shortened TTI 
When shortened TTI is considered, first question is whether shortened TTIs would be aligned with legacy subframe boundary or one shortened TTI can be mapped to across two legacy subframes. Mapping one TTI over two legacy subframes would not be efficient due to legacy PDCCH region and potentially legacy SRS transmission. Furthermore, it may also complicate the overall operation considering that a UE may have to also support legacy TTI at least for common data reception. Thus, we consider short TTIs are aligned with legacy subframe boundary. 

Proposal 1: Shortened TTIs are aligned with legacy subframe boundary. Multiple short TTIs can be placed within 1 legacy subframe. 
Candidate lengths of TTI are suggested by the evaluation methodology in [2], i.e. 1, 2, 3/4, 7 symbols. Referring to the system simulation results of the shortened TTI [3], system throughput/latency gain depends on the TTI length and control/RS overheads. Based on simulation, it seems that 1 or 2 OFDM symbol length TTIs are quite challenging to achieve performance gain at least in 10 MHz system bandwidth due to their relatively high overhead (control and protocol overhead). Moreover, to introduce 1 or 2 OFDM symbol length TTIs, significant specification impacts are expected, particularly if we consider DM-RS based transmission schemes. For 3 or 4 OFDM symbol length TTIs, there are a few cases where performance benefits are demonstrated. Furthermore, it is also expected that the gain may increase if CSI feedback is enhanced and also control overhead is reduced. Seven symbol length TTI would be the simplest and have the least specification impact while having better system throughput performance. Thus, our proposal is to focus on 3/4 or 7 OFDM symbol length TTIs.  
Proposal 2: Focus on 3/4 and 7 OFDM symbol length TTIs for shortened TTIs. 

Also, as mentioned in our contribution on evaluation, we also observed that shortened TTI on uplink only also shows performance benefits by reducing overall TCP delay. This shows some possibility where longer TTI is used for data transmission and shorter TTI is used for TCP ACK transmission to reduce TCP delay. In other words, the TTI size can be different on downlink and uplink respectively depending on scenarios. 
Proposal 3: Consider decoupled TTI length between downlink and uplink depending on scenarios. 
· DL TTI structure
Figure 1 shows the downlink shortened TTI structure we have in mind considering 2 symbols of legacy PDCCH. For the constant length of shortened TTI, PDCCH length can be fixed with 2 symbols as shown in Figure 1-A) and B). However, since OFDM symbol length of PDCCH region is dynamic and UE has to monitor legacy PDCCH at least for common control channel reception, it would be more reasonable to include legacy PDCCH region into shortened TTI as shown in Figure 1-C) and D). Then, it is assumed that the sPDCCH is transmitted in the legacy PDCCH region for the first shorted TTI in a subframe. In the shortened TTI support system, the value of PCFICH may be signalled by semi-static manner and it can be updated by the dynamically upon reception of PCFICH at the UE side. In other words, UE assumes that (s)PDSCH starts from the configured symbol of a subframe if PCFICH is not transmitted but if it is transmitted then (s)PDSCH starting symbol follows the PCFICH in the first sTTI in each legacy subframe With this mechanism, amount of effective resource per shortened TTI can be managed rather comparable. Even in case control channel for sTTI is transmitted in a TDM manner between control and data, we do not consider a new PCFICH in each sTTI should be introduced due to its overhead. Furthermore, control region of sTTI may be limited to a subset of PRBs rather than the entire system bandwidth, thus, starting subframe of sPDSCH can be configured as zero. 

Proposal 4: A new sPCFICH for each sTTI is not introduced.  
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Figure 1. Downlink shortened TTI structure 
· Multiple TTI scheduling 
As discussed in our contribution on system level simulation, control overhead affects the overall performance considerably. It is necessary to investigate the mechanisms to reduce control overhead. This impact is more significant in case of relatively high resource utilization. Also, in terms of latency reduction, shorter TTI may be beneficial for smaller file size, and longer TTI could be more beneficial for larger file size with reduced overhead. In that sense, consideration of variable TTI where TTI size of data transmission may be linked to the file size or application characteristics or multiple TTI where control overhead can be supressed by scheduling one DCI over multiple subframes can be considerable. To support variable or multiple TTI concepts, one simple approach is to indicate the length or number of TTIs in DCI. Given that one TTI size may not be effective in all conditions, we propose to further investigate variable or multiple TTIs. 

Proposal 5: Further investigate on variable or multiple TTIs where one data can be scheduled over different length of TTI or multiple TTIs. 

· Control and data channel multiplexing
We have CRS based wideband PDCCH and DM-RS based narrow band ePDCCH in LTE system. Having the wideband legacy PDCCH region in the first n OFDM symbols, it would be better to fit the first occurring sPDCCH of the every subframe into legacy PDCCH region to minimize unnecessary additional overhead. When sharing legacy PDCCH region between sPDCCH and legacy PDCCH, UE decoding capability needs to be considered as sPDCCH would have tighter decoding latency compared to PDCCH. Furthermore, when both share the same resource, identification on either sPDCCH or PDCCH is also necessary. At least, to share the same resource, it is natural to consider CRS based sPDCCH transmission. Whether to allow sharing between DM-RS based sPDCCH and legacy PDCCH needs further investigation in terms of feasibility and benefits.
In other short TTIs which are not overlapped with legacy PDCCH regions, CRS-based sPDCCH and DM-RS based sPDCCH design can be considered. CRS-based sPDCCH offers the benefits of no additional RS overhead as legacy CRS can be used. At the same time, DM-RS based sPDCCH can offer better performance by accurate beamforming and MU-MIMO transmissions. Also, DM-RS based sPDCCH would be necessary in case of CoMP scenarios. Also for efficient multiplexing among control and data, among different UEs, and among inter-cells, even if CRS-based sPDCCH is used, it is essential to allow configuration of PRBs where control channel can be transmitted per UE. 
When CRS based sPDCCH design is used, it would be more natural to consider TDM between control and data to minimize the latency i.e., control will be placed in the first one or two OFDM symbols of each sTTI. On the other hand, DM-RS based sPDCCH design is considered, TDM between control and data becomes somewhat challenging due to the complication of DM-RS structure over one or two OFDM symbols. In particular, DM-RS design would not be so straightforward when multiple antenna ports are considered. Thus, we think FDM between control and data should be considered in case of DM-RS based sPDCCH design. 

Proposal 6: In the first sTTI, consider sharing the same legacy PDCCH region between sPDCCH and PDCCH. 

Proposal 7: In case of CRS based sPDCCH design, consider TDM between control and data. In case DM-RS based sPDCCH design, consider FDM between control and data. 

Control channel design determines UE’s search space for control channel and it would be one of the key factors to reduce latency by introducing shortened TTI minimizing blind decoding trial number and time and it needs further study. 
· RS options for sPDSCH 
Similar to sPDCCH, we consider CRS-based sPDSCH and DM-RS based sPDSCH [4][5]. CRS density can be different per shortened TTI and the channel estimation performance and the overhead can also be different per shortened TTI. For the DM-RS based sPDSCH, DM-RS density can be similar for each shortened TTI and the overhead may become larger than that of legacy LTE system. Similar to sPDCCH, supporting both CRS and DM-RS based transmission schemes seem necessary given that both have different characteristics. 
Proposal 8: Support both CRS and DM-RS based transmission schemes in short TTI design. 

· Considerations on UE receiver processing capability
It is expected that an advanced UE needs to support both short TTI and legacy TTI for the backward compatibility. Given that short TTI may not be the best in all cases, the possibility that a UE needs to support both TTIs at the same time needs to be considered. Moreover, the advance UE needs to support legacy behavior at least to receive cell broadcast messages such as SIB. We consider both legacy TTI and short TTI are mixed up for a UE. A mix-up between legacy TTI with small message of common data and short TTI may not be problematic. On the other hand, a mix-up between long TTI with large message of unicast and short TTI may cause decoding latency issue. In this case, the decoding time for data channel of long TTI slows down the starting time for control channel decoding of successive short TTI, which results in increase of the decoding latency of data channel of short TTI. 
Secondly, control channel decoding latency needs to be also studied. Considering the maximum of 44 blind decodings for PDCCH of legacy TTI, decoding latency of legacy PDCCH would affect the decoding latency of successive sPDCCH even though the maximum number of blind decodings is reduced for sPDCCH to reduce the processing delay. In other words, if control channel decoder is shared between different TTI sizes, the latency of shortened TTI decoding may be affected by legacy PDCCH decoding. Depending on the capability of decoder for control channel, it needs to be discussed which control channel will be decoded preferentially between legacy and shortened TTI.
Observation: UE capability and requirement to support short TTI in terms of processing needs further study in consideration of multiplexing between legacy and short TTIs.

3. Conclusions

In this contribution, we discussed several aspects to consider designing of shortened TTI in downlink. Followings are our proposals and observation:  

Proposal 1: Shortened TTIs are aligned with legacy subframe boundary. Multiple short TTIs can be placed within 1 legacy subframe. 
Proposal 2: Focus on 3/4 and 7 OFDM symbol length TTIs for shortened TTIs. 

Proposal 3: Consider decoupled TTI length between downlink and uplink depending on scenarios. 
Proposal 4: A new sPCFICH for each sTTI is not introduced.  

Proposal 5: Further investigate on variable or multiple TTIs where one data can be scheduled over different length of TTI or multiple TTIs. 

Proposal 6: In the first sTTI, consider sharing the same legacy PDCCH region between sPDCCH and PDCCH. 

Proposal 7: In case of CRS based sPDCCH design, consider TDM between control and data. In case DM-RS based sPDCCH design, consider FDM between control and data. 

Proposal 8: Support both CRS and DM-RS based transmission schemes in short TTI design. 
Observation: UE capability and requirement to support short TTI in terms of processing needs further study in consideration of multiplexing between legacy and short TTIs.
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