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1.  Introduction
The study item “Study on Latency reduction techniques for LTE” was approved at RAN Plenary #67 [1]. The objective of this study item for RAN1 includes
· 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#84bis meeting, the following was agreed as working assumption:

· 1-OFDM-symbol sTTI length will not be further studied
In addition, following agreements were achieved:

· Both CRS based TMs and DMRS based TMs are recommended to be supported for DL sTTI transmission

· No change for CRS definition

· FFS: Supporting more than 2 layers for sPDSCHs

· Further study is needed about DMRS design(s) for sPDSCH demodulation

· For a certain TTI length, increased PRB bundling sizes may be necessary to achieve sufficient channel estimation accuracy. 

· FFS: the number of DMRS antenna ports that can be supported for a given short-TTI length.

· For a certain TTI length, new DMRS design(s) may be needed

In this contribution, we further discuss the length of shortened TTI.
2. Latency analysis of shortened TTI
The LTE U-plane one way latency in current LTE systems is provided in [2]. The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment) and 1ms TTI duration for FDD. Considering that the number of HARQ processes is fixed to 8 for FDD, the one-way latency can calculated as:


DUP [ms] = 1.5 + 1 + 1.5+ n*8 = 4 + n*8,

where n is the number of HARQ retransmissions. Considering a typical case where there would be 0 or 1 retransmission, the approximate average U-plane latency is given by


DUP,typical [ms] = 4 + p*8,
where p is the error probability of the first HARQ retransmission. The minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.

DUP,0%HARQ_BLER [ms] = 4 
(0% HARQ BLER)

DUP,10%HARQ_BLER [ms] = 4.8 
(10% HARQ BLER)

Considering 10% HARQ BLER, the average U-plane one way latency can be calculated as 
DUP,10%HARQ_BLER [ms] = 4.8x
The average U-plane one way latency for different sTTI length (from 1 symbol to 7 symbols) is summarized in Table I. Seen from the table, the average U-plane one way latency can be reduced to 0.34ms at minimum with 1 symbol sTTI, but which sTTI length should be adopted depends on the service requirements and standardization impact.
Table I: U-plane latency with 10% HARQ BLER for FDD
	TTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	Average U-plane one way latency
	0.34ms
	0.69ms
	1.03ms
	1.37ms
	2.4ms
	4.8ms


Observation 1: The sTTI length depends on the service requirements and standardization impact.
3. Discussion on the length of shortened TTI 
For 1 symbol sTTI, although it can achieve the minimum latency, i.e. the average U-plane one way latency can be reduced to 0.34ms, the standardization effort and the overhead including reference signal and control signaling is overwhelming, so 1 symbol sTTI should be excluded.
Proposal 1: Confirm the working assumption “1-OFDM-symbol sTTI length will not be further studied”.

For 2 symbols sTTI, some sTTI may not have CRS. In this case, CRS can be used with earlier channel estimation or new reference signal need to be introduced. The former may lead to performance loss, while the latter needs additional standardization efforts. DMRS is UE specific and only exists in the scheduled PRBs. More DMRS overhead or new DMRS pattern is needed. PDCCH may be reused in the first sTTI in one subframe, while new sPDCCH should be introduced for the remaining sTTI. EPDCCH needs to be redesigned in order to schedule the sPDSCH for sTTI. Furthermore, more DMRS overhead or new DMRS pattern is needed. The overhead will be serious when the sTTI length is reduced to 2 symbols. Thus, the overhead issue should be carefully studied. 
Proposal 2: 2 symbol sTTI needs further study and the overhead issue should be carefully studied.
Compared with 1 symbol sTTI, 3 or 4 symbols sTTI may introduce less standardization efforts, while compared with 7 symbols sTTI, 3 or 4 symbols sTTI may have less latency and throughput gain. In DL, for CRS based TMs, each sTTI can contain CRS. For DMRS based TMs, some sTTI may not have DMRS, new DMRS would be necessary. The new DMRS should be included in the scheduled PRBs in the sTTI. Assuming that a certain number of DMRS REs is necessary to offer sufficiently accurate channel estimates at the target operating SNR, as the TTI length becomes shorter, the DMRS overhead becomes higher in general. DMRS overhead reduction would be required for 3 or 4 symbols sTTI. In UL, keeping one DMRS symbol in each sTTI can cause high DMRS overhead. DMRS symbol shared by multiple sTTIs within the same subframe can be considered reduce the overhead. 
Proposal 3: 3 or 4 symbol sTTI can be considered with overhead reduction.
For 7 symbols sTTI, CRS based transmission can be reused for 7 symbols sTTI. Legacy DMRS pattern can be reused and the overhead can be kept at the same level. Legacy PDCCH can be reused for the first slot, while for the second slot, using legacy PDCCH may lead to extra delay. PDCCH structure like control channel can be designed which occupies the first 1 or 2 symbols of the second slot. PUCCH format 1, 1a, 1b, 2, 2a, 2b and 3 can be reused. For uplink reference signal, legacy DMRS can be reused for sPUCCH and sPUSCH. Thus, 7 symbols sTTI has the least specification impact and it can better be multiplexed with legacy TTI compared with other length of sTTI, e.g. 2, 3 or 4.
Proposal 4: 7 symbols sTTI should be supported.
4. Conclusions
In this contribution, the latency with different TTI length is analysed. Regarding the length of shortened TTI, we have following observations and proposals.
Observation 1: The sTTI length depends on the service requirements and standardization impact.
Proposal 1: Confirm the working assumption “1-OFDM-symbol sTTI length will not be further studied”.
Proposal 2: 2 symbol sTTI needs further study and the overhead issue should be carefully studied.

Proposal 3: 3 or 4 symbol sTTI can be considered with overhead reduction.
Proposal 4: 7 symbols sTTI should be supported.
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