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1
Introduction
In this contribution, we provide some design details that deal with the uplink transmission portion of TTI shortening and reduced processing time.
2
Discussion
In this contribution, we consider some uplink design details for TTI shortening and reduced processing time particularly focusing on the following issues:
· Shortened PUSCH Channel
· TTI length reduction 
· HARQ operation
· Shortened PUCCH Channel Design

· TTI length reduction 
· Uplink Waveform PAPR considerations
· Backward compatibility and Impact to Legacy Operation
2.1
Shortened PUSCH Channel Design

For the shortened PUSCH in the low latency LTE design, we consider multiple TTI durations of 1 symbol, 2 symbols, and 1 slot. 
2.1.1 TTI length reduction design alternatives
For legacy 1-ms TTI, there are 2 DMRS placed at symbols 3 in each slot, with each surrounded on each side by 3 data symbols. For the slot-TTI, one can simply take the first slot of the legacy design and use that as the shortened PUSCH design as shown in Figure 1. 
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Figure 1: Configuration of 1 subframe legacy PUSCH and 1slot shortened PUSCH

For the shorter 1-symbol and 2-symbol TTIs, it is not desirable to pre-determine a DMRS signal that provides acceptable demodulation performance while maintaining a reasonable RS overhead. Instead, the presence of DM-RS can be more flexibly placed reflecting the actual need. The dynamic nature of the DMRS allows the eNB to amortize the RS overhead on the uplink channel over more than the TTI duration, and additionally, it can flexibly adjust this RS to traffic density ratio depending on multiple parameters such as traffic load, channel conditions, configured MCS, etc. The trigger can be very dynamic and can be implemented with a turnaround time smaller than the TTI timeline that is used for the uplink data (e.g., n+4). This will allow for additional scheduling flexibility of the DMRS signal by the eNB.  

[image: image3.emf]TTI =

2 Sym

Delay=D

2 

syms

}

D

M

R

S

s

P

U

S

C

H

s

P

U

S

C

H

                                   
[image: image4.emf]}

TTI =

1 Sym

D

M

R

S

s

P

U

S

C

H

Delay=D

1 

syms


Figure 2: Configuration of 2symbol and 1 symbol shortened PUSCH

It is also important for the eNB to be able to multiplex more than one user on the same DMRS symbol. This can be done by using different cyclic shifts for different UEs. 
Proposal #1: For the 1-symbol and 2 symbol TTI shortened PUSCH, the DMRS should be dynamically placed.
2.1.2 Shortened PUSCH HARQ Operation

Shortening the TTI will also raise the question of enhanced HARQ operation. One natural way of cutting down the turnaround time of the HARQ operation is to have proportional down-scaling between the TTI duration and the turnaround time. As an example, assuming a 1-symbol TTI, an 8 symbol turnaround time can be considered. Similarly, for a 2-symbol TTI and 1-slot TTI, an scaled turnaround time of 16 symbols and 4ms, respectively, can be considered. An example of the 1 symbol TTI case is shown in Figure 3.
Additionally, for the uplink, asynchronous HARQ operation should be considered. With this, the eNB scheduling flexibility can greatly improve as retransmissions aren’t confined to some specific TTIs. This can be especially important for short and/or bursty data allocations. At the expense of some additional downlink control channel overhead, benefits in the overall latency reduction can be expected. 
Proposal #2: The HARQ RTT should be scaled down for the shortened TTIs. In addition, for the shortened PUSCH channel, consider asynchronous HARQ configuration.
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Figure 3: HARQ Turnaround Time for the 1 symbol TTI case
2.2  Shortened PUCCH Channel Design

For shortened PUCCH in the low latency LTE design, we consider multiple TTI durations of 1 symbol, 2 symbols, and 1 slot.

2.2.1 TTI Length Reduction
For the slot TTI length, the PUCCH channel can take on multiple payload configurations similar to the legacy PUCCH Formats 1, 2, 3, and 4. For the evaluation, we consider a slot PUCCH transmission that is derived from a legacy PUCCH format 3 transmission by shortening the 24 modulation symbols to just the first 12 that are transmitted only in the first slot. Furthermore, we constrain the transmission to 1 RB in frequency, and no frequency hopping is applied across the symbols. 

For the 1-symbol TTI, we consider a 1 RB transmission consisting of a sum of a base sequence rx and a modulated and cyclically shifted version of the same base sequence rx. The base sequence rx can be used as a pilot that can be used to coherently demodulate the modulated data. As an example of a 2 bit payload shortened PUCCH, consider the composition of the signal transmitted on a particular RB x:

S(n) = rx(n)ej2(1)n/12 + d(m)∙rx(n) ej2(2)n/12 

-Where rx is a length 12 base sequence with a QPSK signal set for n={0..11}, similar in nature to CGS sequences
-Where 1,2 are chosen from 12 phases, where abs(1-2) is nonzero 

-Where d(m) is the transmitted QPSK data for OFDM symbol m

If two or more modulated and cyclically shifted versions of the same base sequence are used, more information bits may be conveyed.

With the addition of multiple base sequence signals within a RB, the overall signal S(n) is no longer SC-FDMA, and therefore, PAPR becomes a concern. In order to optimize the PAPR of the signal, signal parameter sets {rx, 1x, 2x} can be chosen via simulation to obtain a suitable PAPR distribution in a similar manner as the CGS reference signals defined in 36.211. The PAPR of the signal S(n) needs to additionally account for all possible modulated PUCCH data d(m). A comparison is made between a 2 bit payload shortened PUCCH transmission against 3 other waveforms – a 1 RB computer generated sequence (CGS) as defined in 36.211, a 1 RB QPSK SC-FDMA transmission, and a 1 RB QPSK OFDM transmission. For the case of the shortened PUCCH, 30 best sequences were chosen for comparison. A CDF of the PAPR is shown in Figure 4.
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Figure 4: 1 RB shortened PUCCH PAPR comparison

The figure shows that a suitable set of 30 base sequences rx, and cyclic shifts 1 and 2, can be formulated that have reasonably low PAPR.
Observation: A 1 symbol shortened PUCCH assignment carrying 2 bits can be made to have a reasonably low PAPR 
For the two symbol TTI case, we can simply extend the 1 symbol design such that the signal S(n) is split across two symbols. Sx(n) is transmitted on symbol m and Sy(n) is transmitted on symbol m+1 with a RB offset from the first symbol. Figure 5 shows the resource placement for the 2 symbol shortened PUCCH channel.

As this method uses the same physical channel structure as the 1 symbol TTI, the PAPR will be the same and the same set of signal parameters  {rx, 1x, 2x} can be chosen. 
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Figure 5: Resource Placement of 2 Symbol Shortened PUCCH

2.3
Backward Compatibility and Impact to Legacy Operation
It is important that the low latency uplink operation remains backward compatible with the existing uplink LTE structure. The existing numerology such as tone spacing, symbol duration, normal/extended CP durations should all be kept intact in the new design.
When possible, eNB can implement operational changes that ensure that legacy and low latency uplink channels are not interfering each other, thereby allowing for joint and seamless operation. For example, using resource assignments that are non-colliding for legacy and low latency users can guarantee compatibility, albeit at the expense of some scheduling flexibility and efficiency of resource usage.
In certain situations, collisions may not be completely avoidable, especially for cases where a legacy 1ms channel has already been assigned and a low latency PUSCH assignment is required to be transmitted mid-subframe. In these circumstances, specific transmission rules can be employed that alleviate the effects of the resource collision. For example, giving priority to the low latency channel and puncturing the legacy channel can be one suitable solution. Additional requirements may be imposed to ensure that certain resource elements such as the DMRS of the legacy channel, are not punctured by the low latency channel to ensure acceptable legacy demodulation performance.
Additionally, power allocations of the legacy and low latency channels needs to be considered under simultaneous operation by a UE. For cases where the UE is operating in a power limited scenario, the abrupt inclusion of a low latency channel in parallel with a legacy channel can negatively affect the demodulation of the uplink legacy channel. 

 Proposal #3: Support efficient co-existence in a subframe between legacy and low latency users.
3
Conclusions 
Based on the discussion presented in the paper, we outlined some specific issues that need to be considered for the low latency uplink operation. In particular, we propose:
· Proposal #1: For the 1-symbol and 2 symbol TTI shortened PUSCH, the DMRS should be dynamically placed.

· Proposal #2: The HARQ RTT should be scaled down for the shortened TTIs. In addition, for the shortened PUSCH channel, consider asynchronous HARQ configuration.
· Proposal #3: Support efficient co-existence in a subframe between legacy and low latency users.

In addition, we have one observation:

· Observation: A 1-symbol shortened PUCCH assignment carrying 2 bits can be made to have a reasonably low PAPR 
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