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1	Introduction
In this contribution, we provide design details on the sTTI operation for the 2 symbol sTTI case.
2	Discussion
In this contribution, we consider multiple topics related to sTTI operation for the 2-symbol sTTI case:
(1) sTTI layout in Downlink and Uplink
(2) Simultaneous legacy and sTTI reception at the UE
(3) Legacy and sTTI resource collision handling
(4) candidate UL DMRS positions within sTTI layout and associated signalling

2.1  sTTI Layout in Downlink and Uplink
In previous contributions [1][2], we discussed the importance of having the 2-symbol sTTI layout be aligned with slot boundaries. In the case of frequency hopping for the legacy transmission, a 2 symbol sTTI that is not slot-aligned will introduce significant constraints on eNB scheduling in order to avoid collision between legacy and sTTI transmission near the slot boundary. Several combinations of layouts for both the uplink and downlink have been introduced, including reducing the number of sTTIs within a subframe to 6 as well as introducing 3-symbol sTTIs. Additionally, we can consider different sTTI alignments that are a function of the legacy control region symbol duration.
We further consider additional items that should be considered in the choice of sTTI layout for the DL and UL. The positioning of the legacy CSI-RS as well as the legacy DMRS should be considered. An sTTI layout that creates sTTI symbol positions that partially overlap CSI-RS or UERS resources can create an uneven interference distribution across these resources that can create anomalies in measurement performance. Therefore, based on the positions of these legacy CSI-RS and UERS resources, it is desirable that symbols 5&6, symbols 9&10, or symbols 12&13 each be grouped within the same sTTI. Also, as mentioned before, it is desirable to have an sTTI boundary at the slot boundary, which occurs between symbols 6&7.
For the DL placement, we also need to consider the legacy control channel length. It is desirable to have the sTTI cover exactly the duration of the legacy control region. This can allow for two options at the discretion of the eNB scheduler: (1) allow shortened data grants within the legacy control region, or (2) avoid any sTTI data allocation completely within the legacy control region. Diagrams of the three DL sTTI layouts for the three PDCCH control symbol durations are shown in Figure 1.
For the case of control region duration of 1 symbol, the first control symbol is not considered a possible sTTI location and is followed by 6 sTTIs of length {2, 2, 2, 2, 2, 3}. For the case of PDCCH with 2 and 3 symbol duration, the control symbols are considered valid sTTIs with lengths of {2, 3, 2, 2, 2, 3} and {3, 2, 2, 2, 2,3}, respectively. With each of these three configuration, all requirements stated above are met.
Given these configurations for the DL, a corresponding configuration for the UL needs to be determined. There needs to be 6 sTTIs defined in the UL over a 1ms subframe, so that there is a 1-to-1 mapping between the 6 sTTIs defined in the DL with the same size set on the UL. Another desirable constraint on the UL design is to incorporate sufficient resources in the last sTTI of each subframe to allow for an SRS configured transmission – a design where the last sTTI in the subframe is always allocated with 3 symbols will satisfy this constraint well. With these constraints, we consider 3 possible sTTI layouts for the UL:
UL sTTI configuration #1: {3, 2, 2, 2, 2, 3}
UL sTTI configuration #2: {2, 3, 2, 2, 2, 3}
UL sTTI configuration #3: {2, 2, 3, 2, 2, 3}




[bookmark: _Ref465605620]Figure 1: Downlink sTTI Design Layouts

To determine the best UL pattern, we need to evaluate the overall DL HARQ turnaround time for the various DL and UL patterns as a function of the minimum HARQ delay, n+k, for k=4,5,and 6. In Tables 1-3, we show the mean as well as maximum DL HARQ turnaround time in OFDM symbols, for HARQ delays of n+4, n+5, n+6, respectively.

	
	UL sTTI config #1
	UL sTTI config #2
	UL sTTI config #3

	DL sTTI config / 1 Sym PDCCH
	17.17   /   19
	17.33   /   19
	17.33   /   19

	DL sTTI config / 2 Sym PDCCH
	18    /    19
	18.33   /   19
	18.33   /    19

	DL sTTI config / 3 Sym PDCCH
	17.5    /   19
	18    /   20
	18    /   20
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	UL sTTI config #1
	UL sTTI config #2
	UL sTTI config #3

	DL sTTI config / 1 Sym PDCCH
	20.83   /   22
	21.17   /   22
	21.5   /   22

	DL sTTI config / 2 Sym PDCCH
	21.67    /    23
	22.17   /   24
	22.5   /    24

	DL sTTI config / 3 Sym PDCCH
	21.83    /   24
	22.17    /   24
	22.17    /   24


Table 2: Mean/Max DL HARQ Turnaround Delay in OFDM symbols for n+5 HARQ delay

	
	UL sTTI config #1
	UL sTTI config #2
	UL sTTI config #3

	DL sTTI config / 1 Sym PDCCH
	25.17   /   28
	25.5   /   28
	25.5   /   28

	DL sTTI config / 2 Sym PDCCH
	26.33    /    28
	26.67   /   28
	26.17   /    28

	DL sTTI config / 3 Sym PDCCH
	25.83    /   28
	25.83    /   28
	25.83    /   28
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From the tables, UL sTTI configuration #1 = {3, 2, 2, 2, 2, 3} provides the lowest mean HARQ turnaround time for each of the 3 DL sTTI configurations.
Proposal #1: for 2-symbol sTTI operation, we propose that the DL sTTI configurations be {2, 2, 2, 2, 2, 3}, {2, 3, 2, 2, 2, 3}, and {3, 2, 2, 2, 2, 3} for the cases of 1, 2, and 3 PDCCH control symbols, respectively. For the UL, we propose that the sTTI configuration be {3, 2, 2, 2, 2, 3}

2.2 Options for Simultaneous Legacy and sTTI Reception
When sTTI operation is activated, the required receiver operation in relation to reception of legacy and shortened TTI operation needs to be defined. For example, simultaneous shortened TTI and legacy operation requires that the legacy soft buffer sizing be extended to include space for shortened TTI operation. We propose a UE capability option that selects the particular UE reception methodology for sTTI operation. Listed below are two options that should be defined:
Option #1: In a legacy TTI, if the UE is receiving a legacy PDSCH allocation, and within the same subframe, it receives any number of downlink sPDSCH allocations, it shall continue to receive the legacy PDSCH allocation as well as receive all sPDSCH allocations simultaneously. It shall transmit the corresponding ACK/NAK feedback on the uplink for both legacy and shortened TTI operation.
Option #2: In a legacy TTI, if the UE is receiving a legacy PDSCH allocation, and within the same subframe, it receives any number of downlink sPDSCH allocations, it is required to receive the shortened donwlink PDSCH assignment(s) and provide their corresponding ACK//NAK feedback. It may choose to stop reception of the PDSCH or make a best effort at legacy PDSCH reception, but is still required to provide HARQ ACK/NAK feedback. There may be instances where it may be able to suspend legacy receiver operation while receiving the sPDSCH, but resume legacy operation upon concluding the sPDSCH reception and still successfully receive the legacy transmission
Proposal #2: A UE capability flag should be standardized to define simultaneous operation of shortened TTI and legacy TTI.

2.3 Legacy and sTTI Resource Collision Handling

In a previous contribution [3], we provided a description of the sTTI block concept for shortened TTI resource allocation. The blocks comprises a set of RBs and can be defined using the existing downlink resource allocation schemes, particularly, the RBG based approaches which can allow for good coexistence with legacy 1ms PDSCH allocations. In many operational scenarios, sTTI users and legacy 1ms users can be FDM’ed efficiently without overlap. However, note that this block-based design does not preclude support of dynamic 1ms PDSCH allocations that can overlap with the sTTI block structure. In a given sTTI, a low latency user may be assigned sTTI blocks that may have been already assigned to a 1ms legacy PDSCH user. This operational scenario is shown in Figure 2.  


[bookmark: _Ref457291964][bookmark: _Ref457291957]Figure 2: Coexistence of shortened TTI and Legacy 1ms users

For this case, a transmission is made in the legacy PDCCH region that can indicate legacy 1ms PDSCH resources used within the subframe. A low latency user can receive this information at the start of the subframe, and if assigned a sTTI transmission during the subframe comprising a set of sTTI resource blocks, will rate-match around the legacy PDSCH allocation when receiving both the sPDCCH and sPDSCH channels. This methodology effectively handles these collision cases between legacy and low latency users, at the expense of additional PDCCH overhead.  To mitigate the overhead and in light of the fact that the scheduling of legacy 1-ms may be bursty and may persist for a certain duration, the legacy resource information that is sent on the PDCCH can be configured to be sent with a particular periodicity. The magnitude of the periodicity can be correlated to how dynamic the DL legacy PDSCH resource allocation is at the eNB. In addition, the sPDCCH and sPDSCH will also rate match around the common signals, CRS/PSS/SSS/PBCH, as well as other RBs that are reserved via RRC signaling, such as NB-IOT resource allocations. 
Proposal #3: To efficiently support simultaneous legacy and low latency transmissions, information indicating the legacy resource usage within the subframe can be a combination of a dynamic PDCCH transmission with a preconfigured periodicity and a semi-static configuration. The low latency users can use this to rate match around these used legacy resources.

2.4 Candidate DMRS positions within sTTI layout and Associated Signalling

In a previous contribution [3], we discussed the need to dynamically insert a DMRS pilot into the UL sTTI resources. For the case of 2-symbol sTTI operation, a static allocation of a DMRS signal will result in excessive DMRS overhead, resulting in a lower data throughput. For the 2-symbol sTTI, the eNB can dynamically schedule the uplink DMRS position within the sPDCCH grant, and can multiplex multiple users by configuring each user to transmit with a different cyclic shift value. To signal the transmission of an uplink DMRS position, we can specify a set of 4 patterns that contain different data and DMRS placements within the sTTI as shown in Figure 3. The patterns can be configured from either an uplink or downlink sPDCCH grant. In the case of an uplink grant,a user may either configure data only, data + DMRS, or DMRS only configurations.
This set of patterns can create a variety of PUSCH + DMRS sequences via multiple sequential sPDCCH grants.  Via pattern #3, a user can configure a DMRS transmission without sending a PUSCH allocation, thereby allowing for pre-allocating a DMRS reference signal for a future PUSCH allocation in a future sTTI. Also, note that two sets of patterns are given for the 2 symbol and 3 symbol sTTI cases.


[bookmark: _Ref465605598]Figure 3: Combinations of Dynamically Scheduled Uplink sPUSCH and DMRS allocations

Proposal #4: A dynamic UL DMRS structure should be implemented via selection of one of multiple defined PUSCH + DMRS patterns

[bookmark: _GoBack]
3	Conclusions 
Based on the discussion presented in the paper, we outlined some specific proposal related to sTTI operation:
Proposal #1: for 2-symbol sTTI operation, we propose that the DL sTTI configurations be {2, 2, 2, 2, 2, 3}, {2, 3, 2, 2, 2, 3}, and {3, 2, 2, 2, 2, 3} for the cases of 1, 2, and 3 PDCCH control symbols, respectively. For the UL, we propose that the sTTI configuration be {3, 2, 2, 2, 2, 3}
Proposal #2: A UE capability flag should be standardized to define simultaneous operation of shortened TTI and legacy TTI.
Proposal #3: To efficiently support simultaneous legacy and low latency transmissions, information indicating the legacy resource usage within the subframe can be a combination of a dynamic PDCCH transmission with a preconfigured periodicity and a semi-static configuration. The low latency users can use this to rate match around these used legacy resources.
Proposal #4: A dynamic UL DMRS structure should be implemented via selection of one of multiple defined PUSCH + DMRS patterns


4	References

[1]		R1-161009 	Processing Time Reduction and Related Procedures for Downlink, Qualcomm Inc.
[2]		R1-161010 	Processing Time Reduction and Related Procedure for Uplink, Qualcomm Inc.
[3] 		R1-161008	Downlink Design for Shortened TTI, Qualcomm Inc.
[4]		R1-161009 	Uplink Design for Shortened TTI, Qualcomm Inc.


1/6
image1.emf
C

o

n

t

r

o

l

C

o

n

t

r

o

l

C

o

n

t

r

o

l

2 2 2 2 2 3

2

3 2 2 2 3

3

2 2 2 2 3

DL sTTI configuration

1sym PDCCH

DL sTTI configuration

2sym PDCCH

DL sTTI configuration

3sym PDCCH


oleObject1.bin
Control


Control


Control


2


2


2


2


2


3


2


3


2


2


2


3


3


2


2


2


2


3


DL sTTI configuration
1sym PDCCH


DL sTTI configuration
2sym PDCCH


DL sTTI configuration
3sym PDCCH



image2.emf
Time

sTTI 0

S

y

s

t

e

m

 

B

a

n

d

w

i

d

t

h

sTTI 1

sPDSCH for UE A

sPDSCH for UE C

B

l

o

c

k

 

0

B

l

o

c

k

 

1

sPDSCH for UE A sPDSCH for UE B

L

e

g

a

c

y

 

P

D

C

C

H

Legacy PDSCH

(UE A rate matches sPDSCH 

around legacy PDSCH as well NB-IOT 

allocations as shown by cross hatched region)

(UE C rate matches sPDCCH/sPDSCH 

around legacy PDSCH as well as NB=IOT 

allocations as shown by cross hatched region)

Legacy PDCCH indicates to 

sTTI users the resources 

used by Legacy PDSCH

{

NB-IOT

sPDCCH sPDCCH

sPDCCH


oleObject2.bin
Time


sTTI 0


System Bandwidth


sTTI 1


sPDSCH for UE A



image3.emf
D D

D R

Uplink DMRS Pattern #0

Null

R

R D

D

Data Sym

R

DMRS Sym

2 sym 

sTTI n+k

Uplink DMRS Pattern #1

Uplink DMRS Pattern #2

Uplink DMRS Pattern #3

D D

D D

Null Null

R D

3 sym 

sTTI n+k

D

R

R

D


oleObject3.bin
D


D


D


R


Uplink DMRS Pattern #0


Uplink DMRS Pattern #1


Null


R


Uplink DMRS Pattern #2


D


Data Sym


D


R


D


Uplink DMRS Pattern #3


D


D


D


Null


R


DMRS Sym


2 sym sTTI n+k


Null


R


D


3 sym sTTI n+k


D


R


R


D



