
3GPP TSG RAN WG1#87
R1-1612739
14-19 November 2016
Reno, USA
Agenda item:
6.2.10.2.1
Source: 
Motorola Mobility
Title: 
Shortened TTI structure 
Document for:
Discussion
1   Introduction
As per [1], RAN1 is expected to specify the following:

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded


In RAN1#86bis, several proposals related to supporting 2+3 symbol sTTI patterns within a subframe were discussed [2], and the following conclusion was made: 
· Aspects to consider when downselecting between the 2OS DL sTTI in 

· Orphan symbol sTTI

· Support of distributed resource block allocation together with sTTI operation

· Slot based sTTI operation together with 2 symbol sTTI operation

· CSI-IM

· Varying number of shortened TTI within a subframe

· PCFICH detection error

· HARQ timing

· Achievable minimum HARQ/scheduling timing with varying sTTI length

· UL sTTI structure

· Other aspects can also be considered

In this document we provide our views on DL sTTI pattern.
2   Discussion

2.1   Performance and complexity impact
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Figure 1: [2,2,2,2,2,2,2] sTTI Pattern

Among the proposed layouts in [2], one pattern consists of only 2-symbol sTTIs (shown in Figure 1 REF _Ref466004124 \h 
) which we refer to as “pure sTTI layout”, while other patterns are composed of different combinations of 2-symbol and 3-symbol sTTIs, which we refer to them in this contribution as “hybrid sTTI layouts”. 
The pure sTTI layout based on having only 2-symbol sTTIs in a subframe provides opportunity for the smallest possible latency amongst the proposed layouts and also would lead to a cleaner implementation compared to hybrid sTTI layouts. 
· For hybrid sTTI layouts, the HARQ timing should follow two parallel timelines i.e., one based on 2 symbol sTTIs and another (slower) based on a 3 symbol sTTI which can lead to increased implementation and specification complexity. Alternately, if the HARQ timeline is based on the processing requirements for the worst-case (i.e., 3 symbol sTTI), implementation complexity can be simplified but average latency is increased. Worst case latency for the 2+3 sTTI patterns is limited by the processing time requirement for 3 symbol sTTI.

· Table 1 shows achievable user throughput for FTP over TCP (with slow-start modelling) for different TCP ACK delay assumptions. Assuming 12 sTTIs as a nominal value for TCP ACK delay, the delay for [2,2,2,2,2,2,2] sTTI pattern would be 24 OFDM symbols. For sTTI patterns with longer sTTIs, the delay would be longer. We provide results with 30 OFDM symbol delay and 36 OFDM symbol delay for comparison as average delay for 2+3 sTTI patterns is expected to be in that range depending on UE implementation.  From the results shown in Table 1, it can be inferred that moving from 2 symbol pure sTTI pattern to a hybrid pattern will result in non-negligible UTP degradation. Considering that 2symbol sTTI is used mainly for latency reduction gains over slot-level TTI, results show that 25.1% gain with 2symbol sTTI and 24 OFDM symbol delay reduces to 19.6% gain with 36 OFDM symbol delay.

Table 1: Throughput comparison for different TTI length and TCP ACK delay values
	
	Slot-level sTTI (12*7=84sym TCP delay)
	2sym sTTI 
(12*2=24sym TCP delay)
	2sym sTTI 
(12*2.5=30sym TCP delay)
	2sym sTTI 
(12*3=36sym TCP delay)

	Median UPT (Mbps)
	34.9
	43.7
	42.8
	41.8

	Notes: 

1. Results shown for 30%RU; additional results shown in Table 3 in Annex A
2. Detailed simulation assumptions given in Table 2 in Annex A


Observation 1: Using a hybrid 2+3 sTTI pattern instead of [2, 2, 2, 2, 2, 2, 2] pattern results in degraded system performance due to increased average and worst-case UE processing delay. 

2.2   Impact on eNB scheduling
In RAN1#86bis, impact on eNB scheduling was a key motivation cited for using hybrid 2+3 sTTI pattern instead of [2,2,2,2,2,2,2] pattern. Specifically the issue of TDM operation between slot based sTTI and 2 symbol sTTI was discussed.
From the perspective of multiplexing UEs of different sTTI lengths, FDM or dynamic resource sharing are best for latency reduction and TDM approaches are not suitable. Given this, the need for optimising sTTI patterns to support TDM between 2 symbol sTTI UEs and slot-level sTTI UEs in the same frequency resources is not clear. Additionally, moving to a 2+3 sTTI pattern only allows TDM between 2 symbol and slot-level sTTI for the special case where 2 symbol sTTI in the first slot is aligned with slot boundary, and TDM is not possible for the more general case where 2 symbol sTTI is not aligned with slot boundaries (e.g., TDM scheduling is not possible for a 2 symbol sTTI UE in the middle of the second slot when a slot-level UE is already scheduled in the slot). 

Therefore, we do not think 2+3 sTTI patterns provide any clear advantage in terms of scheduling flexibility when compared to [2,2,2,2,2,2,2] pattern. In fact having the same number of OFDM symbols in each sTTI (i.e., [2,2,2,2,2,2,2] pattern) should simplify scheduler implementation in terms of resource allocation and HARQ management.

Observation 2: 
· From the perspective of multiplexing UEs of different sTTI lengths, FDM or dynamic resource sharing are best for latency reduction and TDM approaches are not suitable. 
· Given this, 2+3 sTTI patterns do not provide any clear advantage in terms of scheduling flexibility when compared to [2,2,2,2,2,2,2] pattern. Instead, such 2+3 sTTI patterns complicate scheduler implementation in terms of resource allocation and HARQ management.
2.3   Impact on CSI-RS/CSI-IM design
Using a [2,2,2,2,2,2,2] sTTI pattern results in CSI-RS/CSI-IM of consecutive OFDM symbols to be mapped to different sTTIs. Some proposals discussed in RAN1#86bis cited that it is desirable to have CSI-RS/CSI-IM of consecutive OFDM symbols in the same sTTI, and proposed 2+3 symbol sTTI patterns for achieving this. However, the need for localising CSI-RS/CSI-IM of consecutive OFDM symbols in the same sTTI is not clear. 

For a high load scenario, where most of the subframes/sTTIs are occupied, UE interference measurements are not expected to vary that much irrespective of whether CSI-RS/CSI-IM resources are present in same sTTI or span two different sTTIs. For low load scenarios, since the objective of measurements on CSI-IM resources is to get an estimate of average interference, having the CSI-RS/IM resources span different sTTIs can provide a better average interference estimate compared to having them in the same sTTI.
Observation 3:  
· Using a [2,2,2,2,2,2,2] sTTI pattern results in CSI-RS/CSI-IM of consecutive OFDM symbols to be mapped to different sTTIs.
· Having the CSI-RS/IM resources span different sTTIs can provide a better average interference estimate compared to having them in the same sTTI, and given this the need is not clear for having an sTTI pattern which localises CSI-RS/CSI-IM of consecutive OFDM symbols in the same sTTI.
3 Conclusions

In this contribution we discuss sTTI design and make the following observations
Observation 1: Using a hybrid 2+3 sTTI pattern instead of [2,2,2,2,2,2,2] pattern results in degraded system performance due to increased average and worst-case UE processing delay. 

Observation 2: 
· From the perspective of multiplexing UEs of different sTTI lengths, FDM or dynamic resource sharing are best for latency reduction and TDM approaches are not suitable. 
· Given this, 2+3 sTTI patterns do not provide any clear advantage in terms of scheduling flexibility when compared to [2,2,2,2,2,2,2] pattern, and instead, complicate scheduler implementation in terms of resource allocation and HARQ management.
Observation 3:  
· Using a [2,2,2,2,2,2,2] sTTI pattern results in CSI-RS/CSI/IM of consecutive OFDM symbols to be mapped to different sTTIs.
· Having the CSI-RS/IM resources span different sTTIs can provide a better average interference estimate compared to having them in the same sTTI and given this the need is not clear for having an sTTI pattern which localises CSI-RS/CSI-IM of consecutive OFDM symbols in the same sTTI.
Given the above observations, we propose that [2,2,2,2,2,2,2] pattern is used for DL sTTI layout.
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5 Annex A (Simulation Assumptions, Methodology, and Results)
Table 2: Additional simulation assumptions 
	Parameter
	Assumption/Value

	Layout
	Small cell scenario 2a, 7Macro eNBs

	System bandwidth per carrier
	10MHz

	TTI length
	7 symbols, 2 symbols

	Fast UL Access schemes
	None

	RS and control signaling overhead
	For 0.5ms TTI, 46 RBs for the duration of 6 symbols is assumed to be available for data transmission in a slot to account for the overhead.
 For 2-symbol TTI, 42 RBs for the duration of 2 symbols is assumed to be available for data transmission in a 2-symbol TTI to account for the overhead.

	Antenna configuration
	2Tx(eNB)

	Number of UEs
	User arrival varied according to load (FTP1)

Mixture of latency reduction capable UEs and legacy UEs is not simulated

	Traffic Model
	FTP Model 1 (0.5 MB pkt size)

	TCP Modeling
	1500 Byte MTU Size (including headers)

Initial SSThreshold value  - 65535 Bytes

Three-way handshake modeled for the first packet of each user

Ideal TCP-ACK transmission is assumed

TCP connection is maintained for the duration of simulation

	Duration of simulation
	40s for FTP Model 1


Other evaluation assumptions are as described in [3].

To compare the hybrid and pure sTTI structures, the hybrid structure is modelled in the simulation as a pure sTTI structure but with larger TCP ACK delay. The larger TCP ACK assumption is due to having sTTIs of 3-symbol length in the hybrid structure. 
Table 3 shows the median throughput for 2-symbol sTTI (for TCP ACK delay=24, 30, and 36 OS) and 7-symbol sTTI (for TCP ACK delay=84OS) for 0.5MB packet size.

Table 3: Throughput results
	
	
	Low load
	Medium load
	High load

	
	
	
	
	
	
	
	
	
	
	

	
	
	7OS
	2OS
	2OS
	2OS
	7OS
	2OS
	2OS
	2OS
	7OS
	2OS
	2OS
	2OS

	
	TCP ACK

delay=

84 OS
	TCP ACK delay=

24 OS
	TCP ACK delay=

30 OS
	TCP ACK

delay=

36 OS
	TCP ACK

delay=

84 OS
	TCP ACK delay=

24 OS
	TCP ACK delay=

30 OS
	TCP ACK

delay=

36 OS
	TCP ACK

delay=

84 OS
	TCP ACK delay=

24 OS
	TCP ACK delay=

30 OS
	TCP ACK

delay=

36 OS

	DL:
	5%
	15.4
	16.3
	16
	15.8
	11.9
	12.2
	11.9
	11.8
	6.8
	5.8
	5.8
	5.7

	UPT CDF
	50%
	38
	49.5
	48.4
	47.2
	34.9
	43.7
	42.8
	41.8
	30.4
	36
	35
	34.3

	[Mbps]
	95%
	41.1
	56.1
	54.4
	52.8
	41.1
	56.1
	54.4
	52.7
	41.1
	56
	54.4
	52.7

	
	Mean
	33.8
	43.6
	42.5
	41.4
	31.5
	40.1
	39
	38
	28.2
	35.1
	34.2
	33.4

	RU
	
	~20%
	~30%
	~60%

	𝜆 [user arrival rate/macro cell/sec]
	3
	4.5
	6

	Notes:
	
	0.5MB packet size









