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1. Introduction

In the RAN1 LTE Ad Hoc meeting in Cannes the topic of size and number of TTIs to be supported was discussed [1][6].  Four TTI proposals were summarized at this meeting [7][8] and are considered in this paper.  Dynamically switching between TTI sizes is shown with out any significant problems especially with asynchronous HARQ. Some restrictions are beneficial with synchronous HARQ and are investigated. 
2. TTI proposals
One outcome of the Cannes meeting was an agreement for the subframe size to be 0.5ms.  However, there was no agreement with regard to TTI size, the number of TTIs and how to switch between multiple TTIs. Four proposals were considered and are listed in Table 1 below.
Table 1 – TTI proposals [7][8]

	Proposals
	Considerations

	P1: 0.5ms and 2ms TTI
	Semi-static, per user or per cell (dynamic discussed)

	P2: 1.0ms TTI
	Medium coding gain, Medium CCH overhead

	P3: 0.5ms TTI
	Low coding gain, High CCH overhead

	P4: 0.5ms TTI with automatic re-transmission
	CCH overhead may be better than P3


Proposal 1 (P1) supports two TTI sizes where semi-static is considered but dynamic allocations are possible.
Proposal 2 and 3 (P2 and P3) are for a single TTI.  P2 is 1ms TTI which is expected to have lower L1/2 control channel overhead than using a 0.5ms TTI. 
Proposal 4 (P4) supports only one TTI but effectively larger TTI sizes are achieved with automatic re-transmission.  It is not clear how control channel overhead reduction is achieved with this proposal.
3. Variable/Multiple TTI

The pros and cons of variable or multiple TTI for LTE are given:

· Pros
· Lower control overhead – Meet 25.913 Spectral Efficiency/User T-put

· Match coverage requirements

· Match QoS needs (small packet services vs. FTP download)

· VoIP better with 0.5ms than 1.0ms TTI for certain conditions (Annex A)
· Meet 25.913 delay requirements & support for low latency services (Annex B)
· Smaller size retransmissions (many times full re-transmission not necessary)

· Cons

· Added Complexity?
· None if Asynchronous HARQ used (supported by DL)

· If Synchronous HARQ (e.g. UL) then some restrictions may be useful:

· Retransmissions use smaller TTI size

· Choose N for N-channel S&W protocol and one TTI pair (e.g., (0.5, 1.0)ms TTI pair or (1.0, 2.0)ms TTI) pair to avoid potential ACK/NACK race condition.
· No testing problems expected for variable/multiple TTI (same building block)

· A type of variable TTI has been deployed in millions of phones

· With variable TTI, frame duration assigned like an MCS parameter

4. P1: TTI pair
In this section support of two TTIs are considered.

· TTI pairs: (0.5,1) or (1,2) or (0.5,2) ms

· Duration field in L1/L2 control channel can indicate TTI size

· Asynchronous HARQ avoids problems

· Retransmission flexibility avoids timing issues when large TTI follows a series of consecutive small TTIs
· Synchronous HARQ retransmission limitation creates restrictions

· Allow use of minimum TTI (e.g. 0.5ms) for re-transmissions to avoid persistence of larger TTIs

· Avoids creating larger TTI if only needed for re-tx for one user

· Choose N for N-channel S&W protocol and one TTI pair (e.g., (0.5, 1.0)ms TTI pair or (1.0, 2.0)ms TTI) pair to avoid potential ACK/NACK race condition (resource hole)

· channel sounding for channel dependent scheduling is more work/resources than a few bits for UL asynchronous HARQ
For synchronous HARQ some restrictions are useful to avoid potential problems. One is to use the minimum TTI size on retransmissions to avoid the larger TTI from having to be allocated on subsequent retransmissions.  This is also useful since it can be beneficial performance wise to use smaller size retransmissions.  Another restriction is to choose the N of the N-channel stop and wait protocol to avoid an ACK/NACK race condition which can result in an unallocated resource or a ‘resource hole’ (see Figure 1). It occurs when RBs must be reserved in larger TTIs to support synchronous HARQ retransmissions.

· Resource Hole

· Reserving RB(s) for a Synchronous HARQ retransmission in a larger TTI that eventually goes unused

· RB(s) reserved since ACK/NACK has not been received from UE for previous packet (re)transmission using smaller TTI 

· RB(s) can go unused if ACK is received
· Resource Hole Avoidance

· Choose larger N for minimum TTI size (e.g. N=5) such that race condition is avoided

· Note that N>4 is expected for 0.5ms TTI (e.g. N=6 for N-channel stop and wait protocol)
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Figure 1 – ACK/NACK race condition with N=4 stop & wait HARQ protocol and resource hole
5. P2: 1ms TTI 
Fixed 1ms TTI cannot meet delay requirement. A modified proposal 2 is considered where:
· Single TTI length of 1ms but 0.5 and 1ms addressable RBs are possible

· Duration field could indicate assigned resource block length

· Control overhead reduction and best fit for small packets (e.g. VoIP)
· Smaller size RBs mean more resource map overhead

· 12-15 subcarriers not small enough for VoIP packing in 1ms TTI (see Annex A)
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Figure 2 – 1ms TTI supporting 0.5ms and 1ms resource blocks
6. P3: 0.5ms TTI

Good for latency and VoIP, poor for control channel overhead. [4]
7. P4: 0.5 ms TTI with automatic retransmission

Some observations with regard to proposal 4:
· Single TTI length but automatic re-transmission effectively creates larger TTI

· Auto-Retransmission has CRC and requires ACK/NACK

· Duration field could indicate #auto re-tx and therefore effective TTI size

· Difficult to achieve control channel overhead reduction

Control channel assignment overhead reduction difficult as control may occur in every subframe. Possible solutions include:
· Scaling control overhead for number of users in the TTI

· Impose restrictions on when control assignments may occur.

For example, a 0.5ms base TTI could be extended to either 0.5ms or 1ms, with control assignments only occurring every 1ms (similar to modified P2 considered above).
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Figure 3 – Proposal 4 with 0.5ms TTI and automatic retransmission
8. Conclusions

The main case for supporting P1 or a slightly modified P2 are lower control overhead, support for smaller sized retransmissions, better granularity for more efficient handling of small packets and supporting higher VoIP capacity in high SINR conditions, and finally lower delay for meeting 25.913 and supporting very low delay (e.g. VoIP, gaming) services. The modified P2 described in this paper has most of these benefits and does not require switching between two TTIs to support 0.5 and 1.0ms transmissions.  Uplink asynchronous HARQ would simplify P1 and would also better support UL frequency selective scheduling. Sounding overhead associated with FSS would make asynchronous HARQ overhead insignificant.  Interference coordination might also benefit from having flexibility of UL asynchronous HARQ.
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Figure 4 – Resource Allocation of pairs of 15 sc RBs. Uplink control has 15 sc RBs edge of carrier.
ANNEX A

VoIP Performance with 0.5ms vs. 1.0ms TTI and different SINR environments

· Scenarios reflect different SINR assumptions (see Table below)

· 1 Resource Block (RB) = 15 subcarriers

·  7.95kbps AMR codec is assumed

· For high SINR scenarios, capacity with 1ms TTI will be limited due to lack of granularity

·  For 0.5ms

·  M2 = 1 RB, M1 = 2 RBs, M0 = 4RBs

·  For 1.0ms

·  M2 = 1(0.5)RB, M1 = 1RB, M0 = 2RBs

· i.e. want to used 0.5RB for 1ms TTI

· Further improvements for packing:

·  <7.95kbps AMR codec rate

·  Interference Avoidance

·  Frequency diversity or hopping

·  PC enhancements
For low to moderate SINR scenarios then UEs pack into the TTI efficiently for both the 0.5ms and 1.0ms TTI. However, for High SINR scenarios, UEs cannot be packed as efficiently into the 1.0ms TTI because only ½ a resource block is needed for a significant portion of the users in a cell. 
This spreadsheet analysis is meant to show that RB bandwidth needs to shrink as TTI length gets larger or that the RBs need to be split in order to efficiently support VoIP or other small packet services

Further drivers or improvements for more dense packing of VoIP users are lower codec rates, higher SINR from interference avoidance, frequency diversity, or PC enhancements
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· Assumptions for spreadsheet analysis:

·  7.95kbps AMR codec

·  Solid lines from spreadsheet analysis (100% VAF)

·  Dotted lines from simulation capturing voice activity (32% VAF + SID)

·  Retransmissions are not assumed

·  Nominal capacity assumes a scheduler that packs users in perfect manner. This means no control channel limitations, DRX/DTX limitations, grouping is not accounted for. 
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ANNEX B

U-plane Latency and TR25.913 requirement
· Delay calculations for the different TTI lengths per R1-061602

· Total delay due to ROHC, Ciphering, and RLC/MAC processing is ~ 0.5ms  ( target requirement is ~4.5ms one way

· This delay is based on an unloaded system with a zero-sized payload scenario, and would be higher if delay contributions from scheduling and packet lengths were not ignored.

· HARQ retransmissions should be included within the calculation, at the very least on average basis (e.g., p). 
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· Is this delay calculation meaningful? 

· HARQ not clearly specified in requirements (none? Average? Max?)

· A case can also be made for including a minimum number of full HARQ retransmissions into the delay budget to ensure a system can always provide HARQ retransmissions for adequate coverage at any time. It may also make sense that the system latency specification be an absolute rather than a statistical value. 

· Delay calculations (values) will help determine type of processing required (e.g., channel coding parallel processing) and number of HARQ channels 

· System simulations for different traffic types maximizing desired metrics (sector tp, 5% etc.) may determine the desired allowable latency (allowable HARQ retx, TTI sizes, etc.)
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