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1
Summary
We propose to adopt the following for E-UTRA:
· TTI

· Shared data channel always spans 1ms for FDD and TDD

· Transport block mapped to two consecutive (in time) virtual RB in one TTI

· Frequency Hopping for DL/UL shared data channel

· Frequency selective scheduling (FSS)

· No frequency hopping

· Frequency diverse scheduling (FDS)

· Intra-TTI frequency hopping allowed within a TTI
· Downlink

· Fast hopping – one hop per OFDM symbol
· Uplink

· Slow hopping – one hop at 0.5ms subframe boundary
· Repetition of ACK/NAK beyond 1ms allowed
· UE specific repetition factor
2
Discussion
In the last RAN1 meeting, the following was agreed upon:
Parameters (uplink and downlink)

· Resource-block size: 12 sub-carriers during one 0.5ms sub-frame

· TTI: 2 sub-frames (1 ms)
· Repetition of Ack/Nack beyond 1 ms to be considered
Allocation (uplink and downlink)

· Baseline allocation is two consecutive (in time) resource blocks within a TTI

· Possibility for mapping of transport block to single resource block to be considered
· Possibility for intra-TTI frequency hopping (hopping at sub-frame boundary within a TTI) to be considered
In this document, we analyze the underlying issues further.

2.1
TB Mapping to VRB
2.1.1
Number of Coded Bits per RB – Downlink

With 2 consecutive VRB allocated to a single TB (or multiple in MIMO mode), the number of modulation symbols available equals:

· Total number of tones allowed = 168 = 12*14
· Pilot overhead
· Present in 1st and 5th symbols in every 0.5ms subframe

· Punctured into the VRB

· Data rate-matched taking the pilot tones into account
· 1 Tx antenna

· Spacing of 1/6 in frequency domain == 8 tones per RB

· 2 Tx antennas

· Spacing of 1/3 in frequency domain === 16 tones per RB
· Control overhead
· Downlink and uplink assignments

· Uplink HARQ support (ACK)

· Varies with the system load
· Ignored for the purpose of this evaluation

Therefore, the total effective number of tones within each VRB equals 160 or 152, depending on the number of Tx antennas.

Assuming SIMO operation and QPSK modulation, this allows for a 320 coded bits per VRB after encoding. 

2.1.2
Number of Coded Bits per RB – Uplink

With 2 consecutive VRB allocated to a single TB (or multiple in MIMO mode), the number of modulation symbols available equals:

· Total number of “tones” allowed per VRB
 = 144 = 12*12
· Pilot overhead

· Present in 2 short-blocks every 0.5ms subframe
· Already taken into consideration
· Control overhead

· Downlink HARQ support (ACK)

· Downlink CQI

· Downlink MIMO support

· Antenna selection or rank indication, Precoding matrix indication

· Varies with the system load

· Ignored for the purpose of this evaluation

Therefore, the total effective number of tones within each VRB equals 144.

Assuming QPSK modulation, this allows for a 288 coded bits per VRB after encoding. 

2.1.3
VoIP
Based on the assumptions made in [4], a VoIP packet with 12.2k AMR SID contains:

· 56-bits without IP headers

· 39 payload bits + 6 ToC bits + 4 CMR bits + 7 padding bits for byte alignment
· 7 bytes
· IPv4 with no UDP checksum

· 2-byte RoHC header

·  IPv6

· 4-byte UDP checksum
Therefore, the smallest SID frame contains 9 bytes. This does not consider any other headers appended in L2. We estimate this header to span up to 3 bytes.
One needs to consider the impact of low rate vocoders (~4k) as well. As such, the “full” rate payload of such vocoders is still larger than what we have for SID payloads, so we assume that the SID payload dictates the smallest transport block corresponding for VoIP.

2.1.4
TCP ACK

While an uncompressed TCP ACK spans 40-bytes, with header compression, the TCP ACK payload can reduce to 7 bytes. 
2.1.5
MCS for Small Payloads
Considering the number of coded bits available with two VRBs per TTI and the smallest payload sizes anticipated, it is seen that the code rate with QPSK modulation is still greater than ¼. This is not excessively low and is indeed frequently used for delay sensitive packets.
	Packet
	Downlink MCS
	Uplink MCS

	AMR SID
	QPSK rate 0.300
	QPSK rate 0.333

	TCP ACK
	QPSK rate 0.250
	QPSK rate 0.278


Table 1
Small Payload – MCS 
2.2
Frequency Hopping

For E-UTRA, we envisage frequency hopping for two purposes:

· Channel diversity

· This is useful in scenarios when the scheduler cannot rely on channel sensitive or frequency selective scheduling – e.g. VoIP, high speed, etc.

· Interference diversity

· In the absence of any coordination across e-NodeBs, the inter-cell interference is uniformly distributed across the entire bandwidth even in partial loading scenarios
In essence, frequency hopping is used as the baseline technique for frequency diverse scheduling (FDS).

2.2.1
Downlink

For the downlink FDS scheme outlined in [5], each FDS user’s VRB is spread uniformly across all the subbands denoted for FDS use. This is shown in Figure 1.
With this structure, any UE scheduled in FDS achieves maximum frequency diversity on the channel from serving cell. Fast tone level hopping every OFDM symbol implies 14 hops within 1ms TTI. This allows us to have pseudo-orthogonal hopping patterns across cells and minimizes tone collisions of the allocations of two users across different cells. The hopping pattern is implicitly derived from the cell ID and need not be explicitly signaled.
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Figure 1

Frequency Hopping – Downlink 
2.2.2
Uplink

For the uplink FDS scheme outlined in [5], each FDS user relies on intra and inter-TTI hopping. 

In case of intra-TTI hopping, the UE hops once at the 0.5ms boundary within 1ms TTI, utlizing a cyclic shift or mirror transposition, as shown in Figure 2.

In case of inter-TTI hopping, the UE hops every TTI in the corresponding HARQ process.
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Figure 2

Frequency Hopping – Uplink 
In [6], we compared the performance of intra-TTI and inter-TTI frequency hopping using LFDM waveform for the shared data channel. 

It was seen that for small 1st transmission BLER operating point (less than 10%) and small bandwidth allocation (less than 750 KHz), intra-TTI frequency hopped LFDM performance is better than that of inter-TTI frequency hopped LFDM.
2.3
ACK Repetition

In [3], it was shown that ACKCH is link budget limited due to the absence of HARQ. This was one of the reasons why 0.5ms TTI was deemed inadequate for E-UTRA.

With 1ms TTI, the ACKCH is no longer link budget limited for the evaluated scenarios (specifically 1732m site-to-site layout with 20 dB penetration losses).

However, to cope with unforeseen deployment scenarios, we believe that ACK channel repetition beyond 1ms should be allowed in the system, adding an element of robustness to E-UTRA.
We propose that the repetition factor is UE specific and configured through higher layer signaling.
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� TDD here implies the FDD-aligned numerology version, not the alternative (0.675ms subframe) TDD numerology


� The use of the word “tones” is misleading, since this is a single carrier waveform. The span of each VRB is 180 KHz.
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