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Variable-sized Radio Blocks

1 Introduction.

One of the goals of GERAN Evolution is to reduce the latency between the mobile station and the Gi interface. Although a significant proportion of this latency is incurred in devices and interfaces which are outside the scope of standardization, we should not ignore the delay incurred over the air interface. 

This paper presents a proposal for Variable Sized Radio Blocks (VSRB) which could reduce the air-interface delay for small amounts of PS data, both in the uplink and in the downlink.

Already included in the Feasibility Study [1] is a proposal from Ericsson to reduce the Transmission Time Interval (TTI) from 20ms to 10 or even 5ms.  In this paper, we compare our proposal with the reduced TTI (‘RTTI’) scheme.
2 Motivation

For the transfer of large amounts of data, the latency is primarily determined by the bandwidth available, and, for a given resource allocation and modulation/coding scheme, this is fixed.  In fact, the delay (as noticed by the user) is only affected only by the delay of the last radio block in the LLC frame (since the LLC frame cannot be passed to higher layers before it has been reassembled).
For the last block in an LLC frame, and for small amounts of data in general, the limiting factor is the delay while the receiver waits for all four bursts to arrive. VSRB aims to reduce this delay in those situations where the amount of data to be sent is small (compared with the amount which could be transmitted in 4 bursts frames).
3 Concept Description
3.1 Overview

Under the proposed scheme, new burst mapping rules would be defined (using existing burst structures) which would allow a receiver to decode both the data and header parts of a frame using fewer than four bursts; the exact number would depend on the amount of data to be sent.
Convolutional encoding and puncturing would be used as in the current schemes, although with modified input and output block lengths.
The existing allocations (4 bursts over 4 TDMA frames) are used, which means there are no impacts on the scheduling algorithms or channel assignments, and hence no need for resource segregation.

3.2 Example:  TCP ACK (52 octets)
Using the proposed scheme, an uncompressed TCP Acknowledgement (52 octets) could be mapped onto only 2 bursts, using either MCS-8 or MCS-9, allowing the receiver to decode the data and header 10ms earlier than it would if using the existing burst mapping.

The new burst mapping for ‘MCS-9_2’ is shown below for the first two bursts (note that the normal burst structure is used unchanged):
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In order for the receiver to be able to decode the header using only two bursts, the header bits that are currently sent in bursts 3 and 4 would be sent in bursts 1 and 2.  The current bit-swapping procedures would need to be modified to account for the additional header information in these bursts.
For reference, the current burst mapping is, for all four bursts:
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In this example, bursts 3 and 4 would not be needed by the receiver to decode the header and data.  However, in order to ensure backwards-compatability, the USF in downlink blocks must be mapped onto the bursts in the same way as currently.  Furthermore it is proposed that ‘unused’ blocks contain redundant data (using Incremental Redundancy) so that if the receiver is unable to decode the data using just two bursts, it may use soft-combining to attempt to decode the data after all four blocks have been decoded.

The timeline is shown below comparing existing and proposed schemes: 
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3.3 Signalling/Detection

The signalling of the use of the new mapping schemes remains an open issue and FFS.  Possible approaches may include:

· Using the stealing bits (subject to the restriction, obviously, that the receiver must be able to determine that this block should be decoded after n bursts, having received 2n stealing bits).  
· Blind detection (by attempting to decode the header)

· Indication in the previous block that the next block may use a shorter block

If stealing flags were used, it may be possible to allow a legacy mobile to decode the header (and thereby determine that the block was not intended for them), by mapping header bits to all blocks as done currently, and defining stealing flag patterns so that a legacy mobile would 'correct' the new unknown pattern to a currently-defined pattern corresponding to the legacy 4-burst modulation/coding scheme.
3.4 Radio Block Capacity

The amount of (uncoded) data that can be transmitted in each radio block is shown in the table below for MCS-7 to MCS-9.  For example, if 18 octets (or fewer) are to be sent using MCS-7 coding and puncturing, this can be sent in one burst, allowing a reduction of 15ms in the one-way delay. 

	Bursts used
	Reduction in delay (ms)
	RLC Blocks
	MCS 7
	MCS 8
	MCS 9

	1
	15
	1
	144

(18)
	177

(22)
	194

(24)

	2
	10
	1
	401

(50)
	487

(60)
	530

(66)

	3
	5
	1 (see Note)
	705

(88)
	854

(106)
	928

(116)

	
	
	2
	2 x 343 = 686

(2 x 42)
	2 x 418 = 836

(2 x 52)
	2 x 455 = 910

(2 x 56)

	4

(Legacy)
	-
	2
	2 X 448 = 896
	2 X 544 = 1088
	2 X 592 = 1184

	Numbers in (…) are octets, rounded down; 

Note: because of the problem of retransmitting (see below) it is proposed that data sent in three bursts be sent as 2 RLC blocks.


3.5 Retransmissions

Existing modulation and coding schemes belong to one of three families for the purpose of retransmissions.  However, for the MCS7/8/9 1- and 2-burst options, the overall code rate (using all four bursts) would be lower than other code rates, and may not benefit from retransmission using a lower coding scheme.  

For the 3-burst options (using 2 RLC blocks), retransmissions could be carried out using lower coding schemes in the familes shown below (requiring some additional padding).

	Bursts used
	RLC Blocks
	MCS 7
	MCS 8
	MCS 9

	3
	2
	C
	B
	A (possibly B)

	4 (Legacy)
	2
	B
	A
	A

	Note: "(possibly …)" indicates that the amount of data in the original block would need to be reduced slightly.


4 Benefits

As stated in the introduction, the majority of the delay from MS to SGSN is incurred away from the air interface.  However, the benefits described here may be combined with improvements to other interfaces/nodes.
As already stated, the latency for a TCP ACK can be reduced by 10ms; this benefit will apply (cumulatively) to every TCP ACK sent in a TCP session.
A similar reduction can be achieved for small RTP or IP packets, especially when using header compression. (e.g. 40ms of G.729 VoIP data could be transmitted in 2 bursts of MCS 7,8 or 9 using header compression [2]).

In addition, the use of incremental redundancy within the complete radio block would make such transmissions more robust than if sent using the legacy bit mapping (see Section ‎5.3 below).

5 Performance Characterization
5.1 Bandwidth Efficiency

Obviously this proposal increases the overhead as a proportion of the amount of data sent; however, since this scheme would only be used when there was no other data to send, the reduced efficiency is not an issue.

5.2 Latency

The delay incurred by a radio block currently is fixed at 20ms.  By using VSRB, the latency would be lower in those cases where fewer than four bursts are required to transmit the final radio block.
The figure below compares the total air interface delay for varying amounts of data to be sent.  (The graph continues in a similar manner ad infinitum).
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5.3 Block Error Probability

Because the code rate for the reduced-sized blocks will be the same as in the current coding schemes, the block error probability will be very similar, although because of reduced diversity, the probability that a block can be decoded with just the minimum number of bursts may be slightly lower than at present.

However, by using incremental redundancy in the ‘unused’ bursts, the resulting BLER (using all four bursts) will be lower than the legacy scheme (since the overall code rate including all four bursts will be lower than at present), making it less likely that the data must be retransmitted.  This scheme may therefore be appropriate for use where, currently, the coding and modulation scheme would be changed (to a more robust scheme) for the last block of a TBF when a small amount of data is to be sent.
Although the motivation for this feature was the reduction of latency, it may be that the increased redundancy and lower code rate may make this suitable for use in low C/I scenarios.
6 Impacts on Network Entities and Standards
6.1 Impacts to the Mobile Station

The following modifications are required to the mobile station:

· (Transmit) Addition of new interleaving and burst mapping schemes

· (Receive) Addition of new de-interleaving schemes

· (Receive) Addition of soft-combining using redundant data in 'end' bursts
6.2 Impacts to the BSS
The impacts on the BSS are the same as for the mobile station.
6.3 Impacts to the Core Network

There is no impact on the core network

6.4 Impacts to the specifications

The impacted 3GPP specifications are listed in the table below.

	Specification
	Description
	Comments

	43.064
	 GPRS Stage 2
	

	44.060
	 Radio Link Control / Medium Access Control (RLC/MAC) protocol
	

	45.003
	 Channel coding 
	


7 Comparison of VSRB and RTTI

In a previous submission, Ericsson proposed the use of a reduced TTI as a means of reducing latency.  In this section, we compare the two proposals.

The figure below shows the delay incurred over the air interface for sending data where the allocation is 2 TS per TDMA frame; for the RTTI scheme this allows a TTI of 10ms.
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As can be seen, RTTI and VSRB provide broadly comparable delay improvements, although there are ranges over which the delay using VSRB is lower than with RTTI, and (for some small ranges) vice versa.  (Explanation for the case at A-A' is shown in the Appendix)
If, for simplicity, the VSRB scheme is restricted to 4-burst or 2-burst blocks (i.e. 1-burst and 3-burst blocks not possible), the comparison is as shown below:
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One benefit of the RTTI scheme is that it does not reduce bandwidth efficiency; therefore, latency may be reduced for blocks even where more LLC data is buffered (in such circumstances, VSRB would most likely not be appropriate).  However, in order to achieve this, new (multislot, or multi-carrier) channels must be defined; these would not be compatible with legacy mobiles, requiring resource segregation.
VSRB is fully backwards-compatible, as it uses existing allocation schemes and therefore does not need new channel definitions or resource segregation.  However, as shown above, it can provide similar latency improvements (if not better) compared with RTTI.  VSRB can also be applied where a single TS allocation is made (cf. RTTI requires an allocation of two or more timeslots).
8 Conclusion

In this paper we have presented a proposal for Variable-Sized Radio blocks, with the aim of reducing the delay incurred by data, particularly for small amount of data, which are most impacted by delays over the air interface.

As highlighted in section ‎3.3 above, signalling and detection of the use of this scheme is not an insignificant problem, given the potentially high number of variants (i.e. the number of bursts and the coding/modulation scheme used) and risk of error (particularly for 1-burst options).  It is therefore proposed that an appropriate tradeoff between effective latency reduction and additional complexity would be to consider only the 2-burst option further.  This restriction would also remove the problem of defining the appropriate retransmission families for the 3-burst options.
Although this scheme requires some new coding and decoding functionalities in both the mobile station and BSS, the scheme is fully backwards-compatible with existing mobiles, requiring no changes to existing channel defintions or MAC allocation procedures and having no need for resource segregation.  By comparison with the existing proposal to reduce the TTI using multi-slot and/or multi-carrier allocations, the latency improvements are very similar.
9 Text for inclusion in Feasibility Study

It is proposed to include the text of this paper, sections 1 to ‎7 inclusive, as a new subclause 10.3(??) in the Feasibility Study, and to modify the existing clause 10.1 as follows:
Three different enhancements are studied and evaluated:

· Improved ACK/NACK reporting 

· Reduced transmission time interval (TTI)

· Variable sized Radio Blocks

The enhancements reduce overall latency and have a second order effect on mean/average and peak bit rates as reduced latency (i.e. lowering the round trip time) may provide better throughput if the bit rate on the link becomes so high that the maximum buffer window size limits the transmission rate.

The improved ACK/NACK reporting mainly provides reduced latency in non-ideal radio conditions, as the number of re-transmissions is almost zero in ideal conditions. The reduced TTI and Variable sized radio blocks take effect in both non-ideal radio conditions and ideal radio conditions.

The first paragraph of section ‎7 (in this document) should first be modified as follows:
 In subclause 10.2 the use of a reduced TTI (RTTI) is described.  In this section, we compare RTTI and VSRB.
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Appendix – Comparison of RTTI, VSRB
For the case A-A' shown in the figure, the block arrangements are as follows:
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