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1 Introduction

The possibility of operating the physical/MAC layer ARQ without soft combining was proposed in [1]. The current version of the TR 25.896 [2] also mentions the possibility of using ARQ without soft combining, especially in SHO situation where reliable outband information is more difficult to implement. In this contribution we discuss further the physical/MAC layer ARQ without soft combining and compare it with the physical/MAC layer HARQ with soft combining. The emphasis is on the signalling overhead, both outband and inband signalling is considered. Some simulation results showing the required overhead due to outband signalling are presented, too. The throughput gain with soft combining seen so far [3] seems not to be high enough to justify the increase in the outband signalling.

2 Physical/MAC layer ARQ without soft combining

There have been suggestions to introduce fast physical/MAC level ARQ without soft combining between the UE and the Node B. The features and requirements of such scheme are discussed in this section.

The fast physical/MAC ARQ without soft combining could be based on N-process SAW protocol in the same way as the HARQ described in the TR [2]. There would still be only one ACK/NAK per TTI, i.e., the whole TTI would be acknowledged at a time and retransmitted if needed. Since there is no soft combining, the retransmitted block need not be identical with the first transmission. Therefore, the retransmission could happen in pieces, e.g., if the channel resource has changed between the transmissions. There could also be retransmissions and new transmissions within the same TTI, e.g., if the channel resource has increased between transmissions (more channel bits available for E-DCH(s) during the retransmission).

Figure 1 shows as an example operation of one SAW ARQ process for a 10 ms TTI length and N=3 ARQ processes. The round trip time for N=3 ARQ processes and TTI = 10 ms is 30 ms.
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Figure 1 Operation of one SAW ARQ process with 10 ms TTI length and N=3 ARQ processes
2.1 Signaling

The required outband and inband signalling for the fast physical/MAC layer ARQ is discussed in this section.

Outband signaling here means signaling which is sent separately from the data itself. It is typically protected with own CRC and channel coded separately from the data channel. The important point is that the outband signaling can be decoded even if there are errors in the data block. In contrast, inband signaling is typically a higher layer header, which cannot be decoded if the data block is in error (same CRC is used for both header and data). Notice that Rel99 TFCI is also outband information.

2.1.1 Outband signaling

Without soft combining, there is no need to signal the HARQ process number, the redundancy version nor the new data indicator. Rate dematching in the Node B needs to know the number of input and output bits for E-DCH. The number of output bits, i.e., the number of channel bits available for E-DCH(s) is known from TFCI (at least for 10 ms TTI). If the number of input bits is tied to the number of output bits in the same way as in Rel99/4/5, then there is no need for outband signalling (other than TFCI). If however, the number of input bits should be the same for the first and retransmissions, then outband signaling is needed to tell the number of input bits, i.e., the transport block set size.

2.1.2 Inband signaling

For reordering purposes, there should be a new sequence number (MAC-e TSN) added to each transport block set (one TSN per TTI) if the whole TTI is always retransmitted at the same time, or added to each MAC-d PDU if the number of MAC-d PDUs can be different in the retransmission. In the former case the reordering is done for tranport block sets (like in HSDPA) and in the latter case for MAC-d PDUs. If several priorities are allowed within one transport channel, then also the priority needs to be signaled inband. MAC-d PDU size and the number of MAC-d PDUs needs to be signaled in the MAC-e header only if more than one MAC-d PDU is included in the MAC-e PDU.

3 Physical/MAC layer HARQ with soft combining

A similar physical/MAC layer HARQ between UE and Node B in the uplink as in HSDPA for the downlink is proposed in [2]. The physical/MAC layer HARQ could be based on N-process SAW (Stop-And-Wait) HARQ, where HARQ combining is performed at physical layer of Node B. If the SAW protocol would transmit, acknowledge and retransmit complete TTIs, then only one ACK bit is needed per TTI in the downlink. The number (N) of required HARQ processes depends on the implementation of the signaling channels as well as on the processing times both in the Node B and the UE.

3.1 Signaling for physical/MAC layer HARQ

3.1.1 Outband signalling in uplink

In the uplink, the following outband signaling is needed to support the physical/MAC layer HARQ between UE and Node B:

· HARQ process number ([0-3] bits)

· Redundancy version ([0-2] bits)

· New data indicator ([1-3] bits)

· Rate matching parameters: number of input bits (Transport block size) ([6-8] bits) and number of output (channel) bits (signalled with TFCI)

· CRC to protect the signalling bits ([8-12] bits)

Altogether [15-28] bits are needed as outband information. Furthermore, these bits should be protected better than the data bits, i.e., the BLER for the outband signalling part should be lower than the BLER for the data. The overhead required by the outband signalling is discussed further in Section 4.

3.1.2 Inband signalling in uplink

Soft combining requires that the retransmitted block is the same as the first transmission. Therefore, it is typically more efficient to have only one MAC-e header per TTI. This header tells the transmission sequence number (TSN) for reordering, the priorities, the sizes and the number of MAC-d PDUs.

From the inband signalling point of view the physical/MAC layer ARQ with or without soft combining are very similar if the retransmitted block is the same as the first transmission, i.e., if the whole TTI is retransmitted. Then there is a MAC-e header per TTI. If, however, the soft combining is not used and the retransmitted ‘block’ may be different, then the MAC-e header has to be added to each MAC-d PDU.

4 Outband signalling overhead

In order to get better understanding about the overhead required by the outband signalling, some simulations were carried out. The outband signalling was assumed to use 14 information bits plus 12 bits CRC, i.e., 26 bits altogether to transmit. A separate transport channel with 10 ms TTI was used to carry the outband information. The channel coding was rate 1/3 convolutional code with 8 tail bits. The data transport channel also uses TTI=10ms, 16 bits CRC and rate 1/3 turbo code. The rate matching attributes for the data and outband signalling transport channels were the same. The channel model used was Pedestrian A 3 km/h, ideal channel estimates were used in the simulation. The closed loop power control was used with 4% TPC command error rate. The outband overhead is calculated by dividing the number of outband bits after rate matching by the number of available channel bits. The target BLER for data channel was 10 % and the BLER for the outband signalling channel varies from 2% to 4%. Same overhead percentages are also obtained with 20% BLER target for the data channel. Then the corresponding BLER values for the outband signalling are also increased (approximately doubled).

It should be noted that with 2 ms TTI, about 5 times more overhead is required.

Table I Overhead percentage of outband signalling for 10 ms TTI.

	Data rate (kbit/s)
	SF
	Data BLER
	Outband BLER
	Outband overhead

	8
	64
	9.99e-02
	3.58e-02
	25.5%

	16
	32
	9.98e-02
	3.71e-02
	15.91%

	32
	32
	1.00e-01
	2.70e-02
	9.16%

	64
	16
	1.00e-01
	1.95e-02
	4.91%

	128
	8
	9.98e-02
	2.15e-02
	2.56%

	144
	8
	1.00e-01
	1.94e-02
	2.29%

	256
	4
	9.99e-02
	1.58e-02
	1.3%

	384
	4
	1.00e-01
	2.27e-02
	0.875%


5 Conclusions

This document discusses the implementation alternatives of physical/MAC layer ARQ with and without soft combining, especially from the signalling point view. It was shown that without soft combining ARQ related outband signalling can be avoided (TFCI is enough, at least with 10 ms TTI).

Some simulation results were shown for outband signaling overhead. With 10 ms TTI, the overhead is significant for low data rates, with 2 ms TTI also at medium data rates.

Due to the overhead required by the outband signalling, the physical/MAC layer ARQ with soft combining should have significant gain over the physical/MAC layer ARQ without soft combining to justify the increased signaling overhead. The throughput results [3] seen so far do not justify it.

Description of the physical/MAC layer ARQ without soft combining is proposed to be added into TR as a new section 7.2.5. Also, the simulation results showing the overhead required by outband signalling are proposed to be added into TR Section 9.2.1.x. The corresponding text proposals are given below.
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7.2.5 Physical/MAC layer ARQ without soft combining

The fast physical/MAC ARQ without soft combining could be based on N-process SAW protocol in the same way as the HARQ described in the TR [2]. There would still be only one ACK/NAK per TTI, i.e., the whole TTI would be acknowledged at a time and retransmitted if needed. Since there is no soft combining, the retransmitted block need not be identical with the first transmission. Therefore, the retransmission could happen in pieces, e.g., if the channel resource has changed between the transmissions. There could also be retransmissions and new transmissions within the same TTI, e.g., if the channel resource has increased between transmissions (more channel bits available for E-DCH(s) during the retransmission).

Without soft combining, there is no need to signal the HARQ process number, the redundancy version nor the new data indicator. Rate dematching in the Node B needs to know the number of input and output bits for E-DCH. The number of output bits, i.e., the number of channel bits available for E-DCH(s) is known from TFCI (at least for 10 ms TTI). If the number of input bits is tied to the number of output bits in the same way as in Rel99/4/5, then there is no need for outband signalling (other than TFCI). If however, the number of input bits should be the same for the first and retransmissions, then outband signaling is needed to tell the number of input bits, i.e., the transport block set size.

For reordering purposes, there should be a new sequence number (MAC-e TSN) added to each transport block set (one TSN per TTI) if the whole TTI is always retransmitted at the same time, or added to each MAC-d PDU if the number of MAC-d PDUs can be different in the retransmission. In the former case the reordering is done for tranport block sets (like in HSDPA) and in the latter case for MAC-d PDUs. If several priorities are allowed within one transport channel, then also the priority needs to be signaled inband. MAC-d PDU size and the number of MAC-d PDUs needs to be signaled in the MAC-e header only if more than one MAC-d PDU is included in the MAC-e PDU.

………………………………….Text proposal for TR 25.896 Section 7.2.5 ends here……………………………..

………………………………….Text proposal for TR 25.896 Section 9.2.1.x starts here……………………………..

9.2.1.x Uplink outband signalling overhead

This section shows some simulation results on the overhead required by the outband signalling,. The outband signalling was assumed to use 14 information bits plus 12 bits CRC, i.e., 26 bits altogether to transmit. A separate transport channel with 10 ms TTI was used to carry the outband information. The channel coding was rate 1/3 convolutional code with 8 tail bits. The data transport channel also uses TTI=10ms, 16 bits CRC and rate 1/3 turbo code. The rate matching attributes for the data and outband signalling transport channels were the same. The channel model used was Pedestrian A 3 km/h, ideal channel estimates were used in the simulation. The closed loop power control was used with 4% TPC command error rate. The outband overhead is calculated by dividing the number of outband bits after rate matching by the number of available channel bits. The target BLER for data channel was 10 % and the BLER for the outband signalling channel varies from 2% to 4%. Same overhead percentages are also obtained with 20% BLER target for the data channel. Then the corresponding BLER values for the outband signalling are also increased (approximately doubled).

It should be noted that these overhead percentages are for 10 ms TTI. With 2 ms TTI, about 5 times more overhead is required.

Table 9.2.4.1 Overhead percentage of outband signalling for 10 ms TTI.

	Data rate (kbit/s)
	SF
	Data BLER
	Outband BLER
	Outband overhead

	8
	64
	9.99e-02
	3.58e-02
	25.5%

	16
	32
	9.98e-02
	3.71e-02
	15.91%

	32
	32
	1.00e-01
	2.70e-02
	9.16%

	64
	16
	1.00e-01
	1.95e-02
	4.91%

	128
	8
	9.98e-02
	2.15e-02
	2.56%

	144
	8
	1.00e-01
	1.94e-02
	2.29%

	256
	4
	9.99e-02
	1.58e-02
	1.3%

	384
	4
	1.00e-01
	2.27e-02
	0.875%


………………………………….Text proposal for TR 25.896 Section 9.2.1.x ends here……………………………..
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