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1. Introduction 

This paper discusses multiplexing and channel coding issues for HSDPA. Some open issues are raised up and some proposals are made.

2. Multiplexing of transport channels

2.1 Number of transport channels

Different logical channels can be multiplexed at MAC-d into one transport channel meaning that even a single HS-DSCH transport channel can support several logical channels. However, if different logical channels have very different requirements, e.g., for QoS, then several transport channels for one UE may be needed. This would, e.g., allow higher priority channels to be scheduled before.

Current working assumption is that only one transport channel in one TTI would be supported on HS-DSCH. However, it could be possible to have several transport channels time multiplexed into different TTIs. This would have some implications:

· different transport channels should have separate HARQ processes (the ARQ processes could have different parameters, e.g., max number of transmissions)

· different HARQ processes should be numbered or otherwise separable (synchronous HARQ and asynchronous HARQ with explicit process numbers would support this, asynchronous HARQ with packet numbers only would require some additional numbering)

· different transport channels could have different transport formats (block sizes, MCS sets etc.)

It is still an open issues whether several transport channels are needed.

2.2 Transport block sizes

A semi static transport block size within a transport channel is proposed (if there are several transport channels time multiplexed into different TTIs, these different transport channels could have different transport block sizes). This implies that the MAC-PDU and the RLC-PDU also have to have semi static size. For AM service this is true already in release'99, UM can have variable RLC-PDU size.

It could be possible to define variable RLC-PDU size for UM if necessary. This would, however, require additional TFCs since MCS and number of code channels would not be enough to indicate transport format being used.

The transport block size should be selected based on the most robust MCS and minimum number of code channels allocated for a specific UE. Then changing the MCS and the number of code channels only changes the number of transport blocks per TTI and the transport block size need not change. Also, the MCS set should be selected such that the most robust MCS contains a single transport block and all other MCS's an integer number of transport blocks. Examples are given in Annex A.

2.3 Number of transport blocks per TTI

The number of transport blocks transmitted per TTI depends on the selected MCS as well as the number of code channels, see Annex A. Based on the selected MCS and the number of codes, MAC-hs will send a known number of transport blocks to the physical layer. Therefore, normally the number of transport blocks needs not be signalled separately. However, at the end of a packet call/session there can be an arbitrary number of MAC-PDUs to be transmitted.

If there is a single MAC-PDU to be transmitted, then the most robust MCS and the minimum number of codes should be used, even if the channel conditions would allow the use of less robust MCS. This simply implies that the block will go through with higher probability.

If there are many MAC-PDUs to be transmitted such that no combination of MCS and number of codes has that number of transport blocks, there are several possibilities. For example consider the MCS set in Table 4 and assume that there are 7 MAC-PDUs (transport blocks) to be transmitted and the channel conditions would allow to use MCS with QPSK with rate 1/2 and 8 codes, i.e., 8 transport blocks could be transmitted with that mode. There are (at least) three possibilities:

· Send first 6 transport blocks with QPSK, rate 1/2 and 6 codes and then 1 block with QPSK, rate 1/4 and 2 codes. This does not require any extra signalling but wastes some capacity and causes small extra delay.

· Send all 7 transport blocks and use rate matching to fill the TTI. This is best solution from performance point of view but requires extra signalling, i.e., the number of transport blocks should be signalled too (additional TFC)

· Send all 7 transport blocks and an additional dummy block added by MAC-hs. Physical layer would treat this as 8 blocks and the MAC-hs in the receiving end should remove the dummy block. This would not require extra physical layer signalling but wastes some energy.

First option is always possible. In addition, we propose that the third option would be studied in WG1/WG2.

2.4 Code channel usage

A fixed spreading factor of SF=16 has been agreed in WG1 and multiple codes will be used for high data rates. It has been suggested that, e.g., 10 codes could be reserved for HSDPA use on a Node B. Even if there were 10 codes available on a given Node B for HSDPA, not all codes need to be used for a given user within a TTI. There are several reasons not to transmit all the codes to a user:

· Code multiplexing of several ‘medium’ bit rate users within a TTI, e.g., 2 to 4 users could be multiplexed.

· Transmit less codes with higher power to a user at bad conditions, say, at cell edge. Here the total Node B power allocated for HSDPA is assumed to be divided between the code channels thus giving higher power per code channel. This would typically use QPSK with low rate code and therefore, code channel power needs not be signalled.

· Using higher MCS with full number of codes may not be possible (quality target not met), and lower MCS with full number of codes may significantly exceed the target. In this case it might be good to use the higher MCS with less codes (and total HSDPA power divided between these codes). For instance use QPSK, rate 3/4 with 6 codes instead of QPSK, rate 1/2 with 8 codes (full HSDPA power used for a user in both cases).

For QAM modulation schemes UE should know the power level per code channel. Therefore, the power level should be signalled to the UE: either as a separate parameter or define it as part of transport format combination (TFC).

3. Physical layer channel coding chain for HSDPA

Figure 1 depicts the channel coding and physical channel mapping chain for HSDPA.
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Figure 1 Transport channel channel coding structure for HSDPA

3.1 Error detection

The same CRC lengths as for release'99 are proposed for HSDPA. Current working assumption is that the CRC is added per HSDPA TTI. The reason for this is that the HARQ retransmits the whole TTI if there are errors in any of the transport blocks. This saves some overhead. This, however, implies that the number of bits with different MCSs and different number of code channels are not integer multiples of each other and rate matching has to be used to fill the frame.

The CRC could also be added for each transport block as in release'99. This would facilitate MCS changes somewhat (rate matching is not needed to fill the frame). Also, if MAC layer HARQ cannot correct the whole TTI (max number of transmissions reached), some of the RLC-PDUs might though be correct and could therefore be delivered to higher layers.

3.2 Transport block concatenation and code block segmentation

It is a working assumption that the same transport block concatenation and code block segmentation as in release'99 will be used for HSDPA. The maximum code block size for turbo coding is 5114.

3.3 Channel coding

Only turbo coding is supported on HS-DSCH. The existing rate 1/3 coding and puncturing with the existing rate matching can be used to get other code rates such as 3/4, 1/2, 3/8. Even rate 1/4 could be generated from rate 1/3 with repetition. Alternatively, a new lower rate encoder can be specified.

3.4 Rate matching

The same rate matching algorithm as in release'99 should be used for HSDPA. The rate matching in HSDPA is used for several purposes:

· Different code rates for different MCS’s can be generated with rate matching (puncturing or repetition)

· Repetition (or less puncturing) can be used to fill the frame (to avoid DTX) like in uplink. However, it is better to choose the transport block size such that no extra filling is needed. This is possible as shown in the Annex A.

No extra signalling is needed for rate matching: MCS and the fixed transport block size (configured at call setup) define the amount of rate matching.

Note that rate matching is not needed to balance the performance of different transport channels since only one transport channel is transmitted per HSDPA TTI.

3.5 Interleaving

Since the HSDPA TTI is fixed, only second interleaving is needed.

3.6 DTX indication bits

Use of DTX with higher order modulation is not as straightforward as with QPSK: e.g., how to map a four bit sequence with one bit removed into 16QAM constellation. Two possible alternatives were presented in [1].

An alternative to DTX is to use rate matching repetition to fill the frame (cf. uplink). With HS-DSCH this is possible since only one transport channel per TTI is supported and therefore, rate matching is not needed to balance the performance of different transport channels of a CCTrCH. Note that the power level should not be changed even if the repetition is used. The improved performance due to repetition simply reduces the block error rate and therefore reduces the number of retransmissions (and delay).

Nokia proposal is to use rate matching repetition (or less puncturing) to fill the frame instead of using DTX. However, it is better to choose the transport block size such that no extra filling is needed.

3.7 Physical channel mapping

The bits can be mapped to different code channels in the same way as in release'99.

4. Conclusions

We have presented some open issues and made some proposals. To summarize:

· The number of transport channels supported by HSDPA needs to be decided.

· Transport block size should be semi static and based on the most robust MCS 

· MCS set should be such that only one transport block size is needed (to avoid RLC level resegmentation)

· The number of transport blocks should not be a separate parameter, i.e., MCS and number of code channels should implicitly tell also the number of transport blocks. Possibility to add dummy blocks if needed at MAC-hs should be studied.

· Adding CRC to each transport block should be reconsidered.

· Rate matching should be used instead of DTX to fill the TTI. 

References
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Annex A: Possible MCS sets based on semi static transport block size

In this annex some examples of possible MCS sets are presented. They are all based on a semi static transport block size. Bits/TTI gives the number of information bits per TTI. 

It should be noted that in the tables several alternatives are given for some data rates. We are not proposing all these alternatives. They are simply showing that there are seveal ways of getting different data rates. At the end, an appropriate subset of these schemes should be selected based on performance and implementation complexity.

Table 1 MCS set derived from QPSK 1/4, 5 codes

	SF=16, transport block size 1200 bits (including CRC)

	
	5 codes
	10 codes

	MCS
	# trblks
	Bits/TTI
	# code blks
	Code blk size
	# tr blks
	Bits/TTI
	# code blks
	Code blk size

	QPSK, rate 1/4
	1
	1200
	1
	1200
	2
	2400
	1
	2400

	QPSK, rate 1/2
	2
	2400
	1
	2400
	4
	4800
	1
	4800

	QPSK, rate 3/4
	3
	3600
	1
	3600
	6
	7200
	2
	3600

	16QAM, rate 1/2
	4
	4800
	1
	4800
	8
	9600
	2
	4800

	16QAM, rate 3/4
	6
	7200
	2
	3600
	12
	14400
	3
	4800

	64QAM, rate 3/4
	9
	10800
	3
	3600
	18
	21600
	5
	4320
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Figure 2 Channel coding and physical channel segmentation for two example MCS of Table 1.

Table 2 MCS set derived from QPSK 1/4, 2 codes, including 8PSK

	SF=16, transport block size 480 bits (including CRC)

	
	2 codes
	4 codes
	6 codes
	8 codes

	MCS
	# trblks
	Bits/TTI
	# trblks
	Bits/TTI
	# trblks
	Bits/TTI
	# trblks
	Bits/TTI

	QPSK, rate 1/4
	1
	480
	2
	960
	3
	1440
	4
	1920

	QPSK, rate 1/2
	2
	960
	4
	1920
	6
	2880
	8
	3840

	QPSK, rate 3/4
	3
	1440
	6
	2880
	9
	4320
	12
	5760

	8PSK, rate 1/2
	3
	1440
	6
	2880
	9
	4320
	12
	5760

	8PSK, rate 2/3
	4
	1920
	8
	3840
	12
	5760
	16
	7680

	8PSK, rate 5/6
	5
	2400
	10
	4800
	15
	7200
	20
	9600

	16QAM, rate 1/2
	4
	1920
	8
	3840
	12
	5760
	16
	7680

	16QAM, rate 5/8
	5
	2400
	10
	4800
	15
	7200
	20
	9600

	16QAM, rate 3/4
	6
	2880
	12
	5760
	18
	8640
	24
	11520

	64QAM, rate 3/4
	9
	4320
	18
	8640
	27
	12960
	36
	17280


Table 3 MCS set derived from QPSK 3/8, 5 codes

	SF=16, transport block size 1800 bits (including CRC)

	
	5 codes
	10 codes

	MCS
	# trblks
	Bits/TTI
	# code blks
	Code blk size
	# tr blks
	Bits/TTI
	# code blks
	Code blk size

	QPSK, rate 3/8
	1
	1800
	1
	1800
	2
	3600
	1
	3600

	QPSK, rate 3/4
	2
	3600
	1
	3600
	4
	7200
	2
	3600

	8PSK, rate 1/2
	2
	3600
	1
	3600
	4
	7200
	2
	3600

	8PSK, rate 3/4
	3
	5400
	2
	2700
	6
	10800
	3
	3600

	16QAM, rate 9/16
	3
	5400
	2
	2700
	6
	10800
	3
	3600

	16QAM, rate 3/4
	4
	7200
	2
	3600
	8
	14400
	3
	4800

	64QAM, rate 3/4
	6
	10800
	3
	3600
	12
	21600
	5
	4320


Table 4 MCS set derived from QPSK 1/3, 5 codes

	SF=16, transport block size 1600 bits (including CRC)

	
	5 codes
	10 codes

	MCS
	# trblks
	Bits/TTI
	# code blks
	Code blk size
	# tr blks
	Bits/TTI
	# code blks
	Code blk size

	QPSK, rate 1/3
	1
	1600
	1
	1600
	2
	3200
	1
	3200

	QPSK, rate 2/3
	2
	3200
	1
	3200
	4
	6400
	2
	3200

	16QAM, rate 1/2
	3
	4800
	1
	4800
	6
	9600
	2
	4800

	16QAM, rate 2/3
	4
	6400
	2
	3200
	8
	12800
	3
	4266.66

	16QAM, rate 5/6
	5
	8000
	2
	4000
	10
	16000
	4
	4000

	64QAM, rate 2/3
	6
	9600
	2
	4800
	12
	19200
	4
	4800
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