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1. Introduction

This document discusses UE capability for HSDPA. We propose to have following capabilities:
1. The maximum number of symbols in HS-PDSCH in a TTI:
2. The maximum number of bits of transport blocks being received in HS-DSCH in a TTI:
3. The minimum TTI length not to assign to a UE:
4. Total sum of bits in the soft buffer capability for HS-DSCH:

2. Capability for single H-ARQ decoding process

Following figure 1 is our assumption of single H-ARQ decoder sequence in UE for HSDPA. The figure is at the UE side and the shared channel is not drawn because the discussion of that channel is not related in this document. Front decoder consists of the processes for calculate LLR such as despread, rake, channel estimation or other advanced techniques. Turbo decoder consists of turbo decoder, CRC check and preparation process for the Ack/Nack. The boundary for front decoder and turbo decoder is the memory of soft metric. The actual processing time of each decoder is different by the operating frequency of each decoder, number of bits to process and the implemented algorithm. 
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Figure 1: timing relation of single H-ARQ decoding process in UE

The processing capability of each single H-ARQ decoder is represented by the following capability.

1. Physical channel capability

This physical channel capability defines the capability of the front decoder. This capability can be represent in two ways. One is represented by the number of symbols and the other is by the number of bits in physical channel in a TTI. The number of symbol is equivalent to the number of codes. If we define this capability by the number of bits, the terminal with "x" codes of 16QAM must be capable "2×x" codes of QPSK. We think the required function in front decoder is mainly chip/symbol level and not bit level process. So to define capability by the symbol level seems straightforward definition. We propose to define the number of symbols. We also fine to define with the number of codes proposed in [1][2][3].

2. Transport channel capability

This transport channel capability defines the capability of the turbo decoder. This can be defined by the maximum number of bits of transport blocks being received in HS-DSCH in a TTI. 

This is similar with "Maximum sum of bits of all transport blocks being received at an arbitrary time instant" in release 99 UE capability. But the different point is defined by each H-ARQ process. If this transport channel capability is total sum of HARQ process, there may be the benefit of dynamic allocation of processing power but this makes UE internal architecture complex. So we propose this as the capability of each H-ARQ process. 

Regarding with the relation between the transport channel capability and the physical channel capability, this has a connection with the instantaneous coding rate and final coding rate relating also with the memory of soft metric. This transport channel processing capability is related with the highest coding rate. It means the more puncturing, the more complexity in turbo decoder because the main complexity of the turbo decoder can be represented by the relative to the number of output bits. If we assume the type III hybrid ARQ, the highest coding rate can be decided by the instantaneous coding rate. Although what value is the highest coding rate in reality is to discuss, logical highest coding rate is 1. So if we want to reduce the number of the option of the capabilities, there seem one possibility not to define transport channel capability and turbo decoder in the UE should process all the bits can be defined by the physical channel capability. At this stage we think to have transport channel capability is rather safer approach in the complexity. So we propose to have this but it should be discussed further.

3. Capability for multiple H-ARQ decoding process

Figure 2 is the multiple H-ARQ decoding process based on figure 1. Two sets of decoder is necessary to process all H-ARQ decoding process.
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Figure 2: timing relation of multiple H-ARQ decoding process in UE

Figure 3 is the case of the multiple H-ARQ decoding process but UE capability restricts to assign next TTI. You can see only one front decoder and turbo decoder is necessary from the figure 3. To have this capability allows lowering the complexity of the terminal. Based our assumption of processing time, the granularity of this capability is only 0 and 3 slots (1 TTI) can be enough. This should be further discussed.
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Figure 3: timing relation of multiple H-ARQ decoding process in UE 
(next TTI is not allowed to assign HS-PDSCH to a UE)

We proposed to tie the timing of the H-ARQ acknowledgement to the TFRI. This scheme decreases the round trip delay and increased throughput [6]. This scheme also works well with this UE capability.
4. Capability for HARQ soft buffer

There also proposed the way of UE HARQ soft buffer [1][2]. We support to avoid dynamic reallocation of soft buffer for the complex memory management. We also support equal distribution of this HARQ soft buffer.

5. Modulation capability

As it was agreed previously in RAN1, if 64QAM is included in the specification, 64QAM should be UE capability.

6. Conclusion

We propose to have following capabilities:
1. The maximum number of symbols in HS-PDSCH in a TTI:
2. The maximum number of bits of transport blocks being received in HS-DSCH in a TTI:
3. The minimum TTI length not to assign to a UE:
4. Total sum of bits in the soft buffer capability for HS-DSCH:
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Annex. Comparison of UE capability proposal

Following table is the comparison of UE capability proposal from what we understood. Hence this table may have some misunderstanding. We are very happy to update this table if there are misunderstanding.

	
	Nokia [3][5]
	Siemens [4]
	Motorola [1]
	Ericsson [2]
	Panasonic

	Physical channel HS-DSCH capability definition
	Maximum number of HS-DSCH codes received 
	The combination of Physical Bits per TTI and Multi Codes in FDD. 
The reason of the combination is to represent the modulation scheme
	The number of supported length-16 OVSF codes
	Maximum number of channelization codes that can be assigned to HSDPA.
	The maximum number of symbols in HS-PDSCH in a TTI
or
The number of codes

	Modulation scheme capability
	
	Modulation Schemes
	Not necessary because all terminals support QPSK and 16QAM
	Modulation capability in case HARQ buffer is not a function of the modulation.
	If 64QAM is included as the specification.

	Transport channel HS-DSCH capability definition (Turbo decoder capability)
	Not necessary
	
	Not necessary: This is limited by the physical channel capability.
	Maximum number of HS-DSCH transport-channel bits that can be received within an HS-DSCH TTI.
	The maximum number of bits of transport blocks being received in HS-DSCH in a TTI is proposed but study for not having this capability is necessary.


	Soft combining buffer
	Maximum receiver buffer size (X =max with 15 codes HS-DSCH with 16-QAM, N = number of sub channels [max = 6])
	
	Total number of soft metric locations provisioned at the UE.
	Total HARQ buffer capability in number of soft channel-bits, possibly as a function of the modulation.
	Total sum of bits in the soft buffer capability for HS-DSCH:

	Number of HARQ process
	
	
	Maximum supported number of ARQ processes.
	
	FFS

	Frequency of used TTI as UE capability
	Not necessary
	
	Minimum interval between TTI’s addressed to the same UE.
	
	The minimum TTI length not to assign to a UE

	Maximum number of HS-DSCH transport channels.
	
	
	Yes
	
	Yes

	Reordering buffer
	
	Re-Ordering Buffer size
	- Maximum number of distinct queues supported.
- Maximum per-queue re-ordering length.
- Total number of bits available for packet re-ordering buffers.
	
	FFS

	Support of Physical HS-DSCH
	Necessary
	
	
	
	Necessary 
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