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1. Summary

This document defines a revised description of UE capabilities for HSDPA. In keeping with Release ‘99, it proposes that restrictions on coded and information bit rates rather than code set size limits be used as the basis for controlling receiver complexity. Proposals are also made on UE soft buffering capability (including dynamic reconfiguration of ARQ process space), along with re-ordering queue lengths etc. The following HSDPA-related capability parameters are also defined for inclusion in a revised capability specification TS 25.306 [6]:

	Parameter
	Description
	Units
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	Minimum interval between TTI’s addressed to the same UE.
	TTI
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	Total number of soft metric locations provisioned at the UE.
	Soft Metric Locations (SML’s)
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	Maximum supported number of ARQ processes.
	ARQ Processes
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	Total number of bits available for packet re-ordering buffers.
	Bits
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	Maximum number of distinct queues supported.
	Queues
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	Maximum number of HS-DSCH transport channels.
	TrCH’s
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	Maximum per-queue re-ordering length.
	Data blocks


Table 1 - Initial capability parameter set for HSDPA.

2. Introduction

There have been several contributions from various manufacturers on User Equipment (UE) capabilities for terminals supporting HSDPA (see [1]-[4]). This contribution presents an update (with respect to [1]) on Motorola’s views on UE capabilities for HSDPA.

3. HS-DSCH-Related UE Capability Parameters

3.1. Capability Reference Combinations Supporting HS-PDSCH

Two new UE capability reference classes – the 7200kbps and 10800kbps classes – are created for Release 5 with mandatory support for HS-DPSCH.  The existing 384kbps, 768kbps and 2048kbps classes (25.306, [6]) are modified to optionally (YES/NO) support HS-PDSCH operation.  The existing 32kbps, 64kbps and 128kbps classes will not support the HS-PDSCH. This is summarized in Table 2.

	Ref. Capability
Class
	32kbps
	64kbps
	128kbps
	384kbps
	768kbps
	2048kbps
	7200kbps
	10800kbps

	HS-PDSCH 
Support
	NO
	NO
	NO
	YES/NO
	YES/NO
	YES/NO
	YES
	YES


Table 2 - Reference capability class support for HS-PDSCH.

3.2. Modulation Formats Capabilities

All UE’s capable of supporting the HD-PDSCH shall support modulation formats of QPSK and 16-QAM only. Accordingly, capability definition for particular modulation types is not a requirement.

3.3. Bit Rate Capabilities and HS-PDSCH Code Capabilities

Both Motorola [1] and Nokia [2] suggest that the number of supported length-16 OVSF codes 
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 should be a capability parameter, with Motorola further suggesting that the number of supported codes should be considered in combination with the selected modulation format (i.e. 16-QAM, etc.)

The computational complexity of the despreading operation – when taken in the context of the Fast Hadamard Transform (FHT) – was not, however, considered to be a strong function of the number of codes. Rather, restrictions on the number of codes that can be simultaneously despread seem most useful as a means of limiting the number of coded bits received per TTI and hence – when linked to a maximum permissible coding rate, e.g. rate-3/4 – to limit the number of information bits decodable per TTI. 

The supported modulation formats for the HS-PDSCH have not, however, yet been identified, and this limits the present usefulness of controlling complexity by restricting the number of codes. Accordingly, an alternative approach is to revert to the historical method (TS 25.306, [6]) of specifying this capability (also suggested by Siemens in [4]) by:

a) specifying the maximum number of physical (i.e. coded) channel bits that can be received by the UE in a single TTI,

b) specifying a corresponding maximum number of information bits that can be received in a single TTI, derived under the assumption that the maximum instantaneous code rate
 for any TTI is rate-3/4, and

c) removing restrictions on the number of HS-PDSCH codes that can be received in a single TTI.

The resulting capability parameters are summarized in Table 3. For the lowest capability classes optionally supporting the HS-PDSCH (the 384kbps and 768kbps classes) complexity is reduced by specifying (as proposed by Nokia [3]) a minimum interval 
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 (in TTI’s) between TTI’s addressed to such a UE. For the 384kbps class, the interval between active TTI’s is 5 TTI’s, while the corresponding interval for the 768kbps class is 2 TTI’s. This gives rise to respective maximum TTI duty cycles of 1/6 and 1/3, and the associated maximum average information bit rates indicated in Table 3.

3.4. Soft Buffer Memory Capabilities

As summarized in the RAN1-RAN2 liaison statement [7], RAN1#21 specified that “terminal memory capability will be defined according to needs for Chase (soft) combining at the bit level”.  Inferring – from previous work on HSDPA – a maximum permissible instantaneous (i.e. per-TTI) code rate of 3/4, this defines the number of Soft Metric Locations (SML’s) (i.e. bit log-likelihood values, or equivalent soft metric representations) per H-ARQ process. The total number 
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 of required Soft Metric Locations (SML’s) also depends, however, on the maximum number of supported H-ARQ processes supporting that instantaneous rate (or equivalently, the number of H-ARQ processes supporting some lower final rate).

	Ref. Capability Class
	Max. Num. Code 
Bits in TTI
(bits)
	Max. Num. Inf. 
Bits in TTI
(bits)
	Peak Inf. 
Bit Rate

(kbps)
	Min. Inter-TTI
Interval 
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(TTI’s)
	Max. Avg. Inf. 
Bit Rate 
(kbps)

	384
	9,600
	7,200
	3,600
	5
	600

	768
	9,600
	7,200
	3,600
	2
	1,200

	2048
	9,600
	7,200
	3,600
	0
	3,600

	7200
	19,200
	14,400
	7,200
	0
	7,200

	10800
	28,800
	21,600
	10,800
	0
	10,800


Table 3 - Peak and average coded and information bit rates by UE capability.

The maximum number 
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 of supported H-ARQ processes is important in establishing the average throughput of the link to a specific UE, but – given the current H-ARQ timing assumptions – providing more than 6 H-ARQ processes to classes of 2048kbps and above appears to offer little benefit.  For the 384kbps and 768kbps classes, the minimum number of supported H-ARQ processes required to maintain maximum average throughput is 1 and 2 respectively. However, it may be useful to permit pre-emptive scheduling of higher-priority queues by specifying 
[image: image13.wmf]ARQmax

N

 as 2 and 3 respectively for the 384kbps and 768kbps classes. This is reflected in Table 4.

It is further proposed that the resulting total SML resource may be partitioned – up to the maximum permitted number of H-ARQ processes indicated in Table 4 – into H-ARQ processes of equal size. This would explicitly permit the definition of per-process SML buffer sizes greater than 
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 in support of final code rates
 lower than rate-3/4.

Concerning reconfiguration, support could be provided for dynamic reallocation of the SML resources available to each H-ARQ process. Memory might, for example, be re-allocated from a terminating H-ARQ process to permit expansion of the memory allocated to another still-active process that could then support a lower final code rate. The associated dynamic re-configuration of ARQ soft memory would, however, require the implementation of memory management techniques in the UE soft buffer interface, with considerable loss of efficiency, as well as a complex set of memory management timing requirements. Accordingly, it is proposed that the number of ARQ processes (and hence their size) be reconfigurable only on a semi-static basis, or at least at a rate defined by L3 signaling.

	Ref. Capability Class
	Max. Num. Inst. HARQ  Entities 
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	Total Num.  
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 SML’s

	384
	2
	19,200

	768
	3
	28,800

	2048
	6
	57,600

	7200
	6
	115,200

	10800
	6
	172,800


Table 4 - Total soft memory buffer size and number of instantiable H-ARQ entities.

In summary it is proposed that:

a) the size of an H-ARQ process is defined as the number of SML locations allocated to that process,

b) the number and size of H-ARQ processes should be semi-static and changeable only by higher-layer signaling – i.e. it is not permissible to “dynamically” create and delete H-ARQ processes even if the total instantaneous SML allocation does not exceed the UE capability.

3.5. Reordering Buffer

Section 7.1.2.2 of 25.308 [9] states that in-band signaling provides a priority class identifier used to distinguish different logical channels (or queues) multiplexed on the same transport channel, and that each data block is associated with a Transmission Sequence Number (TSN) to permit block re-ordering for in-sequence delivery. By implication, the number of distinct queues requiring re-ordering would be equal to the sum of the queues on all defined transport channels.

Rather than define individual capability parameters for the number of queues and transport channels supported, it is proposed that the maximum number of bits 
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 allocable to all re-ordering buffers be a capability, and that the parameter characterizing this capability be in-turn derived from a specified maximum total number of queues 
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 – i.e. the sum of all of queues defined on all HS-DSCH transport channels – and a maximum number 
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 of definable transport channels. The total number of bits available for re-ordering is then computed as the product of 
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, the maximum number 
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of information bits transmissible per TTI  (according to the UE capability) and a maximum anticipated reordering buffer length 
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 (in blocks of length 
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) for each queue as indicated in Table 5. Values for 
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 are estimated based on [8].

	Ref. Capability Class
	Max. Num. Trans. Chan. 
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	Max. Total Num. Queues 
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	Est. Max. Queue 
Length 
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 (blocks)
	Reorder. Buff. 
Size 
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 (kbytes)

	384
	6
	6
	8
	43.2

	768
	8
	8
	14
	100.8

	2048
	8
	12
	20
	216

	7200
	8
	12
	20
	432

	10800
	8
	12
	20
	648


Table 5 - Reordering buffer-related capabilities.

3.6. Simultaneous Support for Other Transport Channels

UE’s capable of supporting the PDSCH and the HS-PDSCH shall not be configured to simultaneously  support physical channels of both types.

UE’s configured for HS-PDSCH operation shall in addition simultaneously support a single DPCH on a single OVSF code. The maximum number of physical channel bits received in any 10ms interval shall be 2400, and the maximum sum of the number of bits of all transport blocks received at an arbitrary time instant on that DPCH shall be 3840.

3.7. Interference Cancellation

At present, there appears to be no compelling argument for interference cancellation to be a UE capability parameter. Rather, this should be dealt with in RAN4 during the HS-PDSCH performance analysis phase.
4. Conclusion

If further details on TFCI requirements can be established at RAN1#22, there should be sufficient detail in the UE capability information specified above – when combined with the companion TDD parameters – to permit a draft revision of 25.306 to include HSDPA-specific capabilities.
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� The instantaneous code rate is the per-TTI code rate defined as the ratio of the number of information bits � EMBED Equation.DSMT4  ��� to be sent in a single TTI, to the number of coded bits in the associated TTI (re-)transmission.


� Assuming the maximum permissible code rate is 3/4.


� Where the final code rate is the ratio of � EMBED Equation.DSMT4  ��� to the total number of unique encoded bits � EMBED Equation.DSMT4  ��� that could be aggregated, as limited by UE memory – i.e. � EMBED Equation.DSMT4  ��� is the set of all encoded bits from all valid redundancy versions.






DRAFT
2 of 7

[image: image30.wmf]INFO

N

[image: image31.wmf]CODE

N

[image: image32.wmf]CODE

N

_1065362037.unknown

_1065362266.unknown

_1065418285.unknown

_1065446450.unknown

_1065417405.unknown

_1065362128.unknown

_1065362159.unknown

_1065362083.unknown

_1062928117.unknown

_1063008272.unknown

_1065361890.unknown

_1065360155.unknown

_1062928826.unknown

_1062928890.unknown

_1062928619.unknown

_1062928486.unknown

_1062922322.unknown

_1062927284.unknown

_1062928066.unknown

_1062926160.unknown

_1062922584.unknown

_1062922311.unknown

_1062325148.unknown

_1062325969.unknown

_1062325998.unknown

_1062325158.unknown

_1062248890.unknown

