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1. Introduction

This paper provides recommendations on UE complexity and capability classes for HSDPA.

2. UE HSDPA Operational Considerations

2.1.1. Supported AMC Modes 

[1] suggests that 7 AMC modes – as specified in Table 1 – could be made available for HS-DSCH operation. Table 2 of [1], Section 6.7.1 indicates, however, that the total sector capacity is negligibly affected by the elimination of modes 1, 4 and 7 of Table 1. In fact, the AMC mode probability distribution results offered by Figures 10 and 11 of [1] further indicate that these modes were individually scheduled with probability less than 0.05.

	AMC 
Mode
	Constellation
	Encoder Rate
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	Peak Data Rate
(Mbps)

	1
	QPSK
	0.25
	1.2

	2
	QPSK
	0.5
	2.4

	3
	QPSK
	0.75
	3.6

	4
	8-PSK
	0.75
	5.4

	5
	16-QAM
	0.5
	4.8

	6
	16-QAM
	0.75
	7.2

	7
	64-QAM
	0.75
	10.8


Table 1 - Candidate AMC Modes – 7 Mode Set

In return for little realizable system performance gain, 8-PSK operation (mode 4) slightly complicates the turbo-encoded bit LLR estimation function at the UE when support for that constellation is considered in addition to the remaining square QAM constellations. At the same time, mode 1 of Table 1 requires that the R’99 turbo-encoder specification be updated from rate-1/3 to rate-1/5 parent operation, again for little apparent system performance benefit. Finally, robust UE performance in 64-QAM modes remains to be demonstrated, and the associated impact on TSG-RAN4 Node-B and UE performance requirements has yet to be quantified.

Nevertheless, retention of mode 1 at the cost of a minor change to the UE turbo-encoder may help system robustness by retaining a relatively high-rate code option, and for this reason mode 1 should be retained. At the same time, further study of UE’s supporting mode 7 (64-QAM) seems worthwhile, especially as a component mode of high-capability UE’s.

Eliminating the 8-PSK mode results in Table 2, with 64-QAM operation subject to further study and retained only for those HSDPA-capable terminals with the highest performance (see Section 2.1.5).

	AMC  Mode
	Constellation
	Encoder Rate
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	Peak Data Rate (Mbps)


	1
	QPSK
	0.25
	1.44

	2
	QPSK
	0.5
	2.88

	3
	QPSK
	0.75
	4.32

	4
	16-QAM
	0.5
	5.76

	5
	16-QAM
	0.75
	8.64

	6
	64-QAM
	0.75
	12.96


Table 2 – Candidate Reduced AMC Mode Set

2.1.2. HS-DSCH OVSF Code Length and Number of Codes Supported

For a given chip rate, the maximum nominal uncoded symbol rate observed by the UE is determined by the code space occupancy – i.e. the ratio of the maximum number 
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 of codes allocable to the HS-DSCH at any Node-B to the OVSF code length 
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. Provisioning of pilot channels, common and dedicated control channels, and dedicated and shared traffic channels suggests that the bound 
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will meet most requirements. It should be noted, however that the actual number of codes 
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 allocable to the HS-DSCH channel at any particular Node-B will usually be less than 
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Concerning the preferred value of 
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, and assuming that a fixed spreading factor is acceptable, low-complexity chip-rate processing points toward larger spreading factors, and accordingly 
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 appears preferable, thereby setting 
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2.1.3.  TTI Length

The primary impact of TTI length on the UE implementation (when considered along with the AMC mode) is on the UE soft buffer requirements. This is discussed extensively in [1].

Despite the latency advantages associated with 1- and 2-timeslot TTI’s, the uplink capacity loss due to associated dedicated control channel signaling rates appears burdensome. This leaves proposals for 3-, 5- and 15-timeslot TTI’s.

While the 15-timeslot (10ms) option potentially offers some interleaving benefit in the upper region of the preferred HSDPA UE Doppler range (3-30km/h, 180-18ms coherence time), it has a strong effect on UE ARQ soft buffer dimensions. This is illustrated in Table 3 (derived from the restricted AMC set of Table 2) which tabulates soft buffer size 
[image: image11.wmf]b

N

 (i.e. the UE total for all SAW sub-channels) in kilobits as a function of TTI duration in timeslots, where simple re-transmission (“Chase”) ARQ is assumed, along with 6-bit systematic and coded symbol log-likelihood ratio soft symbol storage, a spreading factor of 32, and 
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 stop-and-wait (SAW) sub-channels (see Section 2.1.4).

Accordingly, given the associated reduction in UE memory requirements, it seems preferable to consider 10ms TTI’s only as a UE option, and to focus mandatory requirements on 3- or 5-timeslot TTI’s. While both of the latter options appear acceptable from a UE implementation perspective, the desirability of minimizing the number of options with similar performance coupled with the lower memory requirements indicate the 3-timeslot option as preferable, unless HSDPA uplink capacity analysis indicates substantial and distinct benefits from retaining 5-timeslot operation.
 

	TTI Duration (timeslots)
	# OVSF Codes Assigned
	# SAW Subchannels
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	Number of QAM Bits/Sym
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	UE Soft Buffer Size (kbits)
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	3
	1
	4
	2
	11.25

	3
	1
	4
	4
	22.5

	3
	24
	4
	2
	270

	3
	24
	4
	4
	540

	5
	1
	4
	2
	18.75

	5
	1
	4
	4
	37.5

	5
	24
	4
	2
	450

	5
	24
	4
	4
	900

	15
	1
	4
	2
	56.25

	15
	1
	4
	4
	112.5

	15
	24
	4
	2
	1350

	15
	24
	4
	4
	2700


Table 3 - LLR Storage Requirements.

2.1.4. Number of SAW Subchannels

Any consideration of the number 
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 of stop-and-wait (SAW) sub-channels supported by the UE must balance the conflicting requirements of soft decision buffer size, UE and Node-B processing time, and acknowledgement timing requirements. Some bounds can be placed on the problem, however. For example, if one accepts the proposal that in order to reduce the uplink capacity allocation to HS-DSCH control channels the UE acknowledgement field should be modulated and coded (possibly repetition coded) over an entire TTI interval, then – as illustrated in Figure 1 – operation with less than 3 SAW sub-channels is not permitted. Further, if the UE is to be provided at least 1 TTI in which to process each received TTI before commencing acknowledgement transmission, Figure 2 indicates that operation with less than 4 SAW sub-channels is disallowed.

Figure 3 and Figure 4 indicate candidate timing requirements when operating with respectively 4 and 5 SAW sub-channels. These configurations both meet the minimum UE processing requirement of 1 TTI processing time available per received TTI, and still provide at least one TTI for Node-B scheduling processing, with the 
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 case potentially offering some additional time for scheduling at the Node-B.

Larger values of 
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 appear to offer little additional system operation benefit, and since the SAW UE soft buffer requirements are larger for the 
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 case, 
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 appears preferable, with 
[image: image21.wmf]5

SAW

N

=

 acceptable.

2.1.5. UE Capability Classes

The HS-DSCH is intended to permit both average and sustained UE data rates in excess of those defined for the R’99 DSCH. However, UE memory and demodulation/decoding constraints makes it desirable to target the AMC modes of Table 2 toward specific classes of HS-DSCH UE’s of differing capability (effectively defined by the product of decoder throughput and available soft memory).

Two potential methods of partitioning the UE capability space suggest themselves. In the first method, UE’s could be required to be capable of demodulating up to 
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 codes, with capabilities distinguished by the maximum constellation order and decoder throughput supported by the UE. Following this approach, and using the assumptions listed above, one possible partitioning of the HS-DSCH UE capability space appears in Table 4.

Note that, if required, this approach can support same-TTI delivery of the per-TTI AMC mode and code allocation signaling and transmission of the associated HS-DSCH TTI. The UE has sufficient soft memory resources to speculatively demodulate all of the 
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 codes assigned to the serving Node-B HS-DSCH assuming the highest supported QAM constellation, and then subsequently modifying the stored soft symbol information (i.e. delete soft information associated with unused codes, and modify the stored soft data to reflect the selected constellation) after demodulating signaling information concerning the assigned codes and AMC mode for the HS-DSCH TTI. That signaling information can be transmitted on a forward control channel at the same time as the HS-DSCH data.

	UE Capability Classes
	Supported AMC  Mode
	Constellation
	Encoder Rate
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	Soft Buffer Size (kbits)
	Peak Data Rate (Mbps)


	A, B, C
	1
	QPSK
	0.25
	270
	1.44

	A, B, C
	2
	QPSK
	0.5
	270
	2.88

	A, B
	3
	QPSK
	0.75
	540
	4.32

	A, B
	4
	16-QAM
	0.5
	540
	5.76

	A
	5
	16-QAM
	0.75
	540
	8.64

	A
	6
	64-QAM
	0.75
	810
	12.96


Table 4 - UE Capability Classes – Partition by Constellation

This approach has the disadvantage however, that e.g. Class C UE’s observing high SNR’s would not permit code-space partitioning – i.e. the assignment of all 
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 Node-B allocable codes would be required to achieve the highest supported data rate. 

A second approach requires all UE’s to be capable of processing both QPSK and 16-QAM constellations, but differentiates UE capability on the basis of the number of allocable codes. Further, it requires only Class A UE’s to support 64-QAM modes, with such a requirement for further study (FFS). In more detail, each UE would be assigned (by higher layer signaling) a code allocation whose dimensionality would be determined by UE capability class as described in Table 5. As in the prior method, if same-TTI code allocation and AMC mode signaling was desired, each UE would speculatively demodulate all of the codes comprising the allocation, before revising the stored soft information on the basis of the signaling information received during the associated HS-DSCH TTI.

	UE Capability Class
	Peak Data Rate (Mbps)
	Max. Num. Allocable Codes
	Soft Buffer Size 
(kbits)

	A
	12.96 (FFS)
8.64
	24 @ Mode 6 (FFS)
24 @ Modes 1-5
	810 (FFS)
540

	B
	5.76
	16 @ AMC Mode 5
24 @ AMC Modes 1-4
	540

	C
	2.88
	8 @ AMC Mode 5
12 @ AMC Modes 1-4
	270


Table 5 - UE Capability Classes – Partition by Allocable Codes

In this case, Class A UE’s are capable of demodulating up to 24 codes in any AMC mode; Class B UE’s are restricted to operate on only up to 16 codes in AMC Mode 5 and up to 24 codes in any other mode; Class C UE’s are restricted to demodulate up to 8 codes in AMC Mode 5 and up to 12 codes in any other mode.

Notably, this approach permits a Node-B scheduler to partition the code space during any TTI between two UE’s with non-overlapping code allocations.

3. Summary

The HS-DSCH UE capability class definitions suggested here may be summarized as follows:

1. 8-PSK based AMC modes are dropped from consideration, leaving the 6-level AMC mode set defined in Table 2, where the 64-QAM mode is for further study and in any case restricted to Class A UE’s,

2. the maximum number 
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 of allocable codes is fixed at 24, with the OVSF code length 
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 fixed at 32,

3. the number 
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 of stop-and-wait sub-channels is fixed at 4, although a fixed value of 
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 could also be considered,

4. the TTI length is fixed at 3 timeslots, with 15-timeslot operation possibly retained as an option,

5. signaling information on allocated codes and AMC may be transmitted at the same time as the HS-DSCH data, and

6. Option 1 - HS-DSCH UE capability classes are partitioned by maximum supported constellation order into HS-DSCH Classes A, B and C in accordance with Table 4; each UE is capable of demodulating 
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 codes, or

7. Option 2 - HS-DSCH UE capability classes are partitioned by the maximum number of supported OVSF codes in accordance with Table 5; each UE is capable of supporting both QPSK and 16-QAM constellations, with 64-QAM support for Class A UE’s for further study.
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5. Figures
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Figure 1. Uplink ACK Field Timing - #SAW Sub-channels = 2
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Figure 2. Uplink ACK Field Timing - #SAW Sub-channels = 3
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Figure 3. Uplink ACK Field Timing - #SAW Sub-channels = 4
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Figure 4. Uplink ACK Field Timing - #SAW Sub-channels = 5


































� Assuming a maximum of 24 length-32 OVSF codes allocated to HS-DSCH, or 12 length-16 codes etc. – see Section � REF _Ref514558149 \r \h ��2.1.2�.


� Note that this analysis does not include the effects of any necessary packet re-ordering buffering.


� This assessment of UE soft buffering requirements is based on the particular example of  a multi-channel SAW ARQ protocol, but would apply equally to other re-transmission protocols with the same soft buffering requirements.


� Assuming a maximum of 24 length-32 OVSF codes allocated to HS-DSCH, or 12 length-16 codes etc. – see Section � REF _Ref514558149 \r \h ��2.1.2�.
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