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1 Introduction

This document proposes UE Capabilities for 3.84 Mcps TDD HSDPA. UE Capabilities for 3.84Mcps TDD HSDPA are provided in [3], though TDD UE capabilities are still an open issue [4]. This document proposes UE Capabilities that address concerns raised in both [5] and [6]. 

The UE should not signal a capability in an attempt to constrain UTRAN functionality. All of the capabilities defined in this document relate to possible UE limitations.

2 UE Capability Parameters for 3.84Mcps TDD

2.1 Maximum number of HS-DSCH codes per timeslot

The implementation of the UE may be simplified or the performance of the UE may be improved if the “maximum number of HS-DSCH codes per timeslot” is constrained. An HSDPA capable UE is considered to be a high-end UE and should not be constrained in terms of the maximum number of HS-DSCH codes per timeslot.

2.2 Maximum number of HS-DSCH timeslots per TTI

This parameter is the maximum number of timeslots that can be used for HS-DSCH transmission in a given TTI, (where the TTI is defined to be 10 ms in 3.84 Mcps TDD). This parameter states the capability of the UE in terms of its ability to receive HS-DSCH across multiple timeslots within a TTI.

For architectural reasons, there are two broad classes of UEs : UEs that are constrained in the maximum number of HS-DSCH timeslots that can be received per TTI and UEs that are unconstrained in this respect.

In this document, a UE that constrains the “Maximum number of HS-DSCH timeslots per TTI” (
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) is termed a “timeslot-constrained UE”.

2.3 Maximum number of HS-DSCH transport channel bits that can be received per TTI

This parameter is partially defined by the bit rate class of the UE. The “Maximum number of HS-DSCH transport channel bits that can be received per TTI” (
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) is defined with regards to a UE that is timeslot-constrained. This parameter is defined as :
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where : 
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is the parameter “Maximum number of HS-DSCH timeslots per TTI” for a timeslot-constrained UE, ¾ is the maximum code rate designed for, 16 is the “Maximum number of HS-DSCH codes per timeslot” of a timeslot-constrained UE and 552 is the number of bits that can be carried on a burst type 2 slot with 16QAM modulation.

A UE that is not timeslot-constrained shall support the same “Maximum number of HS-DSCH transport channel bits that can be received per TTI” as a timeslot-constrained UE, but it is noted that such an unconstrained UE might receive the maximum number of transport channel bits at a code rate of less than ¾.

At the highest UE capability, it is assumed that the UE can support a coding rate of greater than ¾ (as per the FDD and 1.28Mcps TDD cases).

2.4 Total Number of Soft Channel Bits

The total number of soft channel bits defines the soft channel bits buffering capacity of the UE across all HARQ processes that the UE supports (the maximum number of HARQ processes for 3.84Mcps TDD is 4). 

The “total number of soft channel bits” parameter can in general take one of two values.

The lower value of this parameter is derived for a timeslot-constrained UE and is the number of physical channel bits that can be supported within the maximum physical resource for a timeslot-constrained UE. When a UE receives data at the highest data rate, the coding rate is ¾. At the highest data rate, Chase Combining must be used for re-transmissions.

The higher value of this parameter allows for incremental redundancy for a timeslot-constrained UE at the highest data rate; a UE that is not timeslot-constrained can receive the highest data rate at a coding rate of less than ¾. The higher value of this parameter is an integer multiple of the maximum number of physical channel bits that can be carried in a timeslot. The higher value of this parameter supports coding rates that are in line with FDD (coding rate of approximately 0.3 for lower capability UEs and coding rates of approximately 0.5 for higher capability UEs). 

2.5 Support for SF1

It is assumed that all HSDPA UEs can support SF1 as the implementation complexity issues related to SF1 support are minimal. UTRAN will decide whether SF1 is used for a particular UE.

3 Parameter Values for UE Capabilities

The parameter values for the UE capabilities for 3.84Mcps TDD HSDPA are given in Table 1.

Five data rate classes are defined. The lower data data rates supported in 3.84Mcps TDD HSDPA align with the lower data rates that are supported by FDD (Table 2 from [7]). The higher data rate supported by 3.84Mcps TDD are different to those supported by FDD due to timeslot configuration restrictions in TDD.

Low capability UEs may be timeslot constrained to either 2, 3 or 5 timeslots per TTI. No HSDPA UEs are constrained in terms of the maximum number of HS-DSCH codes per timeslot.

At the highest data rates, the UE can support a channel coding rate of ¾. Timeslot-constrained UEs may either support Chase Combining or incremental redundancy at the highest data rate. A UE that is not timeslot-constrained can support a channel coding rate of either 0.3 or approximately 0.5 at the highest data rate; it may also support incremental redundancy. The channel coding rates and ability to support incremental redundancy are in line with FDD. 

The RLC and MAC-hs parameters defined in Table 1 are described further in section 6. The total buffer sizes supported by the lower capability UEs are supported by FDD HSDPA UEs.

	
	UE radio access capability parameter
	Value range

	
	
	Class 1
(1.3 Mbps)
	Class 2
(2.0 Mbps)
	Class 3
(3.3 Mbps)
	Class 4
(5.3 Mbps)
	Class 5
(9.3 Mbps)

	RLC and MAC-hs parameters
	Total buffer size (Kbytes)
	50
	100
	150
	200
	400

	PHY parameters
	Maximum number of HS-DSCH codes per timeslot
	16
	16
	16
	16
	16

	
	Maximum number of HS-DSCH timeslots per TTI
	2/12
	3/12
	5/12
	12
	12

	
	Maximum number of HS-DSCH transport channel bits that can be received within an HS-DSCH TTI
	13248
	19872
	33120
	52992
	93000

	
	Total number of soft channel bits
	70656, 

176640 
	105984, 176640


	176640, 282624


	282624, 423936


	423936

	
	Support of SF=1 for HS-PDSCH
	Yes
	Yes
	Yes
	Yes
	Yes


Table 1 - 3.84Mcps TDD HSDPA UE Capability Parameter Values

	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of HS-DSCH transport-channel bits received within an HS-DSCH TTI
	Total number of soft channel bits
	Maximum data rate (Mbps)

	Category 1
	15
	1
	20456
	172800
	10.2

	Category 2
	10
	1
	14600
	115200
	7.3

	Category 3
	5
	1
	7300
	57600
	3.6

	Category 4
	5
	2
	7300
	28000
	1.8

	Category 5
	5
	3
	7300
	19200
	1.2

	Category 6
	10
	1
	14600
	153600
	7.3

	Category 7
	5
	1
	7300
	96000
	3.6

	Category 8  
	5
	1
	7300
	76800
	3.6

	Category 9
	5
	3
	7300
	48000
	1.2

	Category 10
	5
	3
	7300
	38400
	1.2

	Category 11
	15
	1
	[28800]
	172800
	14.4


Table 2 - FDD HSDPA UE Capability Parameter Values and Data Rates

4 UE Categories

UE categories may be defined based on Table 1. The defined UE categories are given in Table 3. 

	Category
	Maximum number of HS-DSCH codes per timeslot
	Maximum number of HS-DSCH timeslots per TTI
	Maximum number of bits of an HS-DSCH transport block received within an HS-DSCH TTI
	Total number of soft channel bits
	Support of SF=1 for HS-PDSCH

	Category 1
	16
	2
	13248
	70656
	Yes

	Category 2
	16
	2
	13248
	176640
	Yes

	Category 3
	16
	12
	13248
	70656
	Yes

	Category 4
	16
	12
	13248
	176640
	Yes

	Category 5
	16
	3
	19872
	105984
	Yes

	Category 6
	16
	3
	19872
	176640
	Yes

	Category 7
	16
	12
	19872
	105984
	Yes

	Category 8
	16
	12
	19872
	176640
	Yes

	Category 9
	16
	5
	33120
	176640
	Yes

	Category 10
	16
	5
	33120
	282624
	Yes

	Category 11
	16
	12
	33120
	176640
	Yes

	Category 12
	16
	12
	33120
	282624
	Yes

	Category 13
	16
	12
	52992
	282624
	Yes

	Category 14
	16
	12
	52992
	423936
	Yes

	Category 15
	16
	12
	93000
	423936
	Yes


Table 3 - 3.84Mcps TDD HSDPA UE Categories

5 Reference Combinations

Based on the possible combinations of UE capabilities defined by the categories in Table 3, UE reference combinations are defined in Table 4.

	Reference combination 
	1.3 Mbps class
	2.0 Mbps class
	3.3 Mbps class
	5.3 Mbps class

	RLC and MAC-hs parameters
	
	
	
	

	Total RLC AM and MAC-hs buffer size (kbytes)
	50
	100
	150
	300

	Maximum number of AM RLC entities
	6
	6
	6
	6

	PHY parameters
	
	
	
	

	3.84Mcps TDD HS-DSCH category
	Category 1
	Category 5
	Category 11
	Category 13


 Table 4 – 3.84 Mcps TDD UE radio access capability parameter combinations, DL HS-DSCH parameters 

6 RLC and MAC-hs Parameters

The RLC buffer size assumes the possibility of a single retransmission of an RLC PDU (it is assumed that the probability of failure in MAC-hs is low). The RLC buffer size is then derived as a function of the data rate supported and the assumed round trip time [1]. Assuming at most 2 re-transmissions in MAC-hs following a transmission, 90ms of the round trip time may be taken in MAC-hs (the 3.84Mcps TDD TTI is 10ms and the minimum cycle time is 3 TTIs). Allowing for traversals of Iub, the round trip time will be at least 150ms. The RLC buffer size 
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The MAC-hs reordering buffer allows for in-sequence delivery of MAC-hs SDUs (in sequence delivery is required for the case of RLC UM transmissions and to support ciphering [2]). The number of elements in the reordering buffer should be sufficient to ensure that the MAC-hs processes do not stall and SDUs can be delivered in-sequence to higher layers. [2] shows that for a 4-SAW process, a reordering buffer containing between 9 and 13 MAC-hs PDUs is sufficient. The MAC-hs reordering buffer size (in bytes) can then be calculated as :
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where 
[image: image8.wmf]reorder
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is the number of elements in the reordering buffer and 
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 is the transport block size.

Assuming a round trip time of 150ms, 10 elements in the MAC-hs reordering buffer for MAC-hs and that RLC will not be a data rate bottleneck, the total buffer sizes required for 3.84Mcps TDD can be calculated as :
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Noting that the data rate 
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,the total buffer size requirement can be simplified to :
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Noting that the calculated total buffer size is an absolute minimum (
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are aggressive targets), the calculated total buffer size is rounded up (typically by a factor of around 1.3 for FDD). The RLC buffer sizes required for 3.84Mcps TDD are :

	Data rate
	Calculated total RLC and MAC-hs buffer size (kbytes)
	Specified total RLC and MAC-hs buffer size (Kbytes)

	1.3 Mbps
	41400
	50

	2.0 Mbps
	62100
	100

	3.3 Mbps
	103500
	150

	5.3 Mbps
	165600
	200

	9.3 Mbps
	290625
	400
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