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1 Introduction

At the RAN5#37 meeting it was discussed how to specify RB and MAC-hs/ehs/MAC-e/es test cases for MIMO, 64QAM DL, 16QAM UL and Improved Layer 2. The purpose of this paper is to discuss the different configurations that need to be covered by the HSPA test cases and propose a way forward to meet the target to complete the HSPA work items by next RAN5 meeting. This paper focuses on the radio bearer and MAC TB size selection test cases which is the area where there is a risk of overlap between the HSPA work items.
2 Discussion
2.1 UE radio access capabilities related to HSPA
2.1.1 UE radio access capabilities for MIMO and 64QAM DL

The UE radio access capabilities related to MIMO, 64QAM DL and 16QAM UL are specified in [1] TS 25.306 as minimum requirements for different FDD HS-DSCH physical layer categories. 
Table 5.1a in [1]: FDD HS-DSCH physical layer categories

	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
NOTE 1
	Total number of soft channel bits

	Supported modulations without MIMO operation
	Supported modulations simultaneous with MIMO operation

	Category 1
	5
	3
	7298
	19200
	QPSK, 16QAM
	Not applicable 
(MIMO not supported)

	Category 2 
	5
	3
	7298
	28800
	
	

	Category 3
	5
	2
	7298
	28800
	
	

	Category 4
	5
	2
	7298
	38400
	
	

	Category 5 
	5
	1
	7298
	57600
	
	

	Category 6
	5
	1
	7298
	67200
	
	

	Category 7
	10
	1
	14411
	115200
	
	

	Category 8
	10
	1
	14411
	134400
	
	

	Category 9
	15
	1
	20251
	172800
	
	

	Category 10
	15
	1
	27952
	172800
	
	

	Category 11
	5
	2
	3630
	14400
	QPSK
	

	Category 12
	5
	1
	3630
	28800
	
	

	Category 13
	15
	1
	35280
	259200
	QPSK, 16QAM, 64QAM
	

	Category 14
	15
	1
	42192
	259200
	
	

	Category 15
	15
	1
	23370
	345600
	QPSK, 16QAM

	Category 16
	15
	1
	27952
	345600
	

	Category 17 NOTE 2
	15
	1
	35280
	259200
	QPSK, 16QAM, 64QAM
	–

	
	
	
	23370
	345600
	–
	QPSK, 16QAM

	Category 18 NOTE 3
	15
	1
	42192
	259200
	QPSK, 16QAM, 64QAM
	–

	
	
	
	27952
	345600
	–
	QPSK, 16QAM


A UE that supports categories greater or equal to category 13, also supports E-DPDCH.
A UE that supports categories greater or equal to category 13, also supports MAC-ehs.
2.1.2 UE radio access capabilities 16QAM UL

Table 5.1g in [1]: FDD E-DCH physical layer categories

	E-DCH category
	Maximum number of E-DCH codes transmitted


	Minimum spreading factor
	Support for 10 and 2 ms TTI EDCH
	Maximum number of bits of an E-DCH transport block transmitted within a 10 ms E-DCH TTI
	Maximum number of bits of an E-DCH transport block transmitted within a 2 ms E-DCH TTI

	Category 1
	1
	SF4
	10 ms TTI only
	7110
	-

	Category 2 
	2
	SF4
	10 ms and
2 ms TTI
	14484
	2798

	Category 3
	2
	SF4
	10 ms TTI only
	14484
	-

	Category 4
	2
	SF2
	10 ms and
2 ms TTI
	20000
	5772

	Category 5
	2
	SF2
	10 ms TTI only
	20000
	-

	Category 6
	4
	SF2
	10 ms and
2 ms TTI
	20000
	11484

	Category 7
	4
	SF2
	10ms and 2 ms TTI
	20000
	22996

	NOTE: When 4 codes are transmitted in parallel, two codes shall be transmitted with SF2 and two with SF4



UEs of Categories 1 to 6 support QPSK only (Rel-5 and later releases)
UEs of Category 7 support QPSK and 16QAM (Rel-7 and later releases)
2.1.3 UE radio access capabilities for Improved Layer 2 for higher data rates

The UE radio access capabilities for Improved Layer 2 for higher data rates relates to support of MAC-ehs and Flexible RLC.
In [1] the following is specified:

· A UE that supports FDD HS-DSCH physical layer categories greater or equal to category 13, also supports MAC-ehs (Ref. [1] clause 5.1).

· If the UE supports MAC-ehs operation then the UE shall also support HS-PDSCH in CELL_DCH and flexible RLC AM PDU size in downlink (Ref. [1] clause 4.3). 
2.2 Combination of Layer 2 configurations for HSPA
For the user plane then the following combinations of MAC-hs/MAC-ehs and Fixed/Flexible RLC are foreseen to be used in live networks:

1. Fixed RLC + MAC-hs (Rel-5 and later releases)

2. Fixed RLC + MAC-ehs (Rel-7 and later releases)

3. Flexible RLC + MAC-ehs (Rel-7 and later releases)
The combination Flexible RLC + MAC-hs is not included as this combination would require unrealistic processing requirements in the UE at higher data rates.
For the control plane and SRBs then the same combinations of MAC-hs/MAC-ehs and Fixed/Flexible RLC as for the user plane and radio bearers are likely to be used in live networks. 
2.3 Test coverage of HSPA enhanced L2 configurations, 64QAM DL, 16QAM UL and MIMO 

This section gives an initial proposal for test cases that may need to be added to get the necessary test coverage for  HSPA features and enhanced L2 configurations. It should be highlighted that there is a need for further analyse before any conclusion of necessary test cases can be made. In the table below the test cases in red are candidates for new test cases while the other test cases already exist in v8.0.0 of TS 34.123-1. 
2.3.1 64QAM, MIMO and Enhanced L2
	TC#
	Title
	Release
	L2 config
	Test coverage

	7.1.5.6
	MAC-hs transport block size selection
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-12,15 and 16 (QPSK, 16QAM)

	7.1.5a.5
	MAC-ehs transport block size selection 
	Rel-7
	Fixed RLC + MAC-ehs
	UE Cat 13,14,17 and 18 (QPSK, 16QAM, 64QAM)

	14.6.1
	Interactive or background / UL:64 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-12

	14.6.1a
	Interactive or background / UL:128 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-12

	14.6.2b
	Interactive or background / UL:64 DL: [max bit rate depending on UE category] with Flexible RLC and MAC-ehs / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH (non-MIMO)
	Rel-7
	RB: Flexible RLC + MAC-ehs
SRB: Fixed RLC + MAC-ehs
	UE Cat 13-18, no support of MIMO

QPSK, 16QAM

64QAM depending on UE category 

	14.6.2c
	Interactive or background / UL:64 DL: [max bit rate depending on UE category] with Flexible RLC and MAC-ehs / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH (MIMO)
	Rel-7
	RB: Flexible RLC + MAC-ehs
SRB: Fixed RLC + MAC-ehs
	UE Cat 13,14,17,18 supporting MIMO

QPSK , 16QAM 

	14.6.2
	Interactive or background / UL:384 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.3
	Conversational / speech / UL:12.2 DL:12.2 kbps / CS RAB + Interactive or background / UL:384 DL:[Bit rate depending on the UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.3a
	Conversational / speech / UL:12.2 DL:12.2 kbps / CS RAB + Interactive or background / UL:64 DL:[Bit rate depending on the UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.4
	Conversational / unknown / UL:64 DL:64 kbps / CS RAB + Interactive or background / UL:384 DL:[Bit rate depending on the UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.4a
	Conversational / unknown / UL:64 DL:64 kbps / CS RAB + Interactive or background / UL:64 DL:[Bit rate depending on the UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.5
	Interactive or background / UL:384 DL:[Bit rate depending on the UE category] / PS RAB + Interactive or background / UL:384 DL:[Bit rate depending on the UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.5a
	Interactive or background / UL:64 DL:[Bit rate depending on the UE category] / PS RAB + Interactive or background / UL:64 DL:[Bit rate depending on the UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.6
	Streaming / unknown / UL:128 DL: [guaranteed 128, max bit rate depending on UE category] kbps / PS RAB + Interactive or background / UL:128 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB: 

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.6a
	Streaming / unknown / UL:128 DL: [guaranteed 128, max bit rate depending on UE category] with Fixed RLC and MAC-ehs / PS RAB + Interactive or background / UL:128 DL: [max bit rate depending on UE category] with Flexible RLC and MAC-ehs / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH (non-MIMO)
	Rel-5
	RB: Fixed and Flexible RLC + MAC-ehs
SRB: Flexible RLC + MAC-ehs
	UE Cat 13-18, no support of MIMO

QPSK, 16QAM

64QAM depending on UE category

	14.6.6b
	Streaming / unknown / UL:128 DL: [guaranteed 128, max bit rate depending on UE category] with Fixed RLC and MAC-ehs / PS RAB + Interactive or background / UL:128 DL: [max bit rate depending on UE category] with Flexible RLC and MAC-ehs / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH (MIMO)
	Rel-5
	RB: Fixed and Flexible RLC + MAC-ehs
SRB: Flexible + MAC-ehs
	UE Cat 13,14,17,18 supporting MIMO

QPSK , 16QAM

	14.6.7
	Conversational / speech / UL:12.2 DL:12.2 kbps / CS RAB + Streaming / unknown / UL:128 DL: [guaranteed 128, max bit rate depending on UE category] kbps / PS RAB + Interactive or background / UL:128 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.8
	Conversational / speech / UL:(12.65 8.85 6.6) DL:(12.65 8.85 6.6) kbps / CS RAB + Interactive or Background / UL:384 DL:[Bit rate depending on the UE category] / PS RAB+ UL:3.4 DL:3.4 kbps SRBs for DCCH + DL:0.15 kbps SRB#5 for DCCH
	Rel-5
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.9
	Streaming MBMS PTP / unknown / UL:16 DL: [max bit rate depending on UE category] kbps / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH / MBMS Selected Service
	Rel-6
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.9m
	Streaming MBMS PTP / unknown / UL:16 DL: [max bit rate depending on UE category] kbps / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH / MBMS Multicast Service
	Rel-6
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.10
	Streaming MBMS PTP / unknown / UL:16 DL: [max bit rate depending on UE category] kbps / PS RAB  + Interactive or background / UL:64 DL: [max bit rate depending on UE category] / PS RAB   + Interactive or background / UL:64 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH / MBMS Selected Service
	Rel-6
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18

	14.6.10m
	Streaming MBMS PTP / unknown / UL:16 DL: [max bit rate depending on UE category] kbps / PS RAB  + Interactive or background / UL:64 DL: [max bit rate depending on UE category] / PS RAB   + Interactive or background / UL:64 DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH / MBMS Multicast Service
	Rel-6
	RB and SRB:

Fixed RLC + MAC-hs
	UE Cat 1-18


2.3.2 16QAM
	TC#
	Title
	Release
	L2 config
	Test coverage

	7.1.6.3.2
	MAC-es/e transport block size selection / QPSK
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK

UE E-DCH Cat 1-7

	7.1.6.3.2a
	MAC-es/e transport block size selection / 16QAM
	Rel-7
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: 16QAM

UE E-DCH Cat 7

	14.7.1
	Streaming or interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH on DCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7

	14.7.1a
	Streaming or interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH on DCH / 16QAM
	Rel-7
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: 16QAM

UE E-DCH Cat 7

	14.7.2
	Streaming or interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:[max bit rate depending on UE category and TTI] DL:3.4 kbps SRBs for DCCH on E-DCH and DL DCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7

	14.7.3
	Streaming or interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] SRBs for DCCH on E-DCH and HS-DSCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7

	14.7.4
	Conversational / speech / UL:12.2 DL:12.2 kbps / CS RAB + Streaming or interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7

	14.7.5
	Streaming or interactive or background / UL:[max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] kbps / PS RAB + Streaming or interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:[max bit rate depending on UE category and TTI] DL:3.4 kbps SRBs for DCCH on E-DCH and DL DCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7

	14.7.6
	Conversational / unknown or speech / UL:[max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] kbps / PS RAB + Streaming or Interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:[max bit rate depending on UE category and TTI] DL: :[max bit rate depending on UE category] SRBs for DCCH on E-DCH and HS-DSCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7

	14.7.6a
	Conversational / unknown or speech / UL:[max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] kbps / PS RAB + Streaming or Interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:[max bit rate depending on UE category and TTI] DL: :[max bit rate depending on UE category] SRBs for DCCH on E-DCH and HS-DSCH / 16QAM
	Rel-7
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: 16QAM

UE E-DCH Cat 7

	14.7.7
	Conversational / unknown or speech / UL:[max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] kbps / PS RAB + Streaming or Interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + Streaming or Interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:[max bit rate depending on UE category and TTI] DL: :[max 
bit rate depending on UE category] SRBs for DCCH on E-DCH and HS-DSCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7

	14.7.8
	Conversational / speech / UL:(12.65 8.85 6.6) DL:(12.65 8.85 6.6) kbps / CS RAB + Streaming or interactive or background / UL: [max bit rate depending on UE category and TTI] DL: [max bit rate depending on UE category] / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH + DL:0.15 kbps SRB#5 for DCCH
	Rel-6
	DL RB and DL SRB: Fixed RLC + MAC-hs
	UL: QPSK
UE E-DCH Cat 1-7


3 Proposal

It is proposed to use this document as a starting point for a more detailed study with the aim to identify necessary test cases for the HSPA work items. 

Ericsson as rapportuer of the work items for 64QAM and Improved L2 for higher data rates volunteers to perform the analysis and to co-ordinate the effort with the rapporteurs of the MIMO and 16QAM work items (Motorola and Qualcomm). The target is to submit necessary CRs to the next RAN5 meeting.
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