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1. Introduction

At RAN1 meeting #27, several papers have addressed the issue of defining 16 QAM as an option for the UE. Besides the performance aspects that are investigated in [1-5], proposals have also been made for the definition of the UE capabilities and the CQI tables [6-8]. In this contribution, we would like to summarize some requirements that should form the basis for the definition of the UE capabilities from our point of view in this respect. In conclusion, we support the proposal in [7] that enables the support for "QPSK only" for the lowest numbered UE categories.

2. Discussion

We see the following requirements for the definition of QPSK only and QPSK/16QAM UEs:

HSDPA market availability:

To improve time-to-market for HSDPA equipment and services, HSDPA capable UEs should be available soon. An early introduction of HSDPA capable UEs will pave the way for low-cost mobiles that are accpeted by the customer and make the mass market for HSDPA typical services possible. 

UE complexity:

While there should be no problems in principle with the implementation of 16QAM, as discussed in [7] and demonstrated by many other wireless technologies, there is still major development effort needed to carefully design 16QAM receivers based on the existing UE architectures. Therefore the UE capabilities should allow a smooth transition from Rel99 UEs to HSDPA UEs with QPSK only. For those manufacturers, who want to implement 16QAM from the beginning, there should still be the possbility of implementing low data rate UEs, avoiding too much implementation effort for the baseband processing. 

System performance:

The impact on system performance by eliminating 16QAM is certainly depending on the assumptions, however, as shown by all related contributions, there is clearly some impact. While for the early stage of HSDPA deployment, performance degradation without 16QAM is not seen as critical, the UE capabilities should as much as possible avoid the impact on system performance in later stages of HSDPA, i.e. when higher system load is envisaged.

Network Options:

From network manufacturer point of view, as few options as are possible are preferred in order to have a clear view of the UEs that need to be supported in the early and later stages of HSDPA. This will allow optimized solutions for the most likely UE population scenarios. For instance, 16QAM may be provided in the network in the first stage with some restrictions (e.g., in transmission power level) for those 16QAM UEs that are available at this stage.

Data Rates:

HSDPA should be a clear enhancement to Rel99/4 UEs, hence the supported data rates should be well beyond the ones that will typically be supported with the today’s architecture.

Impact on Standardisation:

The modification of the UE capablities should have low impact on the ongoing standardisation process, i.e. the impact on other parts of the specifications (e.g., the CQI tables) should be as small as possible.

3. Proposal

Taking all these requirements into account, in summary, we would prefer a solution, which allows “QPSK only” UEs only for the very low end UEs, i.e. one or two categories. A reasonable proposal for this has been made in [7]. For convenience, it is repeated here, see table 2.

Table 1 . Current physical layer capabilities for HSDPA FDD

	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
	Total number of soft channel bits


	Category 1
	5
	3
	7300
	19200

	Category 2
	5
	3
	7300
	28800

	Category 3
	5
	2
	7300
	28800

	Category 4
	5
	2
	7300
	38400

	Category 5  
	5
	1
	7300
	57600

	Category 6
	5
	1
	7300
	67200

	Category 7
	10
	1
	14600
	115200

	Category 8
	10
	1
	14600
	134400

	Category 9
	15
	1
	20432
	172800

	Category 10
	15
	1
	28776
	172800


Table 2: Proposed physical layer capabilities for HSDPA FDD, taken from [7]

	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
	Total number of soft channel bits

	Modulation

support
	Max. Avg. Bit Rate

(Mbps)

	Category 1
	5
	2
	3650
	14400
	QPSK
	0.9

	Category 2
	5
	1
	3650
	28800
	QPSK
	1.8

	Category 3
	5
	2
	7300
	28800
	QPSK/16-QAM
	1.8

	Category 4
	5
	2
	7300
	38400
	QPSK/16-QAM
	1.8

	Category 5
	5
	1
	7300
	57600
	QPSK/16-QAM
	3.6

	Category 6
	5
	1
	7300
	67200
	QPSK/16-QAM
	3.6

	Category 7
	10
	1
	14600
	115200
	QPSK/16-QAM
	7.2

	Category 8
	10
	1
	14600
	134400
	QPSK/16-QAM
	7.2

	Category 9
	15
	1
	20432
	172800
	QPSK/16-QAM
	10.2

	Category 10
	15
	1
	28776
	172800
	QPSK/16-QAM
	14.4


Regarding the CQI tables, this proposal would require a minor change only by splitting the existing table for category 1-6 into two tables, see Annex A.
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Annex A: Revised CQI Definition for new UE categories

Table 8a: CQI mapping table for UE categories 1 to 2.

	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment (

	0
	N/A
	out of range

	1
	137
	1
	QPSK
	0

	2
	173
	1
	QPSK
	0

	3
	233
	1
	QPSK
	0

	4
	317
	1
	QPSK
	0

	5
	377
	1
	QPSK
	0

	6
	461
	1
	QPSK
	0

	7
	650
	2
	QPSK
	0

	8
	792
	2
	QPSK
	0

	9
	931
	2
	QPSK
	0

	10
	1262
	3
	QPSK
	0

	11
	1483
	3
	QPSK
	0

	12
	1742
	3
	QPSK
	0

	13
	2279
	4
	QPSK
	0

	14
	2583
	4
	QPSK
	0

	15
	3319
	5
	QPSK
	0

	16
	3319
	5
	QPSK
	-1

	17
	3319
	5
	QPSK
	-2

	18
	3319
	5
	QPSK
	-3

	19
	3319
	5
	QPSK
	-4

	20
	3319
	5
	QPSK
	-5

	21
	3319
	5
	QPSK
	-6

	22
	3319
	5
	QPSK
	-7

	23
	3319
	5
	QPSK
	-8

	24
	3319
	5
	QPSK
	-9

	25
	3319
	5
	QPSK
	-10

	26
	3319
	5
	QPSK
	-11

	27
	3319
	5
	QPSK
	-12

	28
	3319
	5
	QPSK
	-13

	29
	3319
	5
	QPSK
	-14

	30
	3319
	5
	QPSK
	-15


Table 8b: CQI mapping table for UE categories 3 to 6.

	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment (

	0
	N/A
	out of range

	1
	137
	1
	QPSK
	0

	2
	173
	1
	QPSK
	0

	3
	233
	1
	QPSK
	0

	4
	317
	1
	QPSK
	0

	5
	377
	1
	QPSK
	0

	6
	461
	1
	QPSK
	0

	7
	650
	2
	QPSK
	0

	8
	792
	2
	QPSK
	0

	9
	931
	2
	QPSK
	0

	10
	1262
	3
	QPSK
	0

	11
	1483
	3
	QPSK
	0

	12
	1742
	3
	QPSK
	0

	13
	2279
	4
	QPSK
	0

	14
	2583
	4
	QPSK
	0

	15
	3319
	5
	QPSK
	0

	16
	3565
	5
	16-QAM
	0

	17
	4189
	5
	16-QAM
	0

	18
	4664
	5
	16-QAM
	0

	19
	5287
	5
	16-QAM
	0

	20
	5887
	5
	16-QAM
	0

	21
	6554
	5
	16-QAM
	0

	22
	7168
	5
	16-QAM
	0

	23
	7168
	5
	16-QAM
	-1

	24
	7168
	5
	16-QAM
	-2

	25
	7168
	5
	16-QAM
	-3

	26
	7168
	5
	16-QAM
	-4

	27
	7168
	5
	16-QAM
	-5

	28
	7168
	5
	16-QAM
	-6

	29
	7168
	5
	16-QAM
	-7

	30
	7168
	5
	16-QAM
	-8


