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1 Introduction

In RAN2#66 [1] caused the discussion about which HSDPA category the UE and the network should adopt when the UE is configured with MAC-ehs but neither 64QAM nor MIMO is configured. This ambiguity in 25.306 was widely discussed however no final agreement was reached.
Moreover, we see some other ambiguities in the current specifications about UE categories of HSDPA, which will also lead to the interoperability issues. The intention of this document is to further discuss these ambiguities and try to find a solution that all the concern UE/Network vendors could converge on.
2 Background

2.1 Principle of category fallback in current spec
According to 25.306, a UE will advertise different HSDPA categories under different configurations, for example, Section 5.1 of 25.306 states “UEs of categories 21 shall also support one of category 9, 10, 13, 14, 15, 16, 17 or 18 when dual cell operation is not configured”. That is to say, a kind of “HSDPA category fallback” will happen in case the network does not configure dual cell operation.
Based on the HSDPA categories that UE advertises as, network would decide:

1. Which CQI mapping table to be used, as shown in the Annex;
2. The size of virtual IR buffer to be used for HARQ functionality.
2.2 HS-DSCH rate matching

As shown in the Figure 1 of 25.212 copied below, the HARQ functionality consists of two rate-matching stages and a virtual buffer. The first rate matching stage matches the number of input bits to the virtual IR buffer. If the number of input bits NTTI (which depends on transport block sizes) does not exceed the virtual IR buffering capability, the first rate matching stage is transparent; otherwise in case of larger transport block size (where the number of input bits exceeds the IR buffering capability), it will be non-transparent. 
The disagreement of virtual IR buffer between UE and network may fail the first rate de-matching at the UE. As a consequence, HSDPA performance degradation happens even the data rate could drop to zero.
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Figure 1: HS-DSCH HARQ Functionality [TS25.212]
3 Ambiguities on UE category
In the following sections, some ambiguities found in current specifications are discussed and some ways forward are suggested.
3.1 Report of UE category after fallback in RRC signalling
In 25.331, as shown in the table below, IE “HS-DSCH physical layer category extension” presents the category that UE advertises in the case that dual cell operation is not configured while MAC-ehs is configured, through which, network could know whether the UE is capable of the Rel-7 feature, such as MIMO and 64QAM. The IE “HS-DSCH physical layer category extension 2” provides the category that UE advertises as in case dual cell operation is configured. Both of the two IEs are optional.
	>>>HS-DSCH physical layer category
	MP
	
	Integer

(1..64)
	As defined in [35]. 

Values 13...64 are spares.

See Note 5.
	REL-5

	>>>HS-DSCH physical layer category extension
	OP
	
	Integer (1..20)
	As defined in [35].

See Note 6
	REL-7

	>>>HS-DSCH physical layer category extension 2
	OP
	
	Integer

(21..24)
	As defined in [35].

See Note 12. Absence of this IE means that dual cell operation is not supported.
	REL-8


	NOTE 5:
All UEs supporting HS-DSCH should signal a category between 1 and 12 for this IE even if the UE physical capability category is above 12. This IE corresponds to the HS-DSCH category supported by the UE when MAC-ehs is not configured.

	NOTE 6:
This IE corresponds to the HS-DSCH category supported by the UE when MAC-ehs is configured.

	NOTE 12:
This IE corresponds to the HS-DSCH category supported by the UE when dual cell operation is configured.


25.306 specify which category the UE should advertise as when dual cell operation is not configured for the DC-HSDPA capable UE, as specified as follow:

“UEs of categories 21 shall also support one of category 9, 10, 13, 14, 15, 16, 17 or 18 when dual cell operation is not configured.
UEs of categories 22 shall also support one of category 10, 14, 16 or 18 when dual cell operation is not configured.

UEs of categories 23 shall also support one of category 13, 14, 17, 18, 19 or 20 when dual cell operation is not configured.

UEs of categories 24 shall also support one of category 14, 18 or 20 when dual cell operation is not configured.”

The following two ambiguities can be found in the current spec we believe these need to be remedied somehow:

1. Is there kind of dependency between IE “HS-DSCH physical layer category extension” and IE “HS-DSCH physical layer category extension 2”? What is the behavior of network required in the case that dual cell operation is not configured while IE “HS-DSCH physical layer category extension” is not reported by the UE, which is DC-HSDPA capable?;
2. Why such kinds of restrictions are specified in 25.306 since they actually depend on the implementation of UE? What is the behavior of network required in the case that the UE category reported in IE “HS-DSCH physical layer category extension” is outside the set of restrictions/limitations specified by 25.306, e.g. suppose a category 24 capable UE reports category 17 in the IE “HS-DSCH physical layer category extension” via RRC signaling?

The restrictions specified in 25.306 were maybe originally introduced in order to reduce “the numbers of different UE types” However, it is our understanding that it is unnecessary since it is entirely a matter for UE implementation. It is proposed to clarify the ambiguities by:

Proposal 1: IE “HS-DSCH physical layer category extension” should also be reported if IE “HS-DSCH physical layer category extension 2” is reported by the UE.
Proposal 2: Remove the restrictions on category fallback specified in 25.306 for the DC-HSDPA capable UE when dual cell operation is not configured.

3.2 HARQ virtual IR buffer size after UE category fallback 

In order to avoid the possible HS-DSCH rate matching issue after the fallback of UE category, the UE and the network should make an agreement with regard to the size of virtual IR buffer used in HARQ functionality. In order to remedy the ambiguities in the current spec, there seem to be two possible solutions:
1. Solution 1: Both UE and network should assume the HARQ virtual IR buffer as the one corresponding to the category after the fallback. For example, if UE advertises as category 10 after the fallback, the assumption of the size of HARQ virtual IR buffer for both the UE and network should be 28800;

2. Solution 2: As stated in [1], the UE HARQ virtual IR buffer should not depend on the configuration, that is to say, both the UE and the network should always assume the HARQ virtual IR buffer to be the one corresponding to the highest category that the UE advertised. For example, if UE advertised 24 before the fallback and advertised category 10 after the fallback, then the size of HARQ virtual IR buffer for both the UE and the network should be assumed to be 43200.
The following scenarios should be considered for the purpose of deciding on just one solution as the way forward.
3.2.1 Scenario 1: HSDPA category when only MAC-ehs is configured 
In the current specification, for the scenario where only MAC-ehs is configured, i.e. none of 64QAM, MIMO or dual cell operation is configured, the UE category fallback should respect the following principles:
UEs of categories 13, 15, 17 or 19 also support category 9 when MAC-ehs is configured.

UEs of categories 14, 16, 18 or 20 also support category 10 when MAC-ehs is configured.

As discussed in [1], there is confusion in the text above and clarification is needed.
3.2.2 Scenario 2: DC-HSDPA category fallback when 64QAM is not configured
If the solution 1 (in Section 3.2) is adopted as the way forward, then for the UE advertised as category 23/24, it is not clear enough in the current spec what the category after fallback if 64QAM is not configured. 
For the UE of category 24, it is natural that the category after fallback should be 22. However, for the UE of category 23, there are two alternatives after the fallback:
· Category 21;
· Category 22.
We believe that category 22 should be preferred, thus to avoid the throughput decrease after the category fallback, because the code rate restriction of 0.823 will be applied for category 21 for 16QAM, however the code rate restriction of 0.823 shall only be applied for category 23 for 64QAM.
3.2.3 Scenario 3: DC-HSDPA category fallback when 64QAM is not configured in only one cell
In dual cell operation, the scenario that 64QAM is configured by the network in one cell but not configured in another could happen in the following situations:

1. One cell is not capable of 64QAM;

2. The 64QAM resources in one cell are exhausted;

3. Based on the RRM strategies, 64QAM in one cell is disabled because of the restriction of HS-SCCH codes.

As the consequence, if the solution 1 (in section 3.2) is adopted as the way forward, for a UE advertised as category 21~24, there is one ambiguity in the network that whether UE category fallback should be applied. Taken into account that rate matching procedure should be done separately among the two cells in dual cell operation, the category fallback should be applied in the network, then the category that Node B considered as will be different between the two cells, as the consequence, the inconsistence of HARQ virtual IR buffer between UE and Node B maybe happen since UE can’t do the “partial fallback”.
If the solution 2 (in section 3.2) is adopted as the way forward, the issue above could be solved since HARQ virtual IR buffer will not be changed after the category fallback.
3.2.4 Scenario 4: HARQ IR buffer for category 17/18
Spec 25.306 provides the following table for category 17/18:
	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


If the solution 2 (in section 3.2) is adopted as the way forward, then there is ambiguity concerning which HARQ IR buffer should be considered for a UE which has advertised as category 18, in the case where 64QAM is configured (43200 or 57600?).
3.2.5 Scenario 5: Fallback of category 19/20 when only 64QAM or MIMO is configured

If the solution 1 (in section 3.2) is adopted as the way forward, then for a UE advertised as category 19/20, there will be ambiguities that what the category after fallback should be if only 64QAM or MIMO is configured. Although according to the spec 25.306 and 25.214, the result shown in the table below could be easily deduced, however in order to avoid the inter-operability issues, clarifications somehow are still preferred.

	
	Fallback if only 64QAM is configured
	Fallback if only MIMO is configured

	Category 19
	Category 13
	Category 15

	Category 20
	Category 14
	Category 16


RAN2 is requested to discuss the ambiguities listed above and to agree solutions:
Proposal 3: RAN2 to discuss the two solutions listed in section 3.2 with regard to the ambiguities in current specifications and agree a way forward.
4 Possible impact on the specs of RAN1

If the solution 1 above is adopted as the way forward, the no impact on RAN1 specifications is foreseen.

If the solution 2 above is adopted as the way forward, no problems are foreseen as long as both the network and UE are in sync using the same CQI mapping table and the same size of HARQ virtual IR buffer. However, although the CQI computation in UE is based entirely on the SNR estimation as per 25.214, in order to avoid the possible ambiguities on the specs as well as the possible misalignment between the spec of RAN1 and the spec of RAN2, it is still suggested RAN1 could do some evaluations with regard to the change.
5 Conclusion
In this document, several ambiguities with regard to the HSDPA categories in current specs were discussed, and two possible solutions are provided as the way forward. It is proposed RAN2 to discuss and agree on the following two proposals thus to avoid the interoperation issues:
Proposal 1: IE “HS-DSCH physical layer category extension” should also be reported if IE “HS-DSCH physical layer category extension 2” is reported by the UE.
Proposal 2: Remove the restrictions on category fallback specified in 25.306 for the DC-HSDPA capable UE when dual cell operation is not configured.
Proposal 3: RAN2 to discuss the two solutions listed in section 3.2 with regard to the ambiguities in current specifications and agree a way forward.
In addition:
· For proposal 1, one CR is provide in [3];
· For proposal 2 and proposal 3, two set of CRs are provided for the two solutions separately ([4][5] are provided based on solution 1, and [6][7] are provided based on solution 2).
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7 Annex (cited from 25.214)
Table 1: Applicability of CQI mapping tables.

	Category
	Used CQI mapping table

	
	MIMO not configured
	MIMO configured

	
	64QAM 

not configured
	64QAM 

configured
	64QAM 

not configured
	64QAM 

configured

	
	
	
	In case of type B or single transport block type A CQI reports
	In case of dual transport block type A CQI reports
	In case of type B or single transport block type A CQI reports
	In case of dual transport block type A CQI reports

	1-6
	A
	N/A

	7 and 8
	B
	N/A

	9
	C
	N/A

	10
	D
	N/A

	11 and 12
	E
	N/A

	13
	C
	F
	N/A

	14
	D
	G
	N/A

	15
	C
	N/A
	C
	H
	N/A

	16
	D
	N/A
	D
	I
	N/A

	17
	C
	F
	C
	H
	N/A

	18
	D
	G
	D
	I
	N/A

	19
	C
	F
	C
	H
	F
	J

	20
	D
	G
	D
	I
	G
	K

	21
	C
	N/A

	22
	D
	N/A

	23
	C
	F
	N/A

	24
	D
	G
	N/A


Table 7G: CQI mapping table G.
	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment (
	NIR
	XRV

	0
	N/A
	Out of range

	1
	136
	1
	QPSK
	0
	43200
	0

	2
	176
	1
	QPSK
	0
	
	

	3
	232
	1
	QPSK
	0
	
	

	4
	320
	1
	QPSK
	0
	
	

	5
	376
	1
	QPSK
	0
	
	

	6
	464
	1
	QPSK
	0
	
	

	7
	648
	2
	QPSK
	0
	
	

	8
	792
	2
	QPSK
	0
	
	

	9
	928
	2
	QPSK
	0
	
	

	10
	1264
	3
	QPSK
	0
	
	

	11
	1488
	3
	QPSK
	0
	
	

	12
	1744
	3
	QPSK
	0
	
	

	13
	2288
	4
	QPSK
	0
	
	

	14
	2592
	4
	QPSK
	0
	
	

	15
	3328
	5
	QPSK
	0
	
	

	16
	3576
	5
	16-QAM
	0
	
	

	17
	4200
	5
	16-QAM
	0
	
	

	18
	4672
	5
	16-QAM
	0
	
	

	19
	5296
	5
	16-QAM
	0
	
	

	20
	5896
	5
	16-QAM
	0
	
	

	21
	6568
	5
	16-QAM
	0
	
	

	22
	7184
	5
	16-QAM
	0
	
	

	23
	9736
	7
	16-QAM
	0
	
	

	24
	11432
	8
	16-QAM
	0
	
	

	25
	14424
	10
	16-QAM
	0
	
	

	26
	15776
	10
	64-QAM
	0
	
	

	27
	21768
	12
	64-QAM
	0
	
	

	28
	26504
	13
	64-QAM
	0
	
	

	29
	32264
	14
	64-QAM
	0
	
	

	30
	38576
	15
	64-QAM
	0
	
	


Table 7D: CQI mapping table D.
	CQI or CQIS value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment (
	NIR
	Xrv or Xrvpb

	0
	N/A
	Out of range

	1
	137
	1
	QPSK
	0
	28800
	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
	9719
	7
	16-QAM
	0
	
	

	24
	11418
	8
	16-QAM
	0
	
	

	25
	14411
	10
	16-QAM
	0
	
	

	26
	17237
	12
	16-QAM
	0
	
	

	27
	21754
	15
	16-QAM
	0
	
	

	28
	23370
	15
	16-QAM
	0
	
	

	29
	24222
	15
	16-QAM
	0
	
	

	30
	25558
	15
	16-QAM
	0
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