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1    Introduction
At RAN1#56bis meeting, CQI reporting procedure in DC-HSDPA with MIMO operation was discussed, and the transmission format in TDM way was agreed. In this contribution, we further evaluate this issue and give our considerations on the CQI reporting procedure for DC-HSDPA with MIMO operation. 
2 Discussion
In the document [1], CQI reporting procedure in case the UE is configured and not configured in MIMO mode is discussed. In the same way, the case that UE is configured in DC-HSDPA with MIMO mode also could be considered.
In the document [2], the CQI reporting procedure in TDM way for DC-HSDPA was discussed. The conclusion is also applicable for DC-HSDPA with MIMO operation. The transmission sequence of CQI for the serving HS-DSCH cell and CQI for the secondary serving HS-DSCH cell is considered particularly, as follows:
· For k = 0, the UE shall not transmit the CQI report;

· For k > 0 when DTX_DRX_STATUS is not TRUE, the UE shall first transmit the CQI and following repetitions for serving HS-DSCH cell (CQI1), and then CQI for secondary serving HS-DSCH cell (CQI2) and following repetitions, and CQI for the secondary serving HS-DSCH cell is always transmitted behind CQI for the serving HS-DSCH cell, which as shown in figure 1.
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Figure 1: CQI transmission pattern

· For k > 0 When DTX_DRX_STATUS is TRUE, if CQI_DTX_Priority=0, UE shall transmit the CQI, and all repeated CQI transmissions, only if the start of the CQI field in the CQI transmission pattern defined for serving HS-DSCH cell overlaps with a DPCCH transmission burst of the Uplink DPCCH burst pattern, and CQI for the secondary serving HS-DSCH cell always accompanies CQI for the serving HS-DSCH cell. In this case, the transmitting position of CQI for the secondary serving HS-DSCH cell could be defined for least disruption to the DTX cycle in terms of reducing the DPCCH transmission time. 
As defined in [1], the time offset between the start of HS-SCCH discontinuous reception radio frame CFN_DRX n and the start of the uplink DPCCH of CFN n is
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So the time offset between the HS-DPCCH discontinuous transmission radio frame of CFN_DRX n and the start of the uplink DPCCH of CFN n is
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Figure 2: Example for HS-SCCH reception pattern, 2ms E-DCH TTI
If CQI transmission happens during DPCCH burst pattern, the number of transmitted DPCCH slot shall be different with different configured parameters. For example, when N_cqi_transmit=1, DPCCH burst length=1,
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, the actual DPCCH transmission with different CQI_offset_sign, which determines the transmission sequence of CQI1 and CQI2, is shown in figure 3. The preamble and postamble are included. The CQI corresponding to the serving HS-DSCH cell is denoted as CQI1, and CQI corresponding to the secondary serving HS-DSCH cell is denoted as CQI2. 
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Figure 3: DPCCH transmission due to CQI transmission during DPCCH burst 
We calculate the exact transmitted DPCCH slot number due to CQI transmission in this case with different parameters, and the result is as table1-2, CQI_offset_sign “+1” denotes the position of CQI for serving HS-DSCH cell before CQI for secondary serving HS-DSCH cell, and CQI_offset_sign “-1” denotes the position of CQI for serving HS-DSCH cell behind CQI for secondary serving HS-DSCH cell. 
Table 1 Transmitted DPCCH slot number in case 
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	N_cqi_transmit
	DPCCH burst length
(subframe)
	Transmitted DPCCH slot number
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	CQI_offset_sign
	CQI_offset_sign
	CQI_offset_sign
	CQI_offset_sign

	
	
	+1
	-1
	+1
	-1
	+1
	-1
	+1
	-1

	1
	1
	9
	10
	10
	10
	9
	9
	10
	10

	
	2
	10
	13
	10
	13
	9
	12
	10
	12

	
	5
	19
	22
	19
	22
	18
	21
	18
	21

	2
	1
	15
	15
	16
	16
	15
	15
	16
	16

	
	2
	15
	16
	15
	16
	15
	15
	16
	16

	
	5
	19
	25
	19
	25
	18
	24
	18
	24

	3
	1
	21
	21
	22
	22
	21
	21
	22
	22

	
	2
	21
	21
	22
	22
	21
	21
	22
	22

	
	5
	21
	28
	22
	28
	21
	27
	22
	27

	4
	1
	27
	27
	28
	28
	27
	27
	28
	28

	
	2
	27
	27
	28
	28
	27
	27
	28
	28

	
	5
	27
	31
	28
	31
	27
	30
	28
	30


Table 2 Transmitted DPCCH slot number in case 
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	CQI_offset_sign
	CQI_offset_sign
	CQI_offset_sign

	
	
	+1
	-1
	+1
	-1
	+1
	-1

	1
	1
	10
	10
	10
	9
	11
	10

	
	2
	10
	12
	10
	11
	11
	11

	
	5
	18
	21
	19
	20
	18
	20

	2
	1
	16
	16
	16
	15
	17
	16

	
	2
	16
	16
	16
	15
	17
	16

	
	5
	18
	24
	18
	23
	18
	23

	3
	1
	22
	22
	22
	21
	23
	22

	
	2
	22
	22
	22
	21
	23
	22

	
	5
	22
	27
	22
	26
	23
	26

	4
	1
	28
	28
	28
	27
	29
	28

	
	2
	28
	28
	28
	27
	29
	28

	
	5
	28
	30
	28
	29
	29
	29


The results are denoted as: 

· The transmitted DPCCH slot number is shown in red, if the optimal CQI_offset_sign is adopted for least DPCCH transmission. If the two transmitted DPCCH slot number with different CQI_offset_sign are equal, there is no optimal CQI_offset_sign shown. 
From the result, we can see that, to minimize the DPCCH transmission time, the optimal CQI_offset_sign could be concluded to be:
Table 3  CQI_offset_sign value
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	N_cqi_transmit< DPCCH burst length
	N_cqi_transmit≥ DPCCH burst length

	CQI_offset_sign
	+1
	+1
	-1


Proposal 1: The value of CQI_offset_sign is determined by Table 3.

As shown in Table1-2, the optimal CQI_offset_sign shall be -1 under only few circumstances. Moreover, when the optimal CQI_offset_sign shall be -1, only 1 DPCCH slot transmission is reduced compared to CQI_offset_sign=+1.

To simplify the CQI reporting procedure for DC-HSDPA with MIMO operation, the CQI_offset_sign could be fixed to be +1. That is to say, CQI for the secondary serving HS-DSCH cell is transmitted behind CQI for the serving HS-DSCH cell with a time offset equal to N_cqi_transmit subframes. 
Proposal 2: CQI for the secondary serving HS-DSCH cell is transmitted behind a fixed time offset equal to N_cqi_transmit subframes relative to the timing for CQI for the serving HS-DSCH cell.
3    Conclusion
In this document, CQI reporting procedure in case that UE is configured in DC-HSDPA with MIMO mode is analyzed detailed, especially for CQI reporting procedure in case DTX_DRX_STATUS is TRUE. From the results provided above, we conclude that:   
To minimize the DPCCH transmission, the value of CQI_offset_sign shall be determined by table 3 in this contribution. 

Proposal 1: The value of CQI_offset_sign is determined by Table 3.
To simplify the CQI reporting procedure for DC-HSDPA with MIMO operation, the fixed time offset shall be introduced for the CQI transmission corresponding to the secondary serving HS-DSCH cell.
Proposal 2: CQI for the secondary serving HS-DSCH cell is transmitted behind a fixed time offset equal to N_cqi_transmit subframes relative to the timing for CQI for the serving HS-DSCH cell.

In our opinion, proposal 2 is preferred for simplification. We kindly suggest RAN1 to consider this issue and reach an agreement on the CQI reporting procedure for DC-HSDPA with MIMO operation. 
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[---------------------------------------------- TEXT START ----------------------------------------------]
6A.1.2.2
Composite PCI/CQI reporting procedure in case the UE is configured in MIMO mode

The following types of CQI reports have to be supported by the UE when the UE is configured in MIMO mode:

Type A: CQI reports that indicate the supported transport format(s) for the number of simultaneously transmitted transport blocks that the UE prefers according to the current channel conditions assuming that the preferred primary precoding vector as indicated by the PCI value signalled in the same HS-DPCCH sub-frame would be applied at the Node-B for the primary transport block and in case two transport blocks are preferred the precoding vector orthogonal to the preferred primary precoding vector would be applied for the secondary transport block. This type of CQI report contains information on either one transport format or a combination of two transport formats depending on what is currently the preferred number of transport blocks (either 1 or 2).

Type B: CQI reports that indicate the supported transport format for a single transmitted transport block according to the current channel conditions assuming that the preferred primary precoding vector as indicated by the PCI value signalled in the same HS-DPCCH sub-frame would be applied at the Node-B for the primary transport block and that no secondary transport block is transmitted.

With the exception of the provisions of subclause 6A.3, the following shall apply when the UE is configured in MIMO mode:

1)
The UE derives the PCI value for the serving HS-DSCH cell as defined in subclause 6A.4 and either a type A or a type B CQI value for the serving HS-DSCH cell as defined in subclause 6A.2.2 depending on which type of CQI shall be reported as defined below.
If Secondary_Cell_Active is 1, the UE also derives a PCI value for the secondary serving HS-DSCH cell as defined in subclause 6A.4 and either a type A or a type B CQI value for the secondary serving HS-DSCH cell as defined in subclause 6A.2.2 depending on which type of CQI shall be reported as defined below.
2)


a. For k = 0, the UE shall not transmit a composite PCI/CQI value.
b. For k > 0 when DTX_DRX_STATUS is not TRUE (see section 6A.1), the UE shall transmit a composite PCI/CQI value for the serving HS-DSCH cell in each subframe that starts m(256 chips after the start of the associated uplink DPCCH frame with m fulfilling
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where CFN denotes the connection frame number for the associated DPCH and the set of five possible values of m is calculated as described in subclause 7.7 in [1].


When the relation 
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holds, the UE shall report a type A CQI value. Otherwise the UE shall report a type B CQI value. 

c. For k > 0 when DTX_DRX_STATUS is TRUE (see section 6A.1), the UE shall transmit the CQI value for the serving HS-DSCH cell as specified in 6C.2 based on the CQI transmission pattern. The CQI transmission pattern is the set of HS-DPCCH subframes whose HS-DPCCH discontinuous transmission radio frame number CFN_DRX and subframe number S_DRX, both defined in 6C.3, verify:
((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) mod k') = 0, with 
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holds, the UE shall report a type A CQI value. Otherwise the UE shall report a type B CQI value.

d. For k>0, the PCI value for the serving HS-DSCH cell derived in 1) shall be transmitted together with the CQI value for the serving HS-DSCH cell as a composite PCI/CQI value. It should be noted that in case that 2560 is not an integer multiple of M_cqi, the sequence of type A and type B CQI reports might not always be periodic due to CFN roll-over.

3)
The UE shall repeat the transmission of the composite PCI/CQI value for the serving HS-DSCH cell derived above over the next (N_cqi_transmit – 1) consecutive HS-DPCCH sub frames in the slots respectively allocated to CQI as defined in [1]. The UE does not support the case of 
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4)
The UE shall not transmit composite PCI/CQI for the serving HS-DSCH cell in other subframes than those described in 2) and 3).
5)
If Secondary_Cell_Active is 1, the UE shall also transmit the composite PCI/CQI value for the secondary serving HS-DSCH cell over the N_cqi_transmit consecutive HS-DPCCH sub frames immediately following the transmission for the serving HS-DSCH cell described in 2) and 3). If Secondary_Cell_Enabled is 1, the UE does not support the case of 
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[---------------------------------------------- TEXT OMITTED ---------------------------------------------]
6A.2.3 
CQI tables

The CQI mapping table for each UE category and configured mode of operation is described in Table 7a.

Table 7a: 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

	[25]
	C
	N/A
	C
	H
	N/A

	[26]
	D
	N/A
	D
	I
	N/A

	[27]
	C
	F
	C
	H
	F
	J

	[28]
	D
	G
	D
	I
	G
	K


[---------------------------------------------- TEXT OMITTED ---------------------------------------------]
6C.1
Uplink CQI transmission

When UL_DTX_Active is FALSE (see section 6C), the UE shall always transmit the Channel-Quality Indication (CQI) in the CQI transmission pattern defined in 6A.1.2.

When UL_DTX_Active is TRUE (see section 6C), the UE shall perform the following procedures:

The UE shall set the initial value of the variable CQI_DTX_Priority to 1.

Afterwards the UE sets the CQI_DTX_Priority based on the status of a "CQI nominal reporting timer" which is counting down to zero in subframes from the value CQI_DTX_TIMER which is configured by higher layers.

The setting of CQI_DTX_Priority to 1 is described in subclause 6A.1.1.

Upon the expiration of the CQI nominal reporting timer, the UE shall set CQI_DTX_Priority to 0.

CQI_DTX_Priority=0 indicates that CQI reports have lower priority than the Uplink DPCCH burst pattern. If CQI_DTX_Priority is set to 0, the UE shall transmit the Channel-Quality Indication (CQI) for the serving HS-DSCH cell, and all repeated CQI transmissions for the serving HS-DSCH cell according to the value of N_cqi_transmit, only if the start of the CQI field for the serving HS-DSCH cell in the CQI transmission pattern as defined in 6A.1.2 overlaps with a DPCCH transmission burst of the Uplink DPCCH burst pattern as indicated in 6C.2.1. .If Secondary_Serving_HS-DSCH_Cell_Active is 1 and MIMO is configured, the UE shall also transmit the CQI for the secondary serving HS-DSCH cell, and all repeated CQI transmissions for the secondary serving HS-DSCH cell according to the value of N_cqi_transmit, whenever the CQI for the serving HS-DSCH cell can be transmitted.
CQI_DTX_Priority=1 indicates that CQI reports have higher priority than the Uplink DPCCH burst pattern. If CQI_DTX_Priority is set to 1, the UE shall always transmit the Channel-Quality Indication (CQI), and all repeated CQI transmissions according to the value of N_cqi_transmit, in the CQI transmission pattern defined in 6A.1.2
[---------------------------------------------- TEXT END ----------------------------------------------]
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