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1. Introduction

It was agreed to adopt a scheme with up to two codewords for 4-branch MIMO, where a CW is mapped to up to 2 layers, and the ACK and CQI are feedback based on CW [1]. It was also agreed to apply the LTE-Release 8 codebook for pre-coding codebook as work assumption [2]. These agreements and work assumptions enable further detailed discussion on HS-DPCCH. It has been agreed to fully reuse the Rel-7 HARQ-ACK for 4-branch MIMO [2], but the CQI\RI\PCI design is still an open issue. 
In the contributions of last RAN1 meetings [3]-[9], several design options had been presented. They concern the introduction of 2 different structure/formats for 4-branch MIMO: one for lower rank and another for higher rank; and the design of HS-DPCCH for each format. 
It seems that most companies agree to use only one channelization HS-DPCCH with SF256, the same as for 2x2 MIMO. One discuss point was about if CQI/RI/PCI should be transmitted using a TDM approach or joint encoding of CQI/RI/PCI. The main purpose of this contribution is to discuss further design options with joint encoding of CQI/RI/PCI. 
2. Discussion
2.1 Design options for CQI/RI/PCI
There are generally 2 design options with only one channellisation HS-DPCCH and without spreading factor reduction, i.e. hold the SF=256 for 4-branch MIMO of single carrier.
· Option 1: TDM of CQI/RI/PCI, 
· Parts of CQI/RI/PCI bits are transmitted in different TTI, shown in Figure 1,
· The number of information bits in each TTI would never more than 10, and so that the existed coding can be reused.
· The minimum feedback cycle would be doubled to 4ms, and when 4-branch MIMO is coexistence with 4-carrier configuration, the minimum CQI/PCI/RI cycle would be 8 ms. 
· Option 2: Joint coding of CQI/RI/PCI, i.e. transmitting all the CQI/RI/PCI bits in one TTI, Shown in Figure 2.
· The number of information bits in each TTI may be at most 14 (CQI 8bits + RI 2bits + PCI 4bits), and so that a new basis sequence of block coding should be introduced. However luckily, it already has (20,x) block coding in LTE specification, where x≤13, and we can borrow the basis sequence when the bits number is more than 10. 
· Some possible ways to reduce the information bits of CQI/RI/PCI
a)  Compress the RI/PCI bits 
b)  Compress the CQI bits  
· The minimum feedback cycle is still 2ms.
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Figure 1 Illustration of HS-DPCCH structure with TDM,  
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Figure 2 Illustration of HS-DPCCH structure with joint coding
The advantage /disadvantages of TDM and joint coding are shown in Table 1. 
Table 1 advantages and disadvantages of TDM and joint coding
	
	TDM
	Joint coding

	Advantages
	· Reuse the block coding of TS25.212, as the total bits is no more than 10.
	· The minimum cycle of CQI for 4-branch MIMO can be kept the same as 2x2MIMO.
· The timing of transmitting CQI and the procedure of repetition operation are kept unchanged, the function of both NodeB and UE of legacy release can be reused.

	Disadvantages
	· Increase the CQI feedback Cycle. When 4-branch MIMO is combined with MC-HSDPA, the cycle would be much larger. The delay of CQI/PCI will of course impact the DL throughput performance.
· The timing of CQI and PCI may be modified, the description and formula of calculation of transmitting time require modification, as the CQI/PCI is transmitted over 2 TTIs.
· The operation of repetition should also be considered whether to repeat the whole 2 TTI or repeat per half part,i.e. repeat part 1 first and then part 2. Obviously, some function of getting CQI/RI/PCI at UE require modification.
	· Introduction of block coding support more than 10 bits source. But note that LTE specification existes a block coding that support up to 13 bits, and we can borrow it without any extra effort to find a new coding.


We propose to use joint coding design of CQI, as we see it is more compatible with the legacy CQI design and can be easily extended to DC- and 4C-HSDPA with 4-branch MIMO, and it seems not a problem to introduce block coding with more than 10bits; on the other hand, the TDM design may have some disadvantages like throughput performance degradation, and specific impact. 
Proposal 1: Use joint coding design for CQI/RI/PCI for 4-branch MIMO.

2.2 CQI types for 4-branch MIMO
Rel-7 introduces type A and type B CQI for 2x2 MIMO, where type B CQI corresponding to rank-1 transmission. The purpose of feedback type B is to guarantee the NodeB can get the CSI for rank-1 transmission whenever it wants to use rank-1 transmission even if rank-2 is the best choice from the point of view of UE side. We think it is reasonable to keep type B CQI (rank-1) as before, and at least a new type CQI that support up to rank-4 transmission, and optional we may introduce CQI types that support up to rank-2 or up to rank-3 transmission.
Here are some possible options of introduction of CQI types for 4-branch MIMO:
Table 2 possible options of introduction of CQI types for 4-branch MIMO
	
	Type B
	Type A
	Type C
	Type D

	Option 1
	Rank is 1
	Rank is 1 or 2
	Rank is 1, 2, or 3
	Rank is 1, 2, 3, or 4

	Option 1a
	Rank is 1
	Rank is 1 or 2
	Rank is 1, 2, 3, or 4
	-

	Option 1b
	Rank is 1
	-
	Rank is 1, 2, 3, or 4
	-

	Option 2
	Rank is 1
	Rank is 1 or 2
	Rank is 1, 2, or 3
	Rank is 1, 3, or 4

	Option 2a
	Rank is 1
	Rank is 1 or 2
	Rank is 1, 3, or 4
	-

	Option 3
	Rank is 1
	Rank is 1 or 2
	Rank is 1 or 3
	Rank is 1 or 4


· The CQI calculation of type C and D is similar with that of type A, rank is 1 when CQI indicates “1 codeword is prefered by the UE”, otherwise the rank is larger than 1, and specified by additional RI bit(s) or by the time when it is transmitted (implicit indication).
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· UE feedbacks CQI/RI/PCI pattern as below, wherein the parameters N_cqi_typeD and N_cqi_typeC are similar to N_cqi_typeA, assigned by higher layers. For the options in Table 2 without type D, just delete the type D part in the pattern specified below.
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· When considering rank fallback situation, we think that NodeB have rank-1 or rank-2 CSI information may be enough, that’s why we list option 1a, 1b and 2a. 
· For type C and type D of option 1, 1a, 1b, 2,and 2a, explicit RI information should be transmitted. The detail design for up-to-rank-3 and up-to-rank-4 transmission is shown in section 2.3.
2.3 CQI/RI/PCI design for up-to-4-layer-transmission
For up-to-4-layer-transmission, generally we need to add another 2 bits for RI, and this would cause the total number increasing to 14. As the existed LTE block coding support up to 13 bits input, it is necessary to reduce the total bits number if we want to reuse the existing coding of LTE. As mentioned above, we can reduce the total bits number by compress RI/PCI and CQI.
How to compress RI/PCI

Generally we need 6 bits to indicate RI/PCI, but it is possible to compress RI/PCI to 5bits or less if we also take into consideration the CQI value. 
· For CQI type supporting ranks {1,3,4}

· Use one bit for RI to distinguish rank-3 and rank-4: If CQI<31, then rank=1; else if RI bit is 0, rank=3; otherwise rank=4. 

Similar rule can be applied for CQI type supporting ranks {1,2,3},

· For CQI type supporting ranks {1,2,3}

· Use one bit for RI to distinguish rank-2 and rank-3: If CQI<31, then rank=1; else if RI bit is 0, rank=2; otherwise rank=3. 

· For CQI type supporting ranks {1,2,3,4} 
· Joint code RI with PCI, where the size of PCI for rank-3 and rank-4 is reduced: If CQI value <31, rank=1; otherwise the rank is 2, 3, or 4, and the exact rank value is specified by PCI value, e.g. shown as Table 3.
Table 3 

	RI
	1
	2
	3
	4

	CQI
	0-30
	31-255

	PCI
	0-15
	0-15
	16-26
	27-31


Note: To make sure that the RI/PCI is compressed to be 5bits, only 32 values are assigned for rank 2, 3, and 4. 
How to compress CQI
If we want to further reduce the total bits number of CQI/RI/PCI, it is better to redesign CQI. One way to reduce the number of bits for CQI is to introduce a base_cqi and a differential CQI, diff_cqi. The base_cqi can be sent periodically at predefined TTI and between two base_cqi values, diff_CQI values are sent. An example of the transmission pattern is the following: 
base_cqi, diff_cqi, diff_cqi,…,diff_cqi, base_cqi, diff_cqi, diff_cqi,…,diff_cqi, base_cqi, diff_cqi, …,
The base_cqi carries the average CQI value. The diff_cqi carries the differential CQI values of the CW of rank-1 transmission (denoted as ΔCQIs), or that of CW1 and CW2 (denoted as ΔCQI1 and ΔCQI2). The differential information is referred to the base_cqi and is the difference of the CQI values. The differential CQI is calculated in the same way as the legacy type A. For example,
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The example above assumes the range of ΔCQIs is [-7, 7] and the range of ΔCQI1 and ΔCQI2 is [-3, 3]. The CQI value at each TTI is then deduced from the base_cqi and diff_cqi. The main point is to send the information using a smaller number of bits. 
Summary of bits consumption for different options
Table 4 Summary of bits consumption for different CQI/RI/PCI designs
	
	Normal 
	Compress RI/PCI 
	Compress CQI 
	Compress RI/PCI & compress CQI 

	Type B (Rank is 1)
	CQI(5bits)+PCI(4bits) 

Total 9bits
	--
	--
	--

	Type A (rank is {1, 2}) and CQI Type with at most 2 variable rank value:  {2},{3},{4},{1,3},{1,4},
	CQI(8bits)+PCI(4bits) 

Total 12bits
	--
	CQI(6bits)+PCI(4bits) 

Total 10bits
	CQI(6bits)+PCI(4bits) 

Total 10bits

	CQI Type with at most 3 variable rank value:{1,2,3} or {1,3,4}
	CQI(8bits)+RI(1bits) +PCI(4bits) 

Total 13bits
	--
	CQI(6bits)+RI(1bits) +PCI(4bits) 

Total 11bits
	CQI(6bits)+RI(1bits) +PCI(4bits) 

Total 11bits 

	CQI Type with at most 4 variable rank value: {1,2,3,4}
	CQI(8bits)+RI(2bits) +PCI(4bits) 

Total 14bits
	CQI(8bits)+RI/PCI(5bits) 

Total 13bits
	CQI(6bits)+RI(2bits) +PCI(4bits) 

Total 12bits
	CQI(6bits)+RI/PCI(5bits) 

Total 11bits


Note that it is also possible to compress CQI to 5 bits, resulting in a total of 10 bits.
Proposal 2: Adopt RI/PCI compression to reduce the total bits of CQI/RI/PCI.
Proposal 3: The necessity of further compressing CQI is FFS.
2.4 HS-DPCCH modes and switching
In [7] and [8], it was mentioned that many UEs may have only 2Rx antennas for now and in the near future, and even for 4Rx UE only up-to-2-streams might be scheduled when UE is in bad channel condition. It seems desirable to define 2 different modes for 4-branch MIMO UEs, one up-to-2-layer and the other is up-to-4-layer. If using up-to-2-layer mode, it means that UE will send only type B and type A CQI; if using up-to-4-layer mode, UE will send all possible types of CQI.
For 4 Rx UE, the mode might be switched when UE is under different channel conditions. For example, when UE moves from edge to centre, the mode needs to be switched from up-to-2-layer to up-to-4-layer. This mode switching may be also needed for the reason of scheduling requirements. Therefore, some mechanism to support mode switching may be introduced. One method is via higher layer reconfiguration, and another method is to use HS-SCCH order as mode switching command. If UE works in up-to-2-layer mode for the reason of channel condition, when the channel becomes better, it should switches to the up-to-4-layer mode. However, this change cannot be sensed/known by Node B without any signalling. A better way would be to introduce some uplink physical signalling as a trigger for switching since the UE can optimize the switching time. 
Proposal 4: Introduce at least two modes for 4-branch MIMO, one is for up-to-2-layer transmission, and another is for up-to-4-layer transmission.

Proposal 5: The method of switching different modes is FFS.
3. Conclusion
In this contribution, we discussed the introduction of 2 different modes of HS-DPCCH for 4-branch MIMO and the mechanism of switch different modes, and most is discuss the design options of HS-DPCCH. We propose that,
Proposal 1: Use joint coding design for CQI/RI/PCI for 4-branch MIMO.

Proposal 2: Adopt RI/PCI compression to reduce the total bits of CQI/RI/PCI.

Proposal 3: The necessity of further compressing CQI is FFS.
Proposal 4: Introduce at least two modes for 4-branch MIMO, one is for up-to-2-layer transmission, and another is for up-to-4-layer transmission.

Proposal 5: The method of switching different modes is FFS.
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