Page 1



3GPP TSG-RAN WG1 Meeting #69
R1-122683
Prague, Czech Republic, 21st – 25th May 2012
Agenda item:

6.3.2


Source:
Huawei, HiSilicon
Title:
HS-SCCH design for 4-branch MIMO
Document for:

Discussion

1. Introduction

The HS-SCCH design for 4-branch MIMO has only been briefly discussed so far because it depends on the pilot design, number of codewords, number of HARQ processes, and size of the pre-coding codebook. Since it has been agreed to adopt a scheme with up to 2 codewords and the LTE Rel-8 pre-coding codebook is a working assumption, it seems appropriate to proceed with the discussion of the HS-SCCH design. 
In this contribution, we present alternative design options of HS-SCCH for 4-branch MIMO.
2. Discussion
2.1 The structure of legacy HS-SCCH
HS-SCCH type 3 carries the following information,
· Part 1, information that carried in the 1st slot of TTI
· Channelization-code-set (7 bits), Modulation and TB number(3 bits), PCI (2 bits)
· Part 2, information that carried in the 2nd and 3rd slot of TTI
· For rank-1 transmission
· TBS (6 bits), HARQ process (4 bits), Redundancy and constellation version (2 bits)
· For rank-2 transmission

· TBS for primary and secondary block (6+6 bits), HARQ process (4 bits),Redundancy and constellation version for the primary and secondary transport block (2+2 bits)
· UE identity (16 bits): used for UE specific masking for HS-SCCH, and not impacting the code rate of part 1 and part 2.

The number of bits of part 1 is fixed whenever single or dual blocks are transmitted, but the number of bits of part 2 is different according to the TB number.
2.2 HS-SCCH design for 4-branch MIMO
Based on the latest agreement and work assumption, when 4-branch MIMO is introduced, the number of PCI will increased to 4 bits, RI should be added with about 2 bits, and the number of modulation combinations needs to be changed. For 2x2 MIMO the modulation order of primary block is always not lower than secondary block, however for 4-branch MIMO there may be no guarantee for this property: the modulation of each codeword is independent. 
As discussed in [1], there are generally 2 options, 
· Introduce a new HS-SCCH slot format that carriers all information related to the data transmissions

· Use multiple HS-SCCHs for describing the information related to the different codewords.
When using multiple HS-SCCHs: 
· The number of scheduled UEs would be reduced if the total HS-SCCH number in the serving cell is not going to be increased, otherwise more channelisation code and more power is required.
· There is a risk that UE may only detect one of the 2 HS-SCCHs. If PCI is distributed on both HS-SCCHs, then detection of HS-PDSCH may fail.
· Consumption of unnecessary resources by transmitting a second CCS. For 2x2 MIMO if dual blocks are transmitted, they share the CCS information since they are transmitted through the same channelization codes. Hence only one CCS needs to be transmitted, and the second CCS on the 2nd HS-SCCH is not needed.
· Even with multiple HS-SCCH, at least one of them should be modified. We should identify which channel is the 1st and which is the 2nd one, and the layer number used for each codeword or the rank information should be indicated. All this information should also be carried by HS-SCCH, which would in fact result in a modification of the current HS-SCCH, and introduce new types for HS-SCCH.

As the introduction of multiple HS-SCCHs seems to have several drawbacks, we discuss the introduction of a new HS-SCCH slot format. It seems reasonable that the HS-SCCH structure with Part 1 + Part 2 as introduced in Rel.-7 should be kept, and the coding of HS-SCCH is not changed except for the parameters of coding due to the code rate increasing. Next, we need to consider the introduction of the additional PCI and RI bits. Some possible options are shown in Table 1.
Table 1 Summary of HS-SCCH design options for 4-branch MIMO
	
	HS-SCCH Part 1
	HS-SCCH Part 2

	
	
	1 codeword transmission
	2 codewords transmission

	Option 1
	CCS (7bits), 

Modulation+ RI (5bits), 

 PCI(4bits)
	TBS(6bits)
HARQ process (4 bits)
RV(2bits)
	TBS(6bits×2)
HARQ process (4 bits)
RV(2bits×2)

	Option 2
	CCS (7bits), 

Modulation+ RI (5bits), 


	TBS(6bits)

HARQ process (4 bits)
RV(2bits)

PCI(4bits)
	TBS(6bits×2)

HARQ process (4 bits)
RV(2bits×2)

PCI(4bits)


· For Option 1 and 2, the modulation and RI are jointly coded, as the modulation information has part of rank information: we can distinguish 1 codeword and 2 codewords transmission by modulation information. It is reasonable to put RI encoded with modulation.
· For option 1, all the additional bits are put in Part 1 and therefore part 2 is unchanged. However the code rate of part 1 will be increased and this will also require more power to guarantee the decoding reliability of part 1.
· For option 2, the RI is put in part 1 and PCI is moved to part 2. It can be observed that the total bits number of part 1 will keep as 12 and then the channel coding for part 1 can be unchanged. Although the code rate of part 2 is increased, we think this is not a big problem from the point of view of channel coding.
Joint coding of Modulation and RI

For 4-branch MIMO, we can’t assume that the TB size of CW1 will always be not smaller than the TB size of CW2, and therefore 3bits is not enough. In order to reduce the total number of transmitted bits jointly encoding of the modulation and layer number information can be done using 5 bits. An example is shown in Table 2 in the Appendix. Note that for 1 CW transmission, there are 3 different modulation, and for 2 CW transmission, there are also 3 different modulation for each CW and the layer number can be 2,3 or 4, therefore we have total 3+3*3*3=30 combinations of modulation and layer number. It should also be noted that if we allowed a big CW (corresponding to 2 TB) being transmitted with rank 2, the signalling information would be increased, and additional 3 combinations would be added so that the total combination is 33, which 5 bits is not sufficient. It seems that from the view of signalling load, we had better exclude the case of 1CW with rank 2 even for retransmission. 
3. Conclusion
This contribution discusses the design option of HS-SCCH for 4-branch MIMO. More information needs to be transmitted on HS-SCCH, and the HS-SCCH type 3 as defined for 2x2 MIMO cannot be directly used. There are 2 options: multiple HS-SCCHs or introduction of a new type HS-SCCH. The introduction of a new HS-SCCH type seems to be a preferable option as discussed above. Because there are more drawbacks of using multiple HS-SCCHs. Possible options of the new type HS-SCCH are also discussed. 
Proposal 1: Use a single HS-SCCH for 4-branch DL MIMO. 

Proposal 2: At least the RI information is transmitted in the Part 1 of HS-SCCH.
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Appendix A
Below shows an example of joint coding for modulation and layer number (RI).
Table 2 Joint encoding of modulation and layer number.
	Index (binary)
	Modulation of CW1
	Modulation of CW2
	Layer number 

	11101
	64QAM
	64QAM
	4

	11100
	
	
	3

	11011
	
	
	2

	11010
	64QAM
	16QAM
	4

	11001
	
	
	3

	11000
	
	
	2

	10111
	64QAM
	QPSK
	4

	10110
	
	
	3

	10101
	
	
	2

	10100
	64QAM
	n/a
	1

	10011
	16QAM
	64QAM
	4

	10010
	
	
	3

	10001
	
	
	2

	10000
	16QAM
	16QAM
	4

	01111
	
	
	3

	01110
	
	
	2

	01101
	16QAM
	QPSK
	4

	01100
	
	
	3

	01011
	
	
	2

	01010
	16QAM
	n/a
	1

	01001
	QPSK
	64QAM
	4

	01000
	
	
	3

	00111
	
	
	2

	00110
	QPSK
	16QAM
	4

	00101
	
	
	3

	00100
	
	
	2

	00011
	QPSK
	QPSK
	4

	00010
	
	
	3

	00001
	
	
	2

	00000
	QPSK
	n/a
	1
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