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1. Introduction

It was agreed in the last meeting that change the agreement from RAN1#68bis and adopt the following codeword to layer mapping:

	Rank
	Layer

	1
	CW 1 ( Layer 1 

	2
	CW 1 ( Layer 1 

CW 2 ( Layer 2

	3
	CW 1 ( Layer 1

CW 2 ( Layer 2 and 3

	4
	CW 1 ( Layer 1 and 4
CW 2 ( Layer 2 and 3


In case of retransmission, the rules below should be followed.
· Number of layers (and TBs) per CW shall be maintained

· Order of codewords shall be maintained

· Special mappings for re-transmissions are not considered further

By further analysis, we find that the rules above are not complete. In some cases of retransmission without new data for transmission, the layer number decided by NodeB may be larger than the number of actual TBs to be retransmitted. In such cases, NodeB behaviour is undefined. This contribution discusses those cases. 
2. Discussion
Table 1 shows all the different re-transmission cases according to the re-transmission rules agreed at last meeting. It may happen that the number of layers decided by NodeB is larger than the number of TBs to be retransmitted in case of no new data for transmission, and they are highlighted with shadow. In such cases, NodeB behaviour is undefined. 
Table 1 Re-transmission cases
	Case index
	Last layer number
	Ack/Nack Indication
	Number of 

TBs to be re-transmitted
	Current layer number 

	
	
	CW1
	CW2
	
	

	1
	1
	Ack
	-
	-
	-

	2
	1
	Nack
	-
	1
	1

	3
	2
	Ack
	Ack
	-
	-

	4
	2
	Ack
	Nack
	1
	2

	5
	2
	Nack
	Ack
	1
	1

	6
	2
	Nack
	Nack
	2
	2

	7
	3
	Ack
	Ack
	-
	-

	8
	3
	Ack
	Nack
	2
	3 or 4

	9
	3
	Nack
	Ack
	1
	1

	10
	3
	Nack
	Nack
	3
	3

	11
	4
	Ack
	Ack
	-
	-

	12
	4
	Ack
	Nack
	2
	3 or 4

	13
	4
	Nack
	Ack
	2
	4

	14
	4
	Nack
	Nack
	4
	4


· Case 4: when CW2 was NACKed, according to “Order of codewords shall be maintained” (Rule 2), the corresponding HARQ process should still be CW2, and based on “Number of layers (and TBs) per CW shall be maintained” (Rule 1), the rank should only be 2, as only rank 2 can map CW2 to one layer. How to handle CW1 if there is no new data for transmission?

· Case 8, 12: when CW2 was NACKed, according to Rule 2, the corresponding HARQ process should still be CW2, and based on Rule 1, the rank should only be 3 or 4, as only rank 3 or 4 can map CW2 to 2 layers. How to handle CW1 if there is no new data for transmission?

· Case 13: when CW1 was NACKed, according to Rule 2, the corresponding HARQ process should still be CW1, and based on Rule 1, the rank should only be 4, as only rank 4 can map CW1 to 2 layers. How to handle CW2 if there is no new data for transmission?
2.1 Possible solutions 
There may be two possible solutions to define NodeB behaviour in the cases mentioned above. 
· Option 1:
In case the number of layers decided by NodeB is larger than the number of TBs to be retransmitted, the ACKed CW is retransmitted (as if NACKed.)
· NodeB retransmits the ACKed CW. UE discards the CW and generates an ACK for this HARQ process. 
· It is a simple way to handle these cases; however it is a waste of power and code resources. Furthermore additional interference will be introduced due to the transmission of unnecessary CW, and this can have an impact on demodulation performance. 
· Option 2: In case the number of layers decided by NodeB is larger than the number of TBs to be retransmitted, a virtual transport block (VTB, i.e. DTX) is transmitted other than the TB to be retransmitted.
· With the VTB, NodeB does not transmit anything (DTX), and UE simply discards that VTB and generates an ACK (or any HARQ-ACK message) for that HARQ process.. 
· NodeB uses the same layer number as last transmission.

· NodeB is responsible to inform the UE about the VTB, hence a virtual transmission indicator (VTI indicates the current transmission contain a VTB) should be introduced and may be carried on HS-SCCH. 
· There is no power wasting and no additional interference.

Example of option 2

One possible way to handle the cases mentioned above is to transmit a virtual transport blocks (VTB) or a virtual codewords (VCW), i.e. DTX. Figure 1 shows the solution for case 4. Figures to illustrate the other cases are given in the Appendix. The illustrations are based on the following assumptions: there are up to 4 TBs for transmission, denoted as TB1, TB2, TB3, and TB4; TB1 and TB2 are always mapped to different CWs, TB1 and TB3 will be mapped to one CW for rank-3 and rank-4, TB2, and TB4 will be mapped to one CW for rank-4.

[image: image1.emf]TB

1

TB

3

TB

2

TB

4

Layer

1

Layer

2

Layer

3

Layer

4

Last Tx., rank=2, 

CW2 was NACKed

Current Tx.

，

rank=2, 

CW1is DTX

CW1

CW2

TB

1

TB

3

TB

2

TB

4

Layer

1

Layer

2

Layer

3

Layer

4

CW2

CW1=DTX


Figure 1 Illustration of transmitting VTB when rank=2 and only CW2 need retransmitted
How to inform UE for virtual TB transmission:
NodeB is responsible to inform the UE about the VTB since the UE has to know if the current transmission is a VTB or not for demodulation. The virtual transmission indicator (VTI) can be carried in HS-SCCH Part I in the Modulation field.

· Modulation indication used as VTI

· Modulation indication can be set to a different value from the 30 combinations used for normal transmission, such as 30 or 31 assuming that 0-29 are used for modulation indication.
· The same modulation method is used for the retransmitted CW as last transmission, and the same layer number should be used for current transmission.
When the UE receives the VTI, it can easily distinguish the virtual transmission by checking the buffer of corresponding HARQ process. If corresponding buffer has been ACKed, then the transmission is virtual.
3. Conclusion
This contribution addresses the remaining issues related to the re-transmission rules as agreed at the last meeting, and presents a solution that specifies the behaviour in the undefined cases. 
Proposal: In case the number of layers decided by NodeB is larger than the number of TBs to be retransmitted,  virtual transport block(s) (VTB, i.e. DTX) is transmitted in addition to the retransmitted TBs, and a virtual transmission indicator is sent in HS-SCCH to inform UE.
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Appendix
The following illustrations show the solution for the cases with the problem that layer number decided is greater than the number of TBs need retransmission. 
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Figure 2 Illustration of transmitting VTB when rank=3 and only CW2 need retransmission
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Figure 5 Illustration of transmitting VTB when rank=4 and only CW2 need retransmission
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Figure 6 Illustration of transmitting VTB when rank=4 and only CW1 need retransmission
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