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1
Introduction
At the R1#60 meeting, it was agreed not to use layer shifting in UL MIMO.  Details of the UL MIMO HARQ scheme were not finalized.  In this contribution, we discuss those details.   

2
Discussion
2.1
HARQ Control Schemes
In order to control HARQ retransmissions, the eNB can use two mechanisms:  HARQ control by PHICH and HARQ control by PDCCH.  The two mechanisms can be used in the combinations shown in Table 1.  

	Case
	Number of A/N in PHICH
	Number of NDI in PDCCH
	Support of retransmissions with no blanking (1)
	Support of blanking with no PDCCH (2)

	1
	1
	1
	No
	No

	2
	1
	2
	Yes
	No

	3
	2
	1
	No
	Yes

	4
	2
	2
	Yes
	Yes

	(1) Retransmission with no blanking means that in the same subframe, the 1st transmission of a new codeword and retransmission of another codeword can occur

(2) Retransmission of only one codeword without explicit UL grant can occur


Table 1  HARQ Control Cases
In order to avoid blanking losses, either Case #2 or Case #4 should be supported.  

Further comparison of Case #2 and Case #4 is given below in Table 2.
	Case
	Number of A/N in PHICH
	Number of NDI in PDCCH
	Advantage
	Disadvantage

	2
	1
	2
	No modification to Rel-8 PHICH channel needed
	Increased PDCCH overhead when only one codeword needs to be retransmitted

	4
	2
	2
	Allows non-adaptive retransmission of a single TB with no PDCCH
	Needs addition of second PHICH signalling


Table 2  Comparison of Case #2 and #4

Note that the second PHICH can be added similar to how UL MU-MIMO has been handled in Rel-8, i.e. different resources indicated by the DM-RS cyclic shift offset included in the UL grant. If the Rel-10 MIMO UL grant includes a single DM-RS shift and the other cyclic shifts are predefined then the eNB flexibility to avoid both DM-RS and PHICH collisions may be limited. This aspect requires further study.   
As it can be seen, a disadvantage of Case #2 (1 PHICH + 2 NDIs) is the increased PDCCH overhead.  The probability of having to send a PDCCH message when only one of the codewords gets decoded is shown in Figures 1 and 2 below [2].
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Figure 1   Probability of CW2 terminating when CW1 terminates, TU 3kph

[image: image2]
Figure 2   Probability of CW2 terminating when CW1 terminates, TU 30kph
The blue curves in Figures 1 and 2 show the conditional probability of the 2nd TB terminating when the 1st TB does. As it can be seen, with up to 6% ... 9% probability, an extra PDCCH message will have to be sent in Case #2. 

In order to reduce the control overhead, using smaller PDCCH message size should be considered when only one TB needs to be retransmitted. 
2.1
Support of Compact PDCCH format
The UL grant structure for PDCCH supporting MIMO has not been decided. Much of the Rel-8 DL MIMO formats can be reused with some adaptation to UL synchronous HARQ.  One possible change relative to Rel-8 DL that is worth considering is HARQ retransmission with the available short PDCCH format. The UE will decode both DCI format 0 and the new MIMO UL grant DCI format. It is proposed that in the case a MIMO UL grant is followed by a DCI format 0 UL grant with the NDI bit not toggled then the grant is interpreted as a retransmission of one of the TBs. 

Proposal:  When one TB terminates while the other TB needs to be retransmitted, allow the use of DCI format 0 for the retransmission. Signalling of the indication of which TB is to be retransmitted and the precoding information is for further study.  
The proposed HARQ control cases for 1 PHICH and 2 NDI’s are shown in Table 3 below. 

	PHICH value
	Simultaneous PDCCH grant
	Interpretation

	ACK
	None
	Suspend

	ACK
	Format 0, NDI toggled
	New transmission with UL TxDiv or SIMO

	ACK
	MIMO format, NDI_1, NDI_2 toggled
	New MIMO transmission

	NACK
	None
	Non-adaptive retransmission of both TBs

	NACK
	Format 0, NDI not toggled
	Adaptive retransmission of one of the TBs, scheme for TB and PMI indication needed 

	NACK
	MIMO format, either NDI_1 or NDI_2 or both not toggled
	Adaptive fully scheduled retransmission


Table 3  HARQ control with Case #2
Note that the proposal is applicable to Case #4 (2 PHICH, 2 NDIs) as well but in that case the expected gain will be smaller. 
3
Conclusion

In this document we discussed DL ACK mechanisms in support of UL MIMO operation.  The options of  1 A/N + 2 NDI   and  2 A/N + 2 NDI  were compared. 
It is proposed that the use of DCI format 0 is allowed for scheduling retransmissions when one TB terminates while the other TB needs to be retransmitted. Signalling of the indication of which TB is to be retransmitted and the precoding information is to be decided.  
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