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1. Discussion and proposal
In case of downlink semi-persistent scheduling (SPS), PDCCH is provided only at the initial activation and at each reactivation. Also, there is ongoing discussion in RAN2 whether PDCCH may be sent during HARQ retransmission. Therefore, normal MIMO procedures cannot be used as is because they rely on regular TPMI updates provided by a PDCCH. For this reason modification of MIMO procedures is required when in SPS mode. 
Currently RRC signaling is used to configure the UE to be in one of seven possible downlink modes. There is no distinction made between dynamic and SPS transmission modes. Thus, if the UE is set to one of the downlink modes for dynamic scheduling prior to being placed in a concurrent SPS mode, the same downlink mode would be used for SPS.

Panasonic addressed this matter in a proposal in [1] submitted for the last meeting.  Basically they proposed to use transmit diversity mode for SPS subframes when the UE is in one of these MIMO transmission modes for dynamic subframes:

· Open-loop spatial multiplexing

· Closed-loop spatial multiplexing

· Multi-user MIMO

· Closed-loop Rank=1 precoding

However, we also see a need for the UE to be capable of supporting open-loop MIMO in SPS mode. This would allow higher throughput than transmit diversity alone can provide in cases of favorable geometry. As an example Figure 1 below shows the increased throughput afforded using open-loop MIMO with 2 codewords at 15 dB SINR.  In the scenario illustrated, rank adaptation is not used and the receiver type is MMSE with realistic channel estimation.  Note that the largest achievable throughput for 2-codword open-loop spatial multiplexing is about 12% larger than for SFBC.  Furthermore, the selection of the best sum transport block size is less critical for open-loop spatial multiplexing in the sense that the maximum throughput is less sensitive to its selection.  This is important for SPS since the TBS is fixed. The throughput gains of open-loop spatial multiplexing over SFBC would of course be even higher if an MMSE-SIC receiver were used. 
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Figure 1. Throughput of open-loop MIMO vs. Tx diversity
We propose to allow the UE to be configured by RRC signaling for SPS subframes to revert to either transmit diversity or open-loop MIMO mode for these three cases:
· Open-loop spatial multiplexing

· Closed-loop spatial multiplexing

· Multi-user MIMO

Allowing either transmit diversity or open-loop MIMO to be used provides the network the flexibility to take advantage of various channel conditions.  
Open-loop spatial multiplexing can be configured in several ways. We propose two options here: 
1) Without rank adaptation:
The following are required in order to utilize open-loop MIMO without rank adaptation: 
· DCI PDCCH format 1/1A is used to initially activate SPS reception 

· The number of layers is fixed at 2

· The same MCS is used for both codewords

· Signaling of RI is not required 
· May be used to allow the network to change downlink transmission mode
2) With rank adaptation:
The following are required in order to utilize open-loop MIMO with rank adaptation: 
· DCI PDCCH format 2A is used to initially activate SPS reception or reactivate it after a silent period

· The number of layers is signaled and used until the next PDCCH received containing a different value  
· Can be sent for retransmissions
· RI may be sent by the UE to the eNodeB either by 

· an aperiodic report in each uplink transmission

· or a periodic PUCCH report

The fallback mode for SPS subframes is used only when the UE is configured in certain modes.  Otherwise the SPS subframe mode is unchanged
We propose the following mode of operation for SPS subframes.

In the semi-persistent transmission subframe

· Single-antenna port; port 0: 

· No change

· Transmit diversity:

· No change

· Open-loop spatial multiplexing

· Semi-persistent subframe is Transmit diversity or Open-loop spatial multiplexing
· Closed-loop spatial multiplexing

· Semi-persistent subframe is Transmit diversity or Open-loop spatial multiplexing
· Multi-user MIMO

· Semi-persistent subframe is Transmit diversity or Open-loop spatial multiplexing
· Closed-loop Rank=1 precoding

· Persistent subframe is Transmit diversity 
· Single-antenna port; port 5: 

· No change
2. Conclusion

Normal MIMO procedures cannot be used as is because they rely on regular TPMI updates provided by a PDCCH. For this reason modification of MIMO procedures is required when SPS is used. We proposed that the UE be configured by RRC signaling for SPS subframes to revert to either transmit diversity or open-loop MIMO mode for these three cases, either with or without rank adaptation:

· Open-loop spatial multiplexing

· Closed-loop spatial multiplexing

· Multi-user MIMO
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