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Introduction

One of the main items remaining open on LTE-Advanced SU-MIMO is definition of transmission modes and related control signalling. In RAN1 #61 meeting [1] it was decided that:  

· At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple APs: 

· Single-antenna port mode

· Multi-antenna port mode supporting up to 2 TB. 

· FFS whether or not a third RRC-configured multi-antenna transmission mode is needed

· For PUSCH, a dynamic switching between the configured transmission scheme and a single-port fallback scheme with the same DCI format for all RRC configured modes.  
In this contribution, we continue discussion on the definition of required transmission modes as well as on the required DL control signalling. In the following, we use transmission scheme to refer to a particular transmission type, e.g., spatial multiplexing or single layer spatial multiplexing, and transmission mode to refer to a combination of transmission scheme(s), PDCCH search space and DCI formats.
2 SU-MIMO Transmission Modes 
Next natural step after agreeing on two transmission modes is a more detailed definition of these modes. We see that single-antenna port (SAP) mode will be used when UE is initially connected to eNB. As eNB is not aware of UEs capabilities at that phase, it is only natural that the default PUSCH mode will be SAP mode with configuration corresponding to Rel’8 as proposed in ‎[14]. Consequently, DCI format 0 needs to be used in SAP mode. Rel’10 uplink carrier aggregation and clustered allocation can be enabled in the SAP mode by higher layer configuration or by DCI format 0 padding bit, respectively, as agreed in RAN#62 ‎[2]. 
In RAN1#61 meeting, it was agreed that dynamic switching to a single-port fallback scheme with the same DCI format for all transmission modes is supported. Clearly, the only rational option for single-port fallback DCI format is DCI format 0. Thus, DCI format 0 needs to be supported also in Multi Antenna Port mode. In our view, one should resort to the dynamic fallback scheme only when the fallback is actually needed. Most important use for the dynamic fallback occurs during the non-synchronous transmission mode configuration. Thus, the fallback scheme is infrequently needed. However, the corresponding DCI format should be readily available when it is needed. Hence we propose that DCI format 0 for dynamic fallback is contained both in UE-specific search space (USS) and in primary component carrier common search space (CSS). 

Proposal 1:  
Single antenna port fallback scheme uses DCI format 0 in all modes both in UE-specific search space and in primary component carrier common search space .   

When considering multi-antenna port (MAP) mode, it was agreed in RAN1#62 ‎[2] that MAP mode contains 2 UL DCI formats within UE specific search space. This is achieved at price of increased blind decoding burden. Clearly, dynamic switching to single antenna port fallback scheme alone is not sufficient reason for continuous increase in BD burden due to infrequent use of fallback. We see that reduction in PDCCH overhead must also be achieved with introduction of new UL DCI format in MAP mode.
Proposal 2:  
In Multi Antenna Port Mode, two DCI format sizes in UE-specific search space are used  to reduce PDCCH overhead.  
During RAN1#61 meeting, it was left for further study if a third RRC-configured multi-antenna transmission mode is needed. In multiple contributions, e.g., ‎[5]-‎[8], a transmission mode for rank 1 (or single layer spatial multiplexing) transmission scheme is considered. The benefit of such mode is reduced PDCCH overhead when rank 1 transmission is solely used. However, as a main drawback, the mode is semi-statically configured. This severely limits its flexibility and, potentially, PDCCH overhead reduction when MAP mode is configured for UEs for which rank 1 transmission is mostly scheduled and higher rank transmissions are only occasionally scheduled.
An alternative is that MAP mode supports two transmission schemes with different DCI formats, where one scheme is spatial multiplexing supporting all transmission ranks and the other transmission scheme is single layer spatial multiplexing. As the DCI format can be dynamically changed, arrangement is flexible and can be easily used to reduce PDCCH overhead. In short, UE-specific search space in the MAP mode would contain: 

· A DCI format supporting single layer spatial multiplexing transmission scheme

· DCI format 4 supporting spatial multiplexing transmission scheme.
However, there are severe problems in this kind of structure. The DCI format for precoded single layer transmission should contain rank-1 PMI which is not contained in DCI format 0. Consequently, USS cannot contain DCI format 0 for dynamic fallback, and the eNB has limited capability to schedule PUSCH transmissions for UE during the UL transmission mode configuration.

Precoding is not expected to change frequently at low velocities where MAP mode is expected to be used most commonly. At high velocities, effect of fast fading needs to be filtered out in the precoding selection due to lack of timely CSI available at eNB as discussed in ‎[9]. These considerably reduce the PMI update rate. Thus, further PDCCH overhead reduction is achieved by using both DCI format 0 w/o PMI and format 4 to support single layer spatial multiplexing transmission scheme. DCI format 4 is used to update PMI and when DCI format 0 is transmitted / received, the precoding is determined by the last rank-1 PMI received via DCI format 4. Separation between SAP fallback scheme and single layer spatial multiplexing transmission schemes is done by reusing frequency hopping (FH) flag in DCI format 0 with localized resource allocation (RA). Following observations, illustrated also in Table 1, can be done on the proposed arrangement:

· When UE is configured to MAP transmission mode,  FH flag set to 1 in DCI format 0 indicates the use of last received rank-1 PMI in precoding
· Resource allocation: In MAP mode, clustered RA allocation is not supported for SAP fallback scheme. Clustered RA is supported for MAP transmission schemes by DCI 0 and DCI 4. 
· Frequency hopping: In MAP mode, frequency hopping – if seen necessary – can be enabled by introducing FH flag to DCI format 4. Frequency hopping is not available via DCI format 0 during the uncertainty period of transmission mode configuration. However, eNB has sufficient knowledge of UL channel via sounding as UE is / had been configured to MAP mode. Thus, there is no need to resort to frequency hopping. 
· When DCI format 4 is missed in MAP mode and followed by DCI format 0, that causes only use of outdated PMI but not necessarily transport block HARQ-retransmission as DM RS is precoded. 
Proposal 3:  
There is no need for new tranmission mode supporting only single layer spatial multiplexing transmission scheme.  
Proposal 4:  
Both spatial multiplexing and single layer spatial multiplexing transmission schemes are supported in MAP mode. DCI format 0  can be used to schedule single layer spatial multiplexing transmission using latest received rank-1 PMI.  
Proposal 5:  Frequency hopping flag in DCI format 0  is reused in MAP mode to switch between single layer spatial multiplexing transmission and single antenna port fallback scheme.

Table 1. Resource allocation and transmission scheme configuration via RA and FH flags in DCI format 0.
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PMI update rate was simulated by continuously allocating the same PRBs to the same UE as well as by allocating the PRBs that provided highest predicted SINR to the UE in each subframe. Other simulation assumptions are tabulated in Table 5 in Appendix. Based on the results, PDCCH payload due to UL scheduling grants was calculated when UE is continuously scheduled with rank 1 transmission. Resulting PDCCH payloads when 

· using only a  specific DCI format for single layer spatial multiplexing and containing PMI (shown in Table 4 in Appendix)

· using DCI format 0 w/o PMI and DCI format 4 for PMI updates (shown in Table 2 and 3 and denoted with ‘DCI Format 0&4’ in figures).

were compared to the PDCCH payload with DCI format 4 alone. In Figure 1, the payload ratio with respect to DCI format 4 caused payload is shown. In the shown results, PRBs that provide highest predicted SINR were allocated to the UE in each subframe. It can be seen that considerable PDCCH payload reduction is achieved by using the combination of DCI formats 0 and 4 for rank 1 scheduling. Payload reduction is particularly considerable at low velocity. Smaller PDCCH payload is achieved with combination of DCI formats 0 and 4 than with a specific DCI format designed for single layer spatial multiplexing. Essentially similar results were obtained also when the same PRBs were continuously allocated to the same UE.
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Figure 1 PDCCH payload when DCI format 0 and format 4 are used for rank 1 scheduling compared to PDCCH payload based solely on DCI Format 4. PRBs maximising SINR are allocated for UE.
3
Clustered resource allocation with SU-MIMO 

It was agreed by RAN1#62 meeting [2] that clustered resource allocation (RA) is supported in MAP mode with 1-bit flag in DCI format 4. Regarding the precoder for different clusters, it is known that cluster-specific precoders can in principle capture frequency selective channel better. On other hand, frequency selective precoding has been previously discussed in RAN1 ‎[10] and additional gain achievable in practice was noted to be limited ‎[11]. There are of course considerable differences between frequency selective precoding over contiguous PRBs and the use of cluster specific precoders.  However, we expect that conclusion from frequency selective precoding remains unchanged and that only limited gain can be achieved if cluster specific precoding is applied. Given the additional complexity and PDCCH overhead for signalling different precoders for each cluster, we propose to use the same precoder for all clusters. 

Proposal 6:  All clusters should apply the same precoder  
4
DCI Format 4 in Multiple Antenna Port mode 

Proposed content of DCI format 4 based on Rel’8 DCI format 0 content is shown in Table 2. On the DCI format content, following points are made:
· DCI content for FDD is shown on the table and TDD specific aspects as UL index field are not included. 

· We do not see any practical need to support intra-TTI frequency hopping in MAP mode and, thus, for frequency hopping flag in DCI format 4. 
· No practical gain is shown from dynamic antenna or CW specific TPC commands and, thus, there is no need to support it. Single 2-bit field is enough for TPC.
· PMI and RI are jointly encoded into single field. 3 bits are needed for 2-Tx UE and 6 bits for 4-Tx UE for signalling agreed precoding codebooks. 
In following section, signaling for TB enabling/disabling is discussed. When only one is CW enabled, TB-to-CW mapping can be determined as in Rel’8 DL without resorting to TB-to-CW swap flag [12]. Practical benefits from TB-to-CW swap flag in UL SU-MIMO are not clear. Thus, solid justification in terms of provided benefits is needed to consider TB-to-CW swap flag for DCI format 4.
In Rel’8 DL SU-MIMO, retransmission of single TB mapped on two layers is supported when the TB was previously transmitted on two layers (i.e. retransmissions with other CW disabled for rank 3 or rank 4 first transmissions). It should be noted that rank 2 retransmissions for single TB are already supported with two ACK/NACK bits on PHICH. Further benefit from supporting adaptive retransmissions for single TB mapped on 2 layers is mainly better precoding or updated MCS. As significance of this feature is quite vague, the signaling support should not increase PDCCH payload or complicate interpretation of DCI. On other hand, it can be supported in a straightforward manner and without increasing PDCCH payload with proposed 6-bit PMI & RI field and TB disabling; simply, number of enabled TBs determines appropriate CW-to-layer mapping for rank 2 transmissions.   
Proposal 7:  
RI and PMI are jointly encoded in one field with 3 bits for 2-Tx UE and 6 bits for 4-Tx UE
Table 2 Content of DCI format 4 in Multi-Antenna Port Mode for FDD. 
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5
Transport block disabling 

In DL, the disabling of a TB is signaled with a particular combination of MCS and RV fields (MCS = 0 and RV =1). This is not attractive solution for UL SU-MIMO as MCS and RV are jointly encoded in DCI Format 0 and there is no need to re-open this design.  In ‎[7], it is proposed that N_RB =1 and MCS/RV = 29 for CW1 indicates that only one TB is enabled and TB-to-CW swap flag indicates the TB that is enabled. In ‎[13], it is proposed that PMI/RI indicates also when only one TB is enabled and NDI for CW1 indicates either new data for CW1 or enabled TB and MCS for CW1 indicates either MCS or PMI conditionally on the number of enabled TBs. 

A straightforward alternative for TB disabling is to use NDI toggling together with MCS/RV index of 29 (alternatively, 30 or 31). Whenever UE receives such configuration, disabling of a TB is only logical behavior for the UE; new TB is indicated with toggled NDI but with MCS/RV index of 29, TB size cannot be determined. Error case of missed UL grant needs to be considered when TB disabling is based on NDI. The error occurs when UE misses UL grant for first transmission of TB, i.e., NDI is toggled, and eNB wants to disable TB in the following grant, i.e., NDI is toggled again. As NDI is toggled twice, it is equal to NDI of previously transmitted TB and UE will interpret UL grant as retransmission for that TB. Error case is avoided with a minor restriction on disabling: when decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first scheduled transmission for that TB. The condition that neither of TBs is correctly received is used to indicate potential miss of UL grant. Additionally, there is potential NDI ambiguity only with first transmission.            
Proposal 8:  
CW disabling is signaled with toggled NDI and MCS/RV = 29. Restriction on disabling: if decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first time when eNB scheduled transmission for that TB. 
7
Summary 

In this contribution we considered UL SU-MIMO transmission modes as well as content of related DCI formats required for multiple-antenna port mode. Based on discussions and results, we propose following:
Transmission modes

Proposal 1:  
Single antenna port fallback scheme uses DCI format 0 in all modes both in UE-specific search space and in primary component carrier common search space .   

Proposal 2:  
In Multi Antenna Port Mode, two DCI format sizes in UE-specific search space are used  to reduce PDCCH overhead. 
Proposal 3:  
There is no need for new tranmission mode supporting only single layer spatial multiplexing transmission scheme.   

Proposal 3:  
In Multi Antenna Port Mode, two DCI format sizes are supported in UE-specific search space to reduce PDCCH overhead.      
Proposal 4:  
Both spatial multiplexing and single layer spatial multiplexing transmission schemes are supported in MAP mode. DCI format 0 can be used to schedule single layer spatial multiplexing transmission using latest received rank-1 PMI.  
Proposal 5:  Frequency hopping flag in DCI format 0  is reused in MAP mode to switch between single layer spatial multiplexing transmission and single antenna port fallback scheme.
Proposal 6:  All clusters should apply the same precoder  
DCI Format

Proposal 7:  
RI and PMI are jointly encoded in one field with 3 bits for 2-Tx UE and 6 bits for 4-Tx UE
Proposal 8:  
CW disabling is signaled with toggled NDI and MCS/RV = 29. Restriction on disabling: if decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first scheduled transmission for that TB.   
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Appendix 

Table 3 DCI format 0 configuration used in simulations
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DCI Format 0

 RA format flag cont. / clustered RA 1 padding bit

Carrier indicator 0 or 3 bits 0

DCI format flag format 0 / format 1A 1

FH flag 1

 PRB assignment 10 MHz BW  11

 MCS + RV  5

 NDI  1

 TPC 2

 DM RS 3

 CQI request 1

 SRS trigger 1

 CRC 16


Table 4 DCI format for single layer spatial multiplexing with PMI used in simulations
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DCI Format w/ PMI

 RA format flag cont. / clustered RA 1 padding bit

Carrier indicator 0 or 3 bits 0

FH flag 1

 PRB assignment 10 MHz BW  11

 MCS + RV  5

 NDI  1

 PMI 2 or 4 Tx antennas 3 or 5

 TPC 2

 DM RS 3

 CQI request 1

 SRS trigger 1

 CRC 16


Table 5 Simulation assumptions
[image: image6.emf]Description Settings

Carrier center frequency 2.0 GHz

System bandwidth 10 MHz

Effective bandwidth 9 MHz (50 PRB)

PRB allocation 4 PRB

Traffic model  Full buffer

Velocity 3 km/h

Channel Urban Macro NLoS channel 

Tx-Rx antenna configuration 2x2, 2x4, 4x4 

Receiver MMSE 

Channel estimation real

CSI at precoder selection ideal


