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1
Introduction

In RAN1#62bis meeting [1], UL transmission modes related to SU-MIMO UEs were discussed. It was agreed that PUSCH transmission mode, PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC, where configurations are UE specific, carrier specific for PUSCH and SRS, and independent from DL PDSCH transmission mode configuration. On PUSCH transmission modes, it was agreed that:

· PUSCH Mode 1 is the single antenna port mode
· Two difference configurations exist in this mode

· One configuration is Rel-8 PUSCH transmission scheme
· The other configuration supports both contiguous and non-contiguous RA (dynamically configured by PDCCH), Rel-10 OCC/CS mapping table and dynamic aperiodic SRS triggering if configured. Additional configuration of individual features is FFS.

· PUSCH Mode 2 is the multiple antenna port mode
· Two different configurations exist in this mode, one for 2 PUSCH antenna ports and the other for 4 PUSCH antenna ports. The details of configuration, i.e,  UE-specific or cell-specific, remained FFS.  
· If fallback DCI format 0 is received by the UE, a single antenna port transmission is used.
In this contribution, we continue discussion on the details of required control signalling, while the content of DCI format 4 is considered in detail in ‎[4]. In the following, we use transmission scheme to refer to a particular transmission type, e.g., spatial multiplexing, single layer multiple antenna port (MAP) transmission, or single antenna port transmission, and transmission mode to refer to a combination of transmission scheme(s), PDCCH search space and DCI formats.
2 Details on SU-MIMO Transmission Modes 

Next natural step after agreeing on transmission modes is a more detailed definition of these modes. When considering PUSCH Mode 2, or multi-antenna port mode, it was agreed in RAN1#62 ‎[2] that the 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 transmission scheme alone is not sufficient reason for continuous increase in BD burden due to infrequent use of fallback. We see that a reduction in average PDCCH payload must also be achieved with 2 UL DCI formats in PUSCH Mode 2. In the following, we discuss how the average PDCCH payload can be reduced by avoiding transmission of control information that is included to DCI format 4 but is not needed for single layer MAP transmission. 
Observation:  In PUSCH Mode 2, twoUL DCI format sizes in UE-specific search space can be used to reduce average PDCCH payload.  
During RAN1#62bis meeting, no consensus was reached on the support of PUSCH MAP mode dedicated for rank 1. The main drawback of such mode is that it is semi-statically configured. This severely limits its flexibility and, potentially, PDCCH payload reduction when PUSCH Mode 2 is configured for UEs for which rank 1 transmission is mostly scheduled and higher rank transmissions are only occasionally scheduled.
An attractive alternative is that PUSCH Mode 2 supports two multiple antenna port transmission schemes with different DCI formats. One MAP transmission scheme is spatial multiplexing supporting all transmission ranks and the other MAP transmission scheme is single layer multiple antenna port transmission. As the DCI format can be dynamically changed, arrangement is flexible and can be easily used to reduce PDCCH payload in average. In short, UE-specific search space in the PUSCH Mode 2 would contain: 

· DCI format 0 supporting both single layer multiple antenna port transmission scheme and single antenna port transmission scheme 

· DCI format 4 supporting spatial multiplexing and single layer multiple antenna port transmission schemes.

The main problem to be solved for this kind of structure is the support for precoded single layer transmission without any PMI contained in DCI format 0. Precoding is not expected to change frequently at low velocities where PUSCH Mode 2 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 ‎[3]. These considerably reduce the PMI update rate. Thus, further PDCCH payload reduction is achieved by using both DCI format 0 w/o PMI and format 4 to support single layer MAP transmission scheme. DCI format 4 is used to update PMI and when DCI format 0 is transmitted / received, precoding is determined by the last rank-1 PMI received via DCI format 4. 

Separation between SAP transmission scheme and single layer MAP transmission scheme 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 PUSCH Mode 2:

· Transmission scheme: SAP transmission scheme is indicated by localized RA and FH flag set to 1 in DCI format 0. Otherwise DCI format 0 indicates single layer MAP transmission scheme with the use of last received rank-1 PMI in precoding.
· Resource allocation: Only localized RA is supported for SAP transmission scheme. Both clustered and localized RA are supported for MAP transmission schemes by DCI 0 and DCI 4. 
· When DCI format 4 is missed by UE and is followed by DCI format 0, that causes only use of outdated PMI. It does not necessarily cause HARQ-retransmission as DM RS is precoded. 
· Frequency hopping – if seen necessary in PUSCH Mode 2 – can be enabled by introducing FH flag to DCI format 4. Frequency hopping is not available for PUSCH Mode 1 (via DCI format 0) during the uncertainty period of transmission mode configuration, as UE may still be configured to PUSCH Mode 2. However, eNB has sufficient knowledge of UL channel via sounding as UE is / had been configured to PUSCH Mode 2. Thus, we do not see need to resort to frequency hopping in these cases. 
Proposal 1:  
Both spatial multiplexing and single layer multiple antenna port transmission schemes are supported in PUSCH Mode 2. DCI format 0 can be used to schedule single layer MAP transmission using latest received rank-1 PMI.  
Proposal 2:  Frequency hopping flag with localized RA in DCI format 0 is reused in PUSCH Mode 2 to switch between single layer multiple antenna port transmission scheme and single antenna port  transmission 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. The related DCI contents are shown in Table 2 and Table 3 and other simulation assumptions in Table 4 in Appendix. Based on the results, average PDCCH payload due to UL scheduling grants was calculated when UE is continuously scheduled with rank 1 transmission. Resulting PDCCH payload when using DCI format 0 w/o PMI and DCI format 4 for PMI updates was compared to the PDCCH payload with DCI format 4 alone. In Figure 1, the payload ratio with respect to DCI format 4 payload is shown. 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. In the shown results, PRBs that provide highest predicted SINR were allocated to the UE in each subframe, but 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 0 and DCI 4 are used for rank-1 scheduling compared to PDCCH payload based solely on DCI format 4.
3
Summary 

In this contribution, we considered the details of DL control signalling related to UL SU-MIMO transmissions and in particular, use of DCI format 0 in PUSCH mode 2. Based on discussions and results, we propose following:
Observation:  In PUSCH Mode 2, twoUL DCI format sizes in UE-specific search space can be used to reduce average PDCCH  payload.  
Proposal 1:  
Both spatial multiplexing and single layer multiple antenna port transmission schemes are supported in PUSCH Mode 2. DCI format 0 can be used to schedule single layer MAP transmission using latest received rank-1 PMI.  
Proposal 2:  Frequency hopping flag with localized RA in DCI format 0 is reused in PUSCH Mode 2 to switch between single layer multiple antenna port transmission scheme and single antenna port  transmission scheme. 
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Appendix 

Table 2 DCI format 4 used in simulations. 
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CIF higher layer configured 0
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Table 3 DCI format 0 used in simulations
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DCI Format 0

 RA format flag cont. / clustered RA 1 padding bit

 CIF 0

 DCI format flag format 0 / format 1A 1

 FH flag 1

 RB assignment 10 MHz BW  11

 MCS + RV  5

 NDI  1

 TPC 2

 DM RS 3

 UL index  TDD only 0

DAI TDD only 0

 CQI request 1

 SRS request 1

 CRC 16


Table 4 Simulation assumptions
[image: image5.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


