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1
Introduction

The following has been agreed [1] in RAN1#63 regarding the LTE-A UL transmission modes. 

· Two PUSCH transmission modes 

· PUSCH Mode 1 is the single antenna port mode
· Two different 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)

· The additional possibility of (de-)configuring the Rel-10 OCC/CS mapping table is FFS

· PUSCH Mode 2 is the multiple antenna port mode

· Two different configurations exist in this mode (if reference DCI format 4 is used):
· Antenna ports  {0,1} are configured for PUSCH      (i.e. PUSCH is using 2TX codebook)
· Antenna ports  {0,1,2,3} are configured for PUSCH (i.e. PUSCH is using 4TX codebook)
· FFS  the details of configuration, i.e,  UE-specific or cell-specific, etc  
· If fallback DCI format 0 is received by the UE

· A single antenna port is used
There are some details regarding the configuration of the various LTE-A features mentioned above that needs to be decided.  In this contribution, we discuss these details.   
2
Discussion

It is clear that when the UE accesses a cell, it should use a REl-8 compatible UL transmission mode and configuration. This can be achieved without further specification if the default UL transmission mode is PUSCH Mode 1 and the default configuration is the Rel-8 compatible configuration. 
For notational convenience, the following definitions are introduced:

· UL transmission scheme 1: the Rel-8 compatible UL configuration. The definition of UL transmission scheme 1 may not be necessary to add in the specification, since the lack of any Rel-10 type configuration already puts the UE in transmission scheme 1.  

· UL transmission scheme 2: the non-Rel-8 compatible UL configuration in PUSCH Mode 1.  Note that this refers to collectively many different possible configuration combinations. 

· UL transmission scheme 3: the operation in PUSCH Mode 2. 

Note that the definition of UL transmission schemes 1, 2, 3 may not be necessary to add in the specification, we just use it for notational convenience in this contribution.  
Note also that the use of term transmission scheme is note entirely consistent with the DL usage but we wanted to be consistent with the PUSCH transmission mode terminology quoted in Section 1. 
In the following, we discuss the attributes of these transmission schemes. 
2.1
Rel-8 configuration (transmission scheme 1)

The UE uses transmission scheme 1 if any of the following is true: 

· UE has not received an UL transmission mode configuration

· UE has received UL transmission mode 1 configuration and all the following are true

· The UE is configured to use only SRS port 10

· The UE is not configured to use aperiodic SRS

· The UE is not configured to use SORTD for any of the PUCCH formats

· The UE is not configured to use simultaneous PUCCH and PUSCH transmission on the same component carrier

In transmission scheme 1, the following is true: 

· The UE monitors only DCI format 0 for UL grants. 

· The UE may be configured to use either open loop or closed loop antenna switching as per Rel-8 [2]. 

· The PUSCH and SRS transmission ports are identical

· The UE may use a different antenna port for PUCCH and PUSCH

· The UE may use precoding vector switching for the PUCCH [3]. 

2.2
Rel-10 configuration (transmission scheme 2)

The UE uses transmission scheme 2 if the following is true: 

· UE has received UL transmission mode 1 configuration and either of the following is true

· The UE is configured to use an SRS transmission port other than port 10

· The UE is configured to use aperiodic SRS

· The UE is configured to use SORTD for any of the PUCCH formats

· The UE is configured to use simultaneous PUCCH and PUSCH transmission on the same component carrier

In transmission scheme 2, the following is true: 

· The UE monitors DCI format 0 and (0A, 0B,… see discussion under section 3)  for UL grants

· The UE uses transmission port 0 for the PUSCH

· The UE may not be configured to use either open loop or closed loop Rel-8 antenna switching [2]
· The UE may use a different antenna port for PUCCH and PUSCH even if only transmission ports 0 and 20 are configured 
· The UE may use precoding vector switching for the PUCCH [3] 

2.3
Multi-antenna configuration (transmission scheme 3)

The UE uses transmission scheme 3 if the following is true: 

· UE has received UL transmission mode 2 configuration

In transmission scheme 3, the following is true: 

· The UE monitors both DCI format 0 and 4 for UL grants

· The UE may not be configured to use either open loop or closed loop Rel-8 antenna switching [2]

· The UE may use a different antenna port for PUCCH and PUSCH, e.g. transmission port 0 and transmission ports 20 and 21 have no relationship 

· The UE may use precoding vector switching for the PUCCH [3]

3
Fallback scheme

Whenever there is configuration change relevant to the transmission modes, there is a possibility that during a transitional period, the configuration assumption in the eNB and UE falls out of sync. 

The issue may seem a little less severe in the case of the UL compared to the DL because in the period of UL configuration uncertainty, the eNB is still able to send/repeat RRC reconfiguration messages, which the UE should be able to decode. 
However, there are two possible reasons why the above may not hold in practice: 

· 1)  The receipt of an UL reconfiguration may not be acknowledged by the UE if the reconfiguration causes incompatible UE and eNB assumptions for the UL operation. 

· The above issue may be solved if there is a requirement that the UE delays the UL reconfiguration until the acknowledgement is received by the eNB; however, the UE may not know when the acknowledgement is actually received by the eNB due to HARQ and the interpretation of PHICH ACK as ‘suspend’. 

· 2)  Some UL configuration may change the size of DCI format 0 (or format 0A, 0B, etc.) which is size matched to the DL format 1A, which causes loss of the DL control as well. 

A fallback DCI format (DCI 0) could be used for transitions between transmission schemes 1 and 2, assuming that we mandate that the UE in transmission scheme 2 monitors both DCI 0 and DCI 0A/B. 
Another fallback DCI format (DCI 0A/B) can be used between transmission schemes 2 and 3. 
However, in general, there is no available fallback DCI format for transitions between transmission schemes 1 and 3.  

This issue could be solved by successive 1(2 and 2(3 transitions instead of a 1(3 transition, assuming that in transmission scheme 2, we mandate that the UE monitors both DCI 0 and DCI 0A/0B in the UE-specific search space. We believe though that this additional requirement is not warranted.   
As it was discussed previously, both issues 1) and 2) above can be solved by eNB implementation as follows: 
· The eNB relies on sending control messages in the common search space only during reconfiguration

· The eNB sends PDCCH with both formats during the ambiguity period

· Unlike in the case of the DL, the eNB may not be able to send the alternate PDCCH formats in different subframes because of the synchronous nature of the UL HARQ. But the eNB can still send the alternate formats in the same subframe. Clearly there is a negative impact on available PDCCH load but the impact should be limited because the reconfigurations shouldn’t occur too frequently. 

· In addition, he eNB can choose not to change UL and DL configuration at the same time. During the UL reconfiguration period, where the DCI format 1A size can change in the UE-specific search space, the eNB uses the ‘other’ DCI format (1, 2, 2A, etc.) for DL grant.  By ‘other’, we mean the format not normally used for DL fallback operation. 
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Miscellaneous configuration issues

As it was noted in [1], it should be agreed whether the various Rel-10 features, such as
· Non-contiguous transmission

· Aperiodic SRS

· DM-RS OCC

each should be individually configurable.  
In particular, it should be decided whether disabling DM-RS OCC should be allowed in transmission scheme 2 or 3. 

Since the features above are largely independent and the UE anyhow needs to implement each option, in our opinion, individual configuration is acceptable.  

On the other hand, it is not clear what benefit of disabling DM-RS OCC in transmission scheme 2 or 3 could provide; therefore we don’t feel that this flexibility is needed.   

4.1
SRS configuration

The agreements in [1] regarding SRS configuration were the following:  
· SRS configuration:
· The number of SRS transmission ports is configured as 
· 0,1,2 or 4 if in PUSCH mode 1
· 0,1,2 
if in PUSCH mode 2 with two antenna ports configured (this means a 4Tx capable UE can behave as a 2Tx capable UE)
· 0,1,4 
if in PUSCH mode 2 with four antenna ports configured 
· The number of transmission ports for aperiodic and periodic SRS resource are configurable independent of each other  (if multiple antenna SRS is supported for periodic SRS)

Given the above, it seems insufficient to have only up to four transmission ports for SRS. 

For example, in PUSCH mode 1, transmission scheme 2, for a 4Tx UE, the following SRS transmission ports should be defined: 

· SRS from PUSCH mode 2 transmission port 0 (e.g. antenna port 0)
· SRS from PUSCH mode 2 transmission port 1 (e.g. antenna port 1)
· SRS from PUSCH mode 2 transmission port 2 (e.g. antenna port 2)
· SRS from PUSCH mode 2 transmission port 3 (e.g. antenna port 3)
· SRS from PUSCH mode 1 transmission port 0 (e.g. antenna port 0+1+2+3)

In general, the following SRS transmission ports should be defined

· SRS transmission port 10:   same antenna or antenna virtualization as PUSCH Mode 1 single antenna transmission scheme 1 or 2 using PUSCH transmission port 0

· SRS transmission port 11:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 2Tx antenna transmission scheme using PUSCH transmission port 0

· SRS transmission port 12:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 2Tx antenna transmission scheme using PUSCH transmission port 1

· SRS transmission port 13:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 0

· SRS transmission port 14:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 1

· SRS transmission port 15:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 2

· SRS transmission port 16:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 3

In transmission scheme 1, the UE only uses SRS transmission port 10. 
In transmission scheme 2 and 3, the UE can be configured to use each applicable SRS transmission port for periodic or aperiodic sounding. 
4.2
SPS transmission mode configuration

It needs to be decided whether UL SPS will have the same PUSCH mode as C-RNTI scheduled PUSCH or not.  Since the current PUSCH MIMO mode is targeting closed loop operations, it may not be directly applicable to the UL SPS transmission. 
In addition, the SPS validation procedure is defined already for PUCCH format 0 [4]. 

For the above reasons, we propose that DCI format 4 should not be used for SPS activation/deactivation. 
Our proposal is to assume always single antenna transmission mode for SPS PUSCH. 

SPS activation deactivation is via

· Transmission scheme 1 (single antenna, Rel-8)  :  SPS C-RNTI scrambled CRC DCI Format 0 with Rel-8 format validation

· Transmission scheme 2 (single antenna, Rel-10)  :  SPS C-RNTI scrambled CRC DCI Format 0 with Rel-8 format validation

· Transmission scheme 3 (multi-antenna)  :  SPS C-RNTI scrambled CRC DCI Format 0A/B.. with Rel-10 format validation

By Rel-10 format validation, we mean that in the newly introduced DCI Format 0A, 0B, etc., which of the new fields, if any, can be used for MIMO functions, and which, if any, is used for SPS validation. 

In order to increase commonality among the transmission schemes and transmission modes, our proposal is to use all new added fields for SPS validation.  For example, even when aperiodic SRS may be enabled a control bit added in the corresponding DCI, for SPS validation, it would be assumed to be set to the default (disabled value). 

Note that although it would be simpler to keep using DCI format 0 only for SPS scheduling, the problem we are trying to solve is that when the UE is in PUSCH Mode 2, it does not monitor DCI format 0 outside of the common search space.  
5
Conclusions

In this contribution we gave proposals for the remaining issues of UL transmission modes and transmission mode configuration signalling. In particular, we proposed the following: 

Transmission schemes: 

· Conditions for determining which transmission scheme is used by the UE (in particular wheter Rel-8 or Rel-10 configuration)

· Conditions for  enabling/disabling Rel-8 type transmit antenna switching
· Conditions for precoding vector switching

Fallback mode:

· eNB implementation based fallback schemes

Parameter configuration: 

· Individual configuration of non-contiguous transmission and aperiodic SRS

· No need for explicit DM-RS OCC enabling/disabling
SRS configuration:
· The following SRS transmission ports should be defined

· SRS transmission port 10:   same antenna or antenna virtualization as PUSCH Mode 1 single antenna transmission scheme 1 or 2 using PUSCH transmission port 0

· SRS transmission port 11:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 2Tx antenna transmission scheme using PUSCH transmission port 0

· SRS transmission port 12:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 2Tx antenna transmission scheme using PUSCH transmission port 1

· SRS transmission port 13:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 0

· SRS transmission port 14:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 1

· SRS transmission port 15:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 2

· SRS transmission port 16:   same antenna or antenna virtualization as PUSCH Mode 2 multi-antenna transmission configured with 4Tx antenna transmission scheme using PUSCH transmission port 3

SPS configuration

· Always use single antenna transmission mode for SPS
· SPS activation de-activation should not be defined for DCI format 4. 
· SPS activation deactivation is via

· Transmission scheme 1 (single antenna, Rel-8)  :  SPS C-RNTI scrambled CRC DCI Format 0 with Rel-8 format validation

· Transmission scheme 2 (single antenna, Rel-10)  :  SPS C-RNTI scrambled CRC DCI Format 0 with Rel-8 format validation

· Transmission scheme 3 (multi-antenna)  :  SPS C-RNTI scrambled CRC DCI Format 0A/B.. with Rel-10 format validation

· For validation, new field are assumed to be set to default ‘disabled’
References

[1] R1-105794, “Summary of the UL MIMO and UL RS Ad-hoc Session”, Ad-hoc Chairman (Samsung)
[2] R1-106366, “Antenna switching for UL MIMO”, Qualcomm Incorporated
[3] R1-106365, “Precoder switching for UL Tx”, Qualcomm Incorporated
[4] 3GPP TS 36.213






PAGE  
7/7

