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6.4 UL Multiple Antenna Transmission
6.4.1 Transmission modes and Signalling requirements for SU-MIMO

Transmission modes. 

Details of DCI Format 4.

R1-105136
Control signalling design for UL MIMO
Huawei, HiSilicon

R1-105169
Control signaling design for UL transmission in Rel-10
CATT

R1-105207
Further Discussions on UL Transmission Modes and DCI Format Designs
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

R1-105230
Uplink transmission modes and control signaling
Potevio

R1-105287
Remaining Issues on UL MIMO Transmission Mode and DCI Format Design
Texas Instruments

R1-105328
On UL transmission modes and configuration
Ericsson, ST-Ericsson

R1-105389
PMI signaling in DCI format for UL MIMO
Samsung

R1-105766           R1-105390
Further Discussions on UL MIMO signaling requirements
Samsung

R1-105391
Re-using DCI format 0 for UL SU-MIMO
Samsung

R1-105416
Views on UL transmission modes for PUSCH and signalling
NEC Group

R1-105462
UL Transmission Modes and Signalling Requirements for LTE-A
ZTE

R1-105494
Discussion on uplink transmission mode
Panasonic

R1-105535
UL SU-MIMO transmissions modes and control signalling
Nokia Siemens Networks, Nokia

R1-105573
UL transmission modes for LTE-A operation
Qualcomm Incorporated

R1-105574
Details of DCI format 4
Qualcomm Incorporated

R1-105628
Transmission modes and Control signalling for UL SU-MIMO
Motorola

R1-105643
Views on Transmission Mode and Control Signaling to Support UL MIMO
CATR

R1-105661
Discussion on Control Signaling for Uplink Transmission Mode
LG Electronics

R1-105772           Way Forward on UL MIMO configuration
Huawei, HiSilicon, Nokia, NSN, Ericsson, ST-Ericsson, NEC 

Agreement:
· The PUSCH transmission mode, the PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC
· Configurations are UE specific, carrier specific (for PUSCH and SRS) and independent from DL PDSCH transmission mode configuration
· Two PUSCH transmission modes 

· 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, Rel-10 OCC/CS mapping table, dynamic aperiodic SRS triggering

· Additional configuration of individual features 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
· No consensus to support PUSCH multiple antenna port mode dedicated for rank 1 in Rel-10.
· Alt 1: PUSCH multiple antenna port mode dedicated for rank 1 is not supported  in Rel-10

Supported by: Huawei, HiSilicon, Nokia, NSN, Ericsson, ST-Ericsson, NEC, LGE, Panasonic, ZTE, TI, RIM, CATT
Opposed by:
· Alt 2:  PUSCH multiple antenna port mode dedicated for rank 1 is supported  in Rel-10
Supported by: Samsung, Motorola, Qualcomm, Alcatel Lucent, Alcatel Lucent Shanghai Bell, Potevio, Sharp, 

Opposed by: Nokia, NSN, Ericsson, ST-Ericsson, Huawei, HiSilicon, TI, LGE, ZTE, Panasonic, RIM
· PUCCH configuration
· Transmission scheme
· Single transmission port 
· SORTD (if the corresponding Format support it)
· Independent configuration of single transmission port or SORTD for
· Format 1
· Rel.8 Format 1a/1b and Rel.10 Format 1a/1b with channel selection (if TxD supported)
· Format 2/2a/2b
· Format 3 (if TxD supported)
· 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)

Addition points of consideration

· The relationship between the SRS ports and the PUSCH transmission ports

6.4.2 UCI multiplexing on PUSCH in case of SU-MIMO

Note: Non-MIMO CA aspects under AI 6.2.3.

· Details of RI/AN replication, mapping, modulation, place of replication in UL transmission chain, layer-specific or layer-common scrambling

· CW selection

R1-105137
Aperiodic feedback in PUSCH with multi-layers
Huawei, HiSilicon

R1-105138
HARQ-ACK and RI multiplexing on PUSCH in case of SU-MIMO 
Huawei, HiSilicon

R1-105170
Further details on UCI transmission in PUSCH
CATT 

R1-105236
Replication of ACK/NACK and RI in PUSCH under SU-MIMO
MediaTek

R1-105265
Details of the Simulation Implementations for HARQ-ACK/RI Replication Schemes on PUSCH with SU-MIMO
Sharp

R1-105266
Simulation Results and Complexity Analysis for HARQ-ACK/RI Replication on PUSCH with SU-MIMO
Sharp

R1-105267
Remaining issues on CW selection for UCI multiplexing on the PUSCH with SU-MIMO 
Sharp

R1-105296
Resource size calculation for AN and RI multiplexing on MIMO PUSCH
ASUSTeK

R1-105329
Signaling for UCI on PUSCH 
Ericsson, ST-Ericsson

R1-105330
Resource allocation for UCI on PUSCH
Ericsson, ST-Ericsson

R1-105392
UCI Resources for Single Codeword PUSCH
Samsung

R1-105764          R1-105393
Discussions on UCI replication on MIMO PUSCH
Samsung

R1-105417
Consideration on beta value in calculation of the number of UCI symbols on PUSCH
NEC Group

R1-105459
Remaining issues for UCI Multiplexing on PUSCH with MIMO Transmission
ZTE

R1-105495
UCI resource size of retransmission on PUSCH with SU-MIMO transmission 
Panasonic

R1-105496
Processing chain of transmitter for HARQ-ACK/RI in SU-MIMO
Panasonic

R1-105536
HARQ-ACK and RI multiplexing on PUSCH with SU-MIMO
Nokia Siemens Networks, Nokia

R1-105575
Remaining details on UCI multiplexing for SU-MIMO transmission
Qualcomm Incorporated

R1-105576
Clarifications of UCI on PUSCH
Qualcomm Incorporated

R1-105612
UCI Mutiplexing on PUSCH in UL-MIMO
Motorola

R1-105662
Remaining issues on UCI Multiplexing
LG Electronics

R1-105696
Simulation results for UCI replication options
InterDigital Communications, LLC

R1-105771           Way Forward on ACK/NACK and RI multiplexing on PUSCH in UL SU-MIMO
Nokia Siemens Networks, CATT, Ericsson, LGE, Nokia, Panasonic, Qualcomm, ST-Ericsson, Texas Instruments, 
Also supported by: Samsung, Sharp 
(Ad-hoc Chairman’s note:   R1-10577 is agreed, considering the two agreements below)
The following is agreed except for the part of HARQ and RI bits being replicated over CWs before channel coding

· Straight forward extension of the single antenna case with replication across layers

· Observation: avoids additional eNB receiver implementation and reuse Rel-8 components as much as possible
· Same starting point  for rate-matching for each TB 

· 1 or 2 bits:

· Same modulation for UCI and data on each codeword (same as Rel-8)

· Corner constellation points are used (same as Rel-8)

· Repetition (1-bit) or Simplex (2-bit) coding per layer (same as Rel-8)

· HARQ-ACK and RI bits are replicated over CWs before channel coding

· If a CW is mapped onto multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding

· Layer or Codeword (to be agreed in RAN1#63 at latest) specific scrambling 

· For each layer / Codeword, the Rel-8 scrambler is reused with the exception of different initialization parameters

· For each layer / Codeword, data and UCI are scrambled jointly (same as Rel-8) 

· More than 2 bits

· Same modulation for UCI and data on each codeword (same as Rel-8)

· All constellation points are used (same as Rel-8)

· (32, M) Reed-Muller coding per layer (same as Rel-8)

· HARQ-ACK and RI bits are replicated over CWs before channel coding

· If a CW is mapped onto multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding.

· Layer or Codeword (to be agreed in RAN1#63 at latest) specific scrambling

· For each layer / Codeword, the Rel-8 scrambler is reused with the exception of different initialization parameters

· For each layer / Codeword, data and UCI are scrambled jointly (same as Rel-8) 

· Further discussion to decide if a standard-based solution is needed to resolve the issue of puncturing for RM code in high spectral efficiency/payload case 
Alt 1 is agreed. 
· Alt1: HARQ-ACK and RI bits are replicated over CWs before channel coding
· Supported by: Nokia Siemens Networks, CATT, Ericsson, LGE, Nokia, Panasonic, Qualcomm, ST-Ericsson, Texas Instruments, Samsung, Sharp 

· Alt 2: HARQ-ACK and RI bits are replicated over CWs after channel coding
· Supported by:  Huawei, Hisilicon, 
R1-105815          R1-105785   WF on the Resource Allocation Formula for RI and HARQ-ACK
Samsung, Ericsson, ST-Ericsson, Sharp, LG, Motorola
Agreement:

· A standard-based solution for resolving issues with optimistic code rates for high payloads/spectral efficiencies is introduced. 
· Working assumption is to make sure that the number of REs is not smaller than Qmin. 

· Q’ = max(Q’’, Q’min), where Q’’ is

[image: image1]
· Q’min is determined as a function of modulation order, and/or number of layers, and/or HARQ-ACK/RI payload. 
Alt 1 is agreed.
· Alt1: The TB with higher initial MCS level is selected for CQI/PMI transmission
Support: Sharp, Samsung, LGE, ZTE, 
· Alt 2: The TB with higher TBS level is selected for CQI/PMI transmission
Support:  Ericsson, ST-Ericsson

Agreement:
Working assumption is that if the MCSs of 2 CWs are the same,   CW0 is always selected.
· Could be revisited if there is significant performance issue is identified.
6.4.3 Precoder for PHICH-Triggered SU-MIMO re-transmissions
Case where number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant.
R1-105139
Uplink re-transmssion without UL grant
Huawei, HiSilicon

R1-105289
View on Precoder Selection for PHICH-Triggered Retransmissions
Texas Instruments

R1-105331
Precoding for PHICH triggered retransmissions 
Ericsson, ST-Ericsson

R1-105395
Precoding in PHICH-triggered PUSCH retransmissions
Samsung

R1-105418
Precoding Selection for PHICH triggered retransmission in UL MIMO
NEC Group

R1-105460
Precoding for UL SU-MIMO in PHICH-triggered retransmission
ZTE

R1-105537
On precoder for PHICH-triggered retransmissions
Nokia Siemens Networks, Nokia

R1-105577
UL MIMO scheme for retransmissions triggered by PHICH
Qualcomm Incorporated

R1-105611
Precoder for PHICH-Triggered SU-MIMO Re-transmissions
Motorola

R1-105663
Precoding for UL SU-MIMO in PHICH-triggered Retransmission
LG Electronics

R1-105679
Precoding for PHICH-triggered SU-MIMO re-transmissions
Fujitsu
R1-105744          Way Forward on Precoder Selection for PHICH-triggered Uplink Retransmission
LG Electronics, Qualcomm, Nokia, Nokia Siemens Networks, Ericsson, ST-Ericsson, RIM, ETRI, LG-Ericsson 

· For PHICH-triggered retransmission of a single TB from initial two TBs transmission, 

· the column vector(s) of the precoder applied by the latest corresponding PDCCH grant to the TB to be retransmitted is reused.

R1-105773         Way forward for Precoding matrix indication in PHICH triggered retransmission
Huawei, HiSilicon, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATT, CATR, Fujitsu, HTC, III, Mediatek ,NEC, Potevio ,Pantech, Panasonic, TD-Tech, Texas Instruments, ZTE, Samsung
Agreement:
· When the number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant.
· The precoding matrix with lowest index is chosen from the agreed uplink codebook with the rank same as the transmission rank of the retransmission
R1-105394
Further issues in PHICH-triggered PUSCH retransmissions
Samsung

Continue discussion until next meeting.  Try  to decide between the Reset (Alt 1) vs Reuse (Alt 2) for the following UE behaviour:

· TB to CW mapping

· PHICH resource

· DMRS resource
· FFS if  the Tx power of retransmission is scaled as a function of rank of both initial and retransmission is supported 

6.4.4 Other

R1-105141
Channel interleaver design for UL MIMO
Huawei, HiSilicon

R1-105540
Performance evaluation on UL SU-MIMO channel interleaver
Nokia Siemens Networks, Nokia

R1-105666
PHICH Resource Allocation for SU-MIMO in Non-contiguous Resource Allocation
LG Electronics
6.5 UL RS issues relevant to LTE-A Work Items
6.5.1 DM RS
R1-105173
UL DMRS signaling  for OCC and retransmission
CATT 

R1-105397
UL DMRS Aspects In Rel-10
Samsung

6.5.1.1 Remaining details of OCC/CS mapping 
R1-105142
Remaining details of OCC/CS mapping
Huawei, HiSilicon

R1-105210
UL DMRS Configuration for PHICH-triggered Retransmission
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

R1-105306
OCC Configuration for Uplink DM-RS in LTE-Advanced
Pantech

R1-105497
OCC and CS for UL DMRS in SU/MU-MIMO
Panasonic

R1-105541
On OCC mapping for UL DM RS
Nokia Siemens Networks, Nokia

R1-105580
Conveying OCC for PUSCH transmissions
Qualcomm Incorporated

R1-105629
Remaining details on OCC and CS mapping for UL DM-RS
Motorola

R1-105637
OCC mapping for uplink DM-RS
Mitsubishi Electric

R1-105667
Remaining details on CS and OCC mapping for UL DM-RS
LG Electronics

R1-105688
Uplink DMRS Resource Configuration
Ericsson, ST-Ericsson

R1-105747           Way Forward on UL-DMRS

Ericsson, ST-Ericsson, Huawei, HiSilicon, Panasonic, CATT, Mitsubishi, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Pantech, Sharp, Texas Instruments
Also supported by NEC, ZTE
Agreement: 
· Take the initial PDCCH-based OCC/CS table in R1-105747 as working assumption. 

· The following part could be revisited if there is consensus that  PHICH collision issue is not relevant
· Whether or not to have a revised table that allows up to 2 rows can supports OCC switching from layer 1 to layer 2

· FFS whether to allow switching between the above table and the above-mentioned revised table that supports OCC switching 

· Initial PDCCH-based OCC/CS mapping table  (copied from R1-105747)
· The mapping of CSI to nOCC,0 is 
· [1 1] for CSI={000,011,100,111} 
· [1 -1] for CSI={001,010,101,110} 
· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO
· For the following 4 CSI values {000,001,010,111}: nOCC,k= nOCC,0  for k=1 and nOCC,k=1-nOCC,0 for k=2,3
· For the remaining 4 CSI values {011,100,101,110}: nOCC,k= nOCC,0  for k=1,2,3
· Use the following mapping table (Table 1):
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6.5.1.2 SGH for MU-MIMO
R1-105143
SGH for MU-MIMO
Huawei, HiSilicon

R1-105542
Modification on UL DM RS sequence group hopping 
Nokia Siemens Networks, Nokia

R1-105581
Sequence Group Hopping for MU-MIMO operation
Qualcomm Incorporated

R1-105630
On DM-RS SGH for UL MU-MIMO
Motorola

R1-105638
Sequence/group hopping enabling/disabling for uplink DM-RS
Mitsubishi Electric

R1-105668
Sequence and sequence group hopping for MU-MIMO with non-equal  bandwidth
LG Electronics
R1-105788       Way Forward on Sequence Group Hopping for UL DM RS
Huawei, HiSilicon, Mitsubishi, Samsung, LG Electronics, CATT, Ericsson, ST-Ericsson

Also supported by: Nokia, NSN
Agreement:

· In addition to cell-specific on/off configuration of SGH for Rel-10 UEs, UE-specific configuration of SGH for PUSCH is supported by higher-layer signaling. 

· The UE-specific configuration disables SGH for PUSCH
· FFS if disabling is across slots within one subframe, or across slots and subframes
· When the cell-specific SGH is enabled, the cell-specific configuration of SGH is overridden once UE-specific configuration is received.

· When the cell-specific SGH is disabled, it has priority over the UE-specific configuration

6.5.1.3 Other

6.5.2 SRS

6.5.2.1 Remaining details of dynamic aperiodic SRS
R1-105144
Remaining issues for aperiodic sounding
Huawei, HiSilicon

R1-105174
Remaining issues on SRS transmission in Rel-10
CATT

R1-105175
Aperiodic SRS transmission in UpPTS
CATT

R1-105211
Remaining issues for dynamic aperiodic SRS
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

R1-105217
On SRS transmission mode
CATT

R1-105237
Remaining issues of aperiodic SRS
MediaTek

R1-105269
Performance Improvements for Cell-Edge UEs by Sounding Enhancements
Sharp

R1-105270
Details of Dynamic Aperiodic SRS configuration
Sharp

R1-105291
Resource Allocation and Signaling for Aperiodic Sounding
Texas Instruments

R1-105307
Signaling method on Aperiodic SRS transmission with holding scheme
Pantech

R1-105308
Detailed signaling for aperiodic SRS
Pantech

R1-105333
Details of dynamic aperiodic SRS
Ericsson, ST-Ericsson

R1-105398
Resources for Dynamic SRS Multiplexing
Samsung

R1-105439
Views on Signaling for Dynamic Aperiodic SRS
NTT DOCOMO

R1-105458
On remaining issues of aperiodic SRS
ZTE

R1-105506
Resource Allocation and Signalling for Dynamic Aperiodic SRS in LTE-A
Research In Motion UK Limited

R1-105507
Considerations on Remaining Design Detail for Aperodic SRS in LTE-A
Research In Motion UK Limited

R1-105543
Details of dynamic aperiodic SRS 
Nokia Siemens Networks, Nokia

R1-105582
Further details on aperiodic dynamic SRS
Qualcomm Incorporated

R1-105583
Aperiodic SRS triggering in CA scenario
Qualcomm Incorporated

R1-105631
SRS for multiple transmit antenna uplink
Motorola

R1-105632
On Dynamic Aperiodic SRS Transmission Timing
Motorola

R1-105633
Dyanamic Aperiodic Sounding and Carrier Aggregation
Motorola

R1-105634
On Triggering of Dynamic Aperiodic Sounding
Motorola

R1-105669
Details on dynamic aperiodic sounding for LTE-Advanced
LG Electronics

R1-105680
Consideration for aperiodic sounding for LTE-Advanced system
Fujitsu

R1-105703
On the Benefits of Multi-shot Sounding
Texas Instruments
R1-105769         Starting Point of Aperiodic SRS Discussion for One CC Case
Sharp 

R1-105767   Way Forward on aperiodic SRS triggering
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATT, CATR, CMCC, CHTTL, HTC, HT mMobile, ITRI, MediaTek, Motorola, New Postcom, Nokia, Nokia Siemens Networks, Potevio, Qualcomm, ZTE 

Agreement:
· Format 4 is used for SRS triggering.

· Format 0 is also used for SRS triggering

R1-105787  Way Forward on Aperiodic SRS
Samsung, Qualcomm, Nokia, Nokia Siemens Networks, Alcatel-Lucent, ASB, ZTE, Sharp, Panasonic, NTT DOCOMO

Agreement:

· DCI Format 4

· 2 or 3 new bits indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters

· 1 state indicates no aperiodic SRS activation

· FFS for exact RRC-configured aperiodic SRS parameters

· E.g. cyclic shift, comb, bandwidth, position
· DCI Format 0 

· 1 new bit (RRC-configured) indicates aperiodic SRS activation

· Aperiodic SRS activation is not supported in UE Common Search Space

Continue discussion until next  meeting, taking into account the following proposals from R1-105787.
· DCI Format 0 

· If the bit is activated, 1 code-point indicates whether aperiodic SRS transmission is based on parameters

· If the code-point is validated, the following is configured via the DCI Format 0 
· Baseline is no data Tx in this mode of operation

· FFS if data Tx is allowed in this mode of operation

· FFS which code-point

· FFS which/how aperiodic SRS transmission parameters are configured (e.g. carrier indication, PRB allocation, BW position, etc.)

· Target conclusion at next meeting

· Otherwise,

· Configured via RRC (a single set of parameters)
· Rel-8 SRS hopping mechanism is supported for both DCI format 0 and 4

· The hopping pattern defines the SRS bandwidth position in a sub-frame.

6.5.2.2 Other enhancements
Low priority.
R1-105145
Sounding using DMRS
Huawei, HiSilicon

R1-105334
On periodic multi-antenna SRS transmissions 
Ericsson, ST-Ericsson

R1-105399
SRS Enhancements in Rel-10
Samsung

R1-105400
Support of peridic SRS for 4 Tx antennes
Samsung

R1-105544
Channel sounding enhancements for LTE Advanced uplink  
Nokia Siemens Networks, Nokia
R1-105770           Way Forward on Periodic SRS to Support Multiple Tx Antenna Transmission
KDDI, NEC, Panasonic, Samsung, Sharp 

Agreement:
· For periodic SRS transmissions, 

· The number of SRS antenna ports, Np, can be configured independently of that for dynamic aperiodic SRS. Alt 2 is agreed. (Ad-hoc chairman’s note:  this part of the agreement is supersede  by the agreement in AI 6.4.1 on SRS port number)
· Alt 1:The possible Np values are: 

· In the case when multiple Tx antenna port mode for PUSCH is configured 

· 1 and 2 for UEs with 2 Tx antenna 

· 1, 2 and 4 for UEs with 4 Tx antenna 

· The value “2” is supported if it is agreed that 2Tx antenna port mode is possible for 4Tx UEs. 

· To be revisited after the a-periodic SRS discussion

· In the case when single Tx antenna port mode for PUSCH is configured 

· 1 for all UEs 
· Alt 2:  The Np value belongs to the set of {1,2,4}, and is configured independent of the PUSCH transmission mode 

· In the case when a UE has 4 Tx antennas, it is FFS whether or not the Np=2 configuration is applicable. To be revisited after the 6.4.1 discussion.

· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 
· Both CS and Comb could be used for multiplexing different antennas
· Further discussion needed to see if we can narrow down the configuration parameters
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports
· FFS to use time cycling to multiplex the SRS from antenna ports 
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