3GPP TSG RAN WG1 Meeting #63                                      
      R1-106289
Jacksonville, USA, 15th – 19th November 2010

Agenda Item:
6.4.1

Source:
Motorola
Title:
On Remaining details on UL SU-MIMO Signalling 
Document for:  Discussion and Decision

1. Introduction

At the RAN1#62bis meeting, many details on the PUSCH transmission modes were agreed. In this contribution we provide our views on the remaining issues on UL control signalling.　　　　　
In this contribution, we discuss some of the remaining issues regarding control signalling for UL MIMO. 
2. PUSCH Mode 2 – Multiple-antenna port mode
2.1. Configuration of PUSCH with 2TX/4X codebook
At the RAN1#62bis meeting, the following was agreed regarding PUSCH mode 2:
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  
An open issue is the UE-specific or cell-specific configuration of whether PUSCH is using 2TX codebook or 4 TX codebook.  As the configuration of whether 2TX codebook or 4 TX codebook is used for PUSCH is more of an eNB capability of receiving from 2Tx/4Tx UE, we propose the configuration be cell-specific. 

Proposal 1: 
· Cell-specific configuration of whether UE uses 2TX codebook or 4 TX codebook for PUSCH in PUSCH Mode 2.
2.2. Two TB/codeword UL SU-MIMO DCI Format 4
The DCI format 4 for codebook-based closed-loop two codeword UL MIMO is expected to be quite similar to the DL SU-MIMO DCI Format 2 [2] as shown in Table 2 and Table 3 (without CIF and aperiodic SRS trigger).
Table 2 - PDCCH DCI Format 4
	PDCCH Field
	(bits)

	RA header

(type 0/type 1)
	1

	 RB assignment
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	 MCS+RV TB 1,2
	5 + 5 

	 NDI  TB 1,2
	1 + 1

	TB-to-codeword swap flag
	1

	 CSI and OCC 
(for DM RS)
	3

	 TPC
	2

	 CQI request 
	1

	 TDD: UL index
	2

	 Precoding info. (TPMI, TRI)  
	3 (2Tx) / 6 (4Tx) 

	 CRC
	16


Table 3 – FDD PDCCH DCI Format 4 sizes for 2Tx
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1.4 6 5 0 16 44

3 15 7 0 16 46

5 25 9 0 16 48

10 50 11 0 16 50

15 75 12 0 16 51

20 100 13 0 16 52


Some of the features of the UL SU-MIMO DCI format 4 include:
· No UL hopping flag bit,
·  5-bit MCS+RV for each of transport block 1 and 2, No bits for HARQ process due to synchronous HARQ in the UL, 

· 1-bit NDI field for each of transport block 1 and 2,

· 1-bit Transport block to codeword swap flag – as in Rel-8/9 DCI format 2/2A allowing flexibility in TB to codeword mapping,

· 3-bit CS (and OCC) for DM-RS field indicating the CS and OCC for the DM-RS on the lowest layer of the first codeword (layer 0),

· 2-bit TPC command the scheduled PUSCH transmission (No per-layer and/or per-PA TPC command bits [4]),
· Precoding information (TPMI+TRI):

· 3-bit for 2-Tx (rank-1: 6 vectors including two vector for antenna selection; 1 identity matrix for rank-2) 

· 6-bit for 4-Tx (rank-1:24, rank-2: 16, rank-3:12, rank-4:1)

· 1 codepoint used to indicate single antenna port transmission scheme supporting contiguous/non-contiguous type 0/1 RA scheme

· 1-bit aperiodic CQI-request bit.
Some additional fields related to other Rel-10 features such as carrier aggregation (CIF) and dynamic aperiodic SRS (SRS request) may also be present.
Proposal 2: 
· DCI format 4 for codebook-based closed-loop two codeword UL MIMO according to Table 2 including:

· No UL hopping flag bit

· 1-bit Transport block to codeword swap flag

2.3. Mechanism for Disabling of a TB in UL SU-MIMO
There may be instances where one TB transmission is desired requiring disabling of one of the TBs when using SU-MIMO DCI format 4 which supports signalling and scheduling of  two TBs. In the DL MIMO, this is achieved by reserving a code point in the MCS+RV signalling fields i.e. when 
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 and if rvidx = 1 is signalled for a TB, then that TB is disabled. However, a seperate rvidx field is not available in UL grants with a pre-defined RV pattern defined for the retransmissions.
Some alternatives for disabling a TB in case of UL SU-MIMO two TB DCI format (0_2) are considered below. A TB can be disabled by one of more combination of the following rules:

· when 
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is signalled then the TB is disabled. (simple, and follows Rel-8/9),
· when rank, TRI =1 is signalled as part of the precoding information, TB1 is enabled and TB2 is disabled or vice versa (use an unused state of Precoding Information field),
· when aperiodic CQI bit is set to 1 and 
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, then the corresponding TB is disabled.
· when NDI =0, the corresponding TBS is disabled.
In [5], the following was proposed that for transport block disabling, 

· Alt1: Add CW1 disabling mechanism indicated by, e.g. MCS for CW1 = 29 and N_RB=1 ( scheduling restriction

It is noted that while a first codeword (or transport block) is disabled, the second transport block would still be utilizing the resource allocation field within the UL MIMO grant. Therefore utilizing N_RB=1 to indicate codeword (transport block) disabling is not desirable. 

While it is possible to define new codepoints as mentioned in [5], it is preferable to just use the same codepoint as was done in Rel-8/9 for the DL. It is noted that simply using 
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is sufficient for UL MIMO as it has extremely low spectral efficiency (~0.23 bits/symbol). Therefore reserving the code point 
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for signalling TB disabling is expected to have no impact whatsoever on the UL performance. 
Proposal 3: 
· In UL MIMO DCI formats supporting two transport block/codeword scheduling, a transport block is disabled if  
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 is signalled for the corresponding transport block.
2.4. Aperiodic CQI-only grant and UL-MIMO
In [5], it was proposed to extend the Aperiodic CQI-only grant to UL MIMO DCI by extending the Rel-8 codepoint (MCS = 29, N_RB<=4) to include the MCS=29 also for the second transport block.
It is unclear whether there is a need for transmitting only UL control information using spatial multiplexing. Further, requesting CQI-only uplink transmissions via the single-port fallback scheme is always available and is more efficient from a PDCCH overhead perspective. If an aperiodic CQI-only grant is to be defined for UL MIMO DCI, the existing Rel-8 code point (MCS = 29, N_RB<=4) can be used just the first transport block (MCS = 29, N_RB<=4). Aperiodic CQI-only in MIMO DCI can be restricted to single-layer (TRI=1) transmission for robust UL control information transmission. Robustness of single-layer transmission is more important for control information than the increased spectral efficiency of higher-rank transmissions.  
Proposal 4:
· If Aperiodic CQI-only PUSCH using UL-MIMO DCI is supported, single-layer (rank-1) transmission is used. Existing Rel-8 code point (MCS = 29, N_RB<=4) is used for the first transport block (MCS = 29, N_RB<=4).  
2.5. Two TB to one TB transition
As in the DL, there may be dynamic switching in the UL between one TB (DCI format 0) and two TBs (DCI format 4). In this case, like in the DL, it may be specified that the TB associated with the DCI format 0 corresponds to Transport block 1.

Proposal 5:

· Define the 2 TB to 1 TB transition for UL-MIMO the same as in Rel-8 DL - TB associated with DCI format 0 in PUSCH mode 2 corresponds to Transport block 1.
3. PUSCH Antenna Ports and SRS Transmission Ports 

At the RAN1#62bis, the PUSCH transmission mode, the PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC. 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 relationship between the SRS transmission ports and the PUSCH antenna ports is for consideration at RAN1#63. 

With UL multiple antenna transmissions, different transmit PA architectures can be supported [1], e.g., for a 2 Tx antenna UE:
A: 20dBm + 20dBm

B: 23dBm + 23dBm

C: 23dBm + x, where x ≤ 23dBm

The total transmit power, Pmax, is defined as 23dBm regardless of the number of antennas, PAs and precoding used. 
If the configured number of PUSCH antenna ports and SRS transmission ports are the same, then a one-to-one relationship can be assumed for the SRS transmission ports and PUSCH antenna ports, i.e., 
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, SRS associated with transmission port  
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 is transmitted of antenna port p enabling eNB to use SRS to track frequency-selectiveness of the UL channel associated with PUSCH transmission on antenna port p.
3.1. Single Antenna Port Transmission Scheme and SRS transmission

PUSCH Single Antenna Port Transmission Scheme is used for PUSCH transmission in PUSCH Mode 1 and PUSCH transmission in response to reception of DCI format 0 in PUSCH Mode 2. 
In case of single-port PUSCH and SRS transmission, UE has the most up to date information of its power state (including AGI), PA efficiency and optimization, power consumption, and is best able to determine how to efficiently use the PAs to achieve same coverage (PPowerClass i.e., 23dBm max Tx power) as Rel-8 single antenna UE. Thus, mechanism for single-antenna port PUSCH and SRS transmission should be left to UE implementation. For example, using long-term precoding weights (based on UE implementation), antenna virtualization corresponding to a fixed synthesized pattern or turning off all but one PA. However, in order to enable an eNB to use SRS to track power control and frequency-selectiveness of the UL channel, the same implementation (e.g. precoding weights) should be used for SRS and single antenna PUSCH transmissions. SRS transmission associated with single transmission port should be transmitted from the same antenna port used for PUSCH transmission with Single Antenna Port Transmission Scheme.
In case of single antenna port PUSCH transmission and multiple transmission ports SRS (PSRS = 2 or 4) to enable eNB use the SRS for not only track the channel for multi-antenna port PUSCH transmission 
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but also for the single antenna port PUSCH  (p=0), the SRS transmissions associated with transmission ports 
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 are transmitted on antenna ports 
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. In addition, to enable support of different PA architectures (e.g., A: 2Tx 20dBm + 20dBm) and not require UE to achieve  PPowerClass when transmitting PUSCH from single antenna port while SRS is transmitted from multiple antenna ports, the maximum PUSCH/SRS transmit power on a given antenna port is capped to be   
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 where P is the number of configured PUSCH antenna ports and PSRS  is the number of configured SRS transmission ports. 
3.2. Multiple Antenna Port Transmission Scheme and SRS transmission

A similar scenario occurs with multiple antenna port PUSCH transmission (P=2 or 4) and single transmission port SRS (PSRS = 1). In this case also, it is proposed to cap the maximum PUSCH/SRS transmit power on a given antenna port to  
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 to enable support of different PA architectures and ability to use SRS to track the channel associated with antenna port p=0.
Proposal 6 :
· At least when the configured number of PUSCH antenna ports and SRS transmission ports are the same, the relation between SRS transmission port 
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 is given by 
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· SRS associated with transmission port
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is transmitted of antenna port p enabling eNB to use SRS to track frequency-selectiveness of the UL channel associated with PUSCH transmission on antenna port p.
· Single antenna port PUSCH and single transmission port SRS 
· Implementation issue on how PAs are used in single-antenna port PUSCH and SRS to achieve same coverage (PPowerClass i.e., 23dBm max Tx power) as Rel-8 single antenna UE.

· SRS transmission associated with single transmission port transmitted from the same antenna port used for PUSCH transmission with Single Antenna Port Transmission Scheme.
· Single antenna port PUSCH and multiple transmission ports SRS or multiple antenna port PUSCH and single transmission port SRS

· To support PA architectures with no single-antenna supporting PPowerClass i.e., 23dBm (such as 20dBm+20dBm for 2-Tx case), cap the maximum PUSCH/SRS transmit power on a given antenna port to 
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 where P is the number of configured PUSCH antenna ports and PSRS is the number of configured SRS transmission ports.
4. Conclusion
We propose the following regarding transmission modes and control signalling:

Proposal 1: Configuration of PUSCH with 2TX/4X codebook

· Cell-specific configuration of whether UE uses 2TX codebook or 4 TX codebook for PUSCH in PUSCH Mode 2.
Proposal 2: UL SU-MIMO DCI Format 4

· No UL hopping flag bit

· 1-bit Transport block to codeword swap flag
Proposal 3: Mechanism for Disabling of a TB in UL SU-MIMO:
· Transport block is disabled if  
[image: image21.wmf]0

MCS

=

I

 is signalled for the corresponding transport block.
Proposal 4: Aperiodic CQI-only grant and UL-MIMO:
· If Aperiodic CQI-only PUSCH using UL-MIMO DCI is supported, single-layer (rank-1) transmission is used.  Existing Rel-8 code point (MCS = 29, N_RB<=4) is used for the first transport block (MCS = 29, N_RB<=4).  

Proposal 5: Two TB to one TB transition:
· Define the 2 TB to 1 TB transition for UL-MIMO the same as in Rel-8 DL - TB associated with the 1 TB DCI format 0 corresponds to transport block 1.
Proposal 6: PUSCH Antenna Ports and SRS Transmission Ports
· Relation between SRS transmission port 
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· Single antenna port PUSCH and single transmission port SRS 
· Implementation issue on how PAs are used in single-antenna port PUSCH and SRS to achieve same coverage (23dBm max Tx power) as Rel-8 single antenna UE.

· Single antenna port PUSCH and multiple transmission ports SRS or multiple antenna port PUSCH and single transmission port SRS

· Cap the maximum PUSCH/SRS transmit power on a given antenna port to 
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 where P is the number of configured PUSCH antenna ports and PSRS is the number of configured SRS transmission ports.
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