Page 1



[image: image1.wmf](

)

(

)

é

ù

2

1

log

2

+

DL

RB

DL

RB

N

N

3GPP TSG-RAN-WG1 Meeting #57bis
R1-092360
Los Angeles, USA, June 29 – July 3, 2009
Agenda Item:
14
Source:
Huawei

Title:
Downlink control signaling for dual-layer beamforming
Document for:
Discussion & Decision
1 Introduction
In RAN1 #56b and 57 meeting, the views on dual-layer beamforming were presented in [1]-[6], and further agreements where reached in RAN&#47 based on [10] in [11]. In this contribution, we discuss some details on the downlink control signaling needed for dual-layer beamforming.
2 Control signaling for single user dual-layer beamforming
2.1 DCI format definition
For dual-layer beamforming, the UE-specific DRS is used for PDSCH demodulation, so there is no need to indicate the precoding information in the downlink control signalling. Thus, introducing a new format [4,5] or reusing the existing format 2A [2,3] for open-loop transmission mode can be considered. 
Also in [7], a new DCI format named “2B” is introduced, which is based on DCI format 2 with no precoding information. 
Dual-layer beamforming can be seen as an open loop transmission with two dedicated antenna ports in addition to the common antenna ports. Consequently, the reuse of the open loop format 2A seems suitable with a slight modification concerning the interpretation of the number of antenna ports.

In format 2A, the pre-coding information field is not present for a transmission with two antenna ports, as shown in Table 1. 

For dual-layer BF, where there is no pre-coding and where two dedicated antenna ports are available in addition to the common ports, the pre-coding table should then be omitted independently of the number of antenna ports detected by the UE.

With this slight modification, reusing 2A for dual-layer beamforming can result in the same signalling contents and number of overhead bits as introducing a new format “2B”. In addition, it only requires a very minor reinterpretation of this format compared to R8. 
Table 1  Number of bits for precoding information in Format 2A [8]
	Number of antenna ports at eNode-B
	Number of bits for precoding information

	2
	0

	4
	2


It can be seen that reusing format 2A for single user dual-layer beamforming is a good choice with minimal specification changes and no extra complexity. 
2.2 Support for rank adaptation 
Fast rank adaptation is an essential property of spatial multiplexing in Rel-8. It is also applicable and beneficial for dual layer beamforming and was agreed as baseline in RAN1#47. 
Similar to Rel-8, the NodeB should allow a rank reduction to either single layer beamforming or transmit diversity based on the actual channel state. This allows a quick adaptation to the actual transmission conditions and provides scheduling flexibility without the need to reconfigure the transmission mode of the terminal.
Similar to the existing Rel-8 spatial multiplexing transmission modes, rank adaptation can be supported with DCI indication. In DCI format 2A, the number of transmission layers, TRI, is equal to 2 if both codewords are enabled; and is equal to 1 if codeword 0 is enabled while codeword 1 is disabled. DCI format 1A can also be used to indicate that the TRI is equal to 1. 
In Table 2, we provide a PDSCH transmission scheme configuration corresponding to the DCI format for single user dual-layer beamforming. This configuration follows the features for single layer beamforming in Rel-8 without adding any new special definition.  
Table 2 PDCCH and PDSCH for single user dual-layer beamforming
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 8 – 

PDCCH and PDSCH configured by C-RNTI
	DCI format 1A
	Common and UE specific 
	Transmit diversity 

	
	DCI format 2A
	UE specific
	Single layer beamforming or
Dual-layer beamforming

	Mode 8 – 
PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific 
	Single layer beamforming/Transmit diversity

	
	DCI format 2A
	UE specific
	Dual-layer beamforming


3 Control signalling for MU-MIMO beamforming
Beamforming with MU-MIMO support can improve the system performance, and has been proposed as an extension of dual-layer beamforming in Rel-9 by several companies. In this section, the downlink control signalling for MU-MIMO is discussed.
Compared with Rel-8 MU-MIMO, the difference of the required control signalling for MU-MIMO with beamforming in Rel-9 is mainly caused by the DRS transmission scheme. In detail, compared to the DCI format 1D in Rel-8,
· No precoding information and power offset indicator are needed;

· The UE needs to be informed which layer it should demodulate. Thus, if UE-specific RS for each paired UE is orthogonally multiplexed (e.g. CDM, FDM, or TDM), the  antenna port on which UE-specific RS is transmitted should be indicated to the UE;

· If different DRS patterns are used for rank 1 and rank 2 transmissions, i.e. for simultaneous transmission to one or two UEs, the DRS pattern should also be indicated, otherwise, it is not needed.  

The detailed control signalling contents can be listed as in Table 3. 
Table 3 control signalling contents for MU-MIMO beamforming in Rel-9
	Information Field
	Bit number 

	Localized/Distributed RA flag
	1

	 RB assignment 
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	 MCS
	5

	 HARQ Process ID
	3 (FDD), 4 (TDD)

	 NDI
	1

	 RV
	2

	 TPC
	2

	 DAI 
	2 (TDD only)

	 Antenna port  
	1

	DRS pattern
	0 or 1

 (corresponding to the decision of DRS design)

	 CRC
	16


In [6], a single DCI format for both, beamforming with SU-MIMO and MU-MIMO is proposed. Considering the signalling overhead and the PDCCH transmission efficiency, we don’t think that this is a good choice for MU-MIMO.

For SU-MIMO, the MCS, NDI, and RV for two transmission blocks should be indicated and 8 bits in total are needed for each TB (transport block). For MU-MIMO, in which only one TB is transmitted per UE, the 8 bits used for the second TB are redundant. Even though one could reuse 1 or 2 bits for DRS indication, there remain 6 redundant bits per UE. Especially since more UEs need to be scheduled simultaneously in MU-MIMO, the resulting control signalling overhead is an important issue.
Therefore, we propose to consider a new DCI format, e.g. 1E, for MU-MIMO beamforming. 

Furthermore, if desired, this kind of format could be used also for Rel-10 MU-MIMO transmission modes, when a single transmission layer is sent per UE. In RAN1#56bis, the proposed way forward for the DRS overhead in Rel-10 DRS is 12 REs per RB for rank 1-2 and max 24 REs (total) per RB for rank 3-8 [9]. This means the DRS resource overhead or even RS pattern will change according to the rank value. In MU-MIMO transmission mode, UE may not know the number of UEs which it is multiplexed with. Therefore, the total DRS overhead or RS pattern for PDSCH demodulation should be indicated to each UE. The required information fields of “Antenna port” and “DRS pattern” could be made available for Rel-9, but the required number of bits may be different for R10 as shown in Table 4. 
Table 4 Estimate of the number of bits for forward compatibility with R10 MU-MIMO
	Information fields
	Bit number

	Antenna port  
	1  for Rel-9

3  for Rel-10
( for single layer per UE)

	DRS pattern
	0 or 1  for Rel-9

 FFS for Rel-10

 (if DRS pattern is fixed to DRS overhead, only 1 bit is needed. )




4 Conclusion
In this contribution, we discussed downlink control signalling for dual-layer beamforming. In summary, we propose that 

· New transmission modes and two new dedicated antenna ports need to be defined for dual-layer beamforming in Rel-9.

· DCI 2A is reused for single user dual-layer beamforming and fast rank adaptation is supported by DCI indication as adopted in Rel-8.

· A new DCI format 1E could be defined for MU-MIMO beamforming. In such a format 1E, DRS antenna port information needs to be indicated. In addition a DRS pattern indication for PDSCH demodulation is possibly needed considering the DRS design in Rel-9 and forward compatibility with Rel-10.
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