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1. Introduction

Prior to RAN1 #57, many issues related to enhanced downlink transmission for LTE were discussed on WG1 reflector, and a summary was presented at RAN1 #57. During the meeting, the following agreements were reached regarding such enhanced transmission, which is in fact a dual-layer beamforming (BF) scheme [1]. 
· Agree on the DMRS overhead as 12 REs
· Same set of RE used for Rank 1 and Rank 2
· FFS whether or not Rel9 Rank1 pattern is different from the Rel8 Rank1 pattern
· Consider the forward compatible design that makes Rel 9 patterns a subset of Rel 10 patterns, on the condition that the new pattern presents better performance than or at least equivalent performance to the existing Rel 8 pattern
· Fast/dynamic rank adaptation should be supported in this WI, aiming at reusing existing mechanisms as in Rel 8
· PMI feedback is supported for FDD
· FFS whether or not to have PMI feedback for TDD
· UE antenna calibration
· Need for UE antenna calibration FFS

· UE antenna calibration would not be specified in RAN1, it would be an implementation issue

· Evaluate the performance (loss) due to the UE TX- and RX- mismatch
· Carry out more discussion on the cost and method of different UE calibration method
· Use Rel8 layer mapping as the baseline in this WI
· Further evaluate the gain of layer shift especially when spatial bundling is applied
· Whether or not to support non-transparent MU-MIMO based on orthogonal DMRS should be investigated before next RAN plenary (via email discussion)

One issue left outstanding is, as highlighted above, whether to support non-transparent MU-MIMO based on orthogonal DM-RS. Further discussions were continued on the WG1 reflector after RAN1 #57, and many companies expressed their views. From the discussion, it seems that most companies prefer to support such feature as it would bring benefit in dual-layer BF performance. If that is the case, then the question left is how to signal such transmission without introducing too much signaling for different transmission configurations. 

A number of contributions submitted at last meeting had some discussions on control signaling [4]

 REF _Ref232312157 \n \h 
 \* MERGEFORMAT [5]

 REF _Ref232312158 \n \h 
 \* MERGEFORMAT [6]. Some even looked beyond Rel-9 and into such signaling design for Rel-10, which could be useful as part of forward compatibility consideration. 

In this paper, these signaling aspects are discussed. The signaling design is considered in conjunction with other aspects and other transmission configurations. The goal is to design a simple signaling format which is able to support all the possible transmission configurations including both SU-MIMO and MU-MIMO.
This is a re-submission of R1-092412
2. Transmission configurations supported by Dual-layer BF
In Rel-8, seven transmission modes are defined for downlink transmission. Among them, transmission mode #7 uses the conventional BF techniques. As it is a single beam scheme, the system throughput could be limited. In LTE Rel-9, a Work Item (WI) is underway to investigate the performance of dual-layer BF technique and discuss its various design aspects [2]. In such a system, as shown in Figure 1, two independent data streams are encoded, modulated and mapped to frequency resources.  They are then carried by two independent beams formed by antennas such as cross-polarized antenna array. As two layers of independent data streams could be transmitted to the UE, the sector throughput is expected to be higher than the single layer BF transmission as specified in Rel-8.
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Figure 1: Dual-layer BF system
Such a system also has the flexibility of supporting SU-MIMO as well as MU-MIMO transmission. As shown in Figure 2, dual-layer BF could be used in a number of transmission configurations:

1. Single-user MIMO (SU-MIMO)

2. Multi-user MIMO (MU-MIMO)

3. Multi-user MIMO with different beam transmitting to different UEs
Among the three configurations, the first two configurations are conventional SU-MIMO and MU-MIMO transmission configurations.  In the SU-MIMO transmission, the eNB transmits two beams to one UE, and dynamic rank (beam) adaptation could be supported. This means, depending on the rank feedback from UE or from channel measurement from uplink for TDD mode, the eNB could dynamically allocate one or two beams transmitting to the UE. For the 2nd configuration, which is a MU-MIMO transmission configuration, the eNB would transmit to two or more UEs simultaneously. This is based on conventional beamforming techniques and should work well if the difference in angles of arrival (AOA) of the UEs at the eNB are large enough. Dynamic rank (beam) adaptation could also be supported for the transmission to each UE. 
However, for the situation where the difference in AOA of both UEs at the eNB are not that large, if the 2nd configuration of MU-MIMO transmission is used, the beams transmitted to each UE could see strong cross-interference from the beams directed to the other UE. To reduce such cross-interference, different alternatives could be used. For example, the eNB could apply some pre-processing to suppress the interference or the UE could implement some interference estimation and suppression techniques. For such techniques, it would either require extra feedback from the UEs, or the UE needs to implement advanced receivers. A simple or straightforward solution would be to configure a different MU-MIMO configuration than the 2nd configuration, i.e., the 3rd configuration shown in Figure 2.  In this MIMO configuration, instead of transmitting two beams simultaneously to two UEs, the eNB transmits a different beam to each UE. For example, the eNB transmits beam #1 to UE #1 and beam #2 to UE #2. In such configuration, as the DRS on each beam is orthogonal to each other, there will be no cross-interference on the dedicated RS (DRS) among the beams for each UE. This would lead to more accurate channel estimation and improved performance.
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Figure 2: Dual-layer BF for SU-MIMO and MU-MIMO
In dual-layer BF system, it was agreed to adopt DRS for the demodulation.  That means the RS transmitted on each beam will experience the same beamforming operation as the data transmitted on that particular beam. It is further agreed that the DRS on each beam are orthogonal to each other. As shown in the example of Error! Reference source not found., 12 DRS could be allocated in one PRB pair, 6 of them will be transmitted on layer #1 (beam) and 6 will be transmitted on layer #2 (beam). DRS for different beams are FDM multiplexed.
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Figure 3: An example of DRS allocation for dual-layer BF
The flexibility in transmission configurations in Rel-9 would require corresponding control signaling design.  For the first two transmission configurations described here, as both beams are transmitted to the same UE, a similar DCI format as Rel-8 could be used, which will include transmit rank information (TRI). The UE could then find the corresponding DRS for demodulation on each beam. For the third configuration, however, which is a new MU-MIMO transmission, the situation could be different.  In such configuration, as two different beams are transmitted to two UEs, each UE will receive a different beam.  If only TRI is signaled to the UE, the UE won’t know which beam it is receiving and therefore will not know the location of the corresponding DRS for demodulation. This issue could also be looked at from another angle. As DRS port on each beam is different and they are orthogonal to each other, if each UE receives a different beam, that means they should be informed of the corresponding DRS port on that beam for demodulation. As two beams or two DRS ports could be transmitted in dual-layer BF system, 1-bit signaling could be needed to indicate the beam index or DRS port in the DCI format.
From the above analysis, it seems that to support all these MIMO configurations for Rel-9 dual-layer BF, different DCI formats may be needed. That could potentially lead to either additional mode configurations or more blind decoding on the PDCCH, which is highly undesirable especially from a UE perspective.
3. A unified DCI signaling to support dual-layer BF
The dual-layer BF transmission configurations mentioned above could be managed by the eNB and signaled to the UE semi-statically through high-layer signaling similar to transmission mode configurations. The drawback for such an approach could be that first, new high-layer signaling should be defined for such purpose; second, it will prevent the possibility of dynamic switching between different configurations, which is highly expected especially for some circumstances. On the other hand, it is desirable that dynamic switching between different configurations should be transparent to the UE, namely, the UE doesn’t have to be aware of such switching. For example, for the dynamic switching between SU-MIMO and MU-MIMO transmission configurations, the UE does not have to be informed or be aware of such switching. This means that the UE does not have to know, in any sub-frame, it is receiving PDSCH transmission from the eNB as a single user, or it is receiving PDSCH transmission from the eNB while the eNB also transmits to another UE on the same resource. 
Introducing too many transmission configurations or additional blind decoding on PDCCH would inevitably increase the complexity at both eNB and UE sides. It is highly desirable to introduce a unified control signaling format which could support all SU-MIMO and MU-MIMO configurations for Rel-9 while making the switching between such configurations transparent to the UE.
As analyzed before, to accommodate all the transmission configurations proposed for dual-layer BF, the index of transmission beam instead of transmission rank should be signaled to the UE. To achieve such goal, a simple signaling design shown in Table 1 could be used,  where a 2-bit bitmap of beam index is used to indicate which beam is transmitted to the UE. The benefit of such signaling could come from several aspects:

1. It explicitly signals to each UE the beam(s) being used for its PDSCH transmission

2. It implicitly signals the rank information to the UE for its PDSCH transmission by counting the number of 1’s in index bitmap, as shown in Table 1
3. It not only supports both SU-MIMO and MU-MIMO configurations using one or two beams, it also supports MU-MIMO configuration which transmits different beams to different UEs. 

	Beam index bitmap (2-bits)
	Interpretation
	Transmission Rank 

	[ 1 0]
	beam  #1 is transmitted
	1

	[ 0 1]
	beam #2 is transmitted
	1

	[ 1 1]
	Both beams are transmitted
	2


Table 1: Beam index indication for dual-layer BF

The above signalling could also be viewed as the signalling for DRS ports as DRS port on each beam are orthogonal to each other, and there exists a one-to-one mapping between the beam and the DRS port. Signalling of [1 0] would simply indicates to the UE to use DRS port 0 for the demodulation, while [0 1] informs UE to use DRS port 1 for demodulation.  For [1 1], both DRS ports 0 and 1 should be used for demodulation.
As dual-layer BF is a new transmission mode, a new DCI format could be defined or an existing Rel-8 DCI could be reused with some modification. Among existing Rel-8 DCI formats, it seems the closest match would be format 2A [3].  For format 2A, all the rest of signaling bits could be reused, while the 2-bits precoding field for 4 antenna ports could be replaced by the 2-bit beam index field for beams or DRS ports indication as described earlier.

An alternative for the signalling as shown in Table 2 could used 2-bit to signal both layers and total transmission rank.

Table 2: Combined Layer and total transmission rank  for  2-layer transmission
	Index
	Bitmap indication of layers
	Per UE transmission rank
	Total transmission rank
	Mode

	0
	[ 1 x]
	1
	1
	SU-MIMO

	1
	[ 1 0]
	1
	2
	MU-MIMO

	2
	[ 0 1]
	1
	2
	MU-MIMO

	3
	          [1  1]
	2
	2
	SU-MIMO


Note: “x” in the table indicates layers not transmitted

If transport block (TB) information in Rel-8 DCI format 2/2A is considered, then rank-2 SU-MIMO with bitmap of layers of [1 1] in Table 2 does not need to be signalled and this index could be reserved for other purpose. To be for specific, the following steps could be used to determine the signalling:

· If  both TB are enabled, no explicit signal is needed as this implies that rank-2 SU-MIMO will be transmitted

· Else if only one TB is enabled, using signalling in Table 3. 

As there exists one-to-one mapping between layer and DRS ports, such signalling could also be used to signal the DRS ports, and in Table 3, 
[image: image4.wmf]0

port

 and 
[image: image5.wmf]1

port

are DRS ports corresponding to layer 0 and 1, respectively.
           Table 3: Combined Layer and total transmission rank  for  2-layer transmission

	Index
	Bitmap indication of layers
	Total transmission rank
	Mode
	DRS port

	0
	[1  x]
	1
	SU-MIMO
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	1
	[1  0]
	2
	MU-MIMO
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	2
	[0  1]
	2
	MU-MIMO
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	3
	Reserved


Note: “x” in the table indicates layers not transmitted

By using the signalling method as shown in Table 2 and Table 3, both transmit layers and total transmission rank could be signalled together. It should also be noted that in addition to transmit layer and total transmission rank, the SU-MIMO or MU-MIMO mode information is also signalled as well.

In summary, the methods of signaling described in this section would make all transmission configurations for dual-layer BF transparent to the UE for different transmission configurations, which is highly desirable.

4. Conclusion

In this paper, some signalling aspects for Rel-9 dual-layer BF were discussed. It is suggested that to support the flexibility in MIMO configurations for dual-layer BF, a unified signalling and DCI format could be introduced to signal the beam index (DRS port) instead of rank information. Such signalling could require 2-bit and would allow dynamic switching between different MIMO configurations for dual-layer BF and make such switching transparent to the UE. 

If detail signaling could not be agreed at this stage, some design principles could be discussed in the following aspects, which would help with reaching the final conclusions in the future.
1. Whether PDCCH should be used to signal the use of SU-MIMO or MU-MIMO transmission to UE in a given subframe 

2. Whether PDCCH should be used to signal the DRS ports that a UE may use to decode PDSCH in a given subframe 

3. Whether the signal design of Rel-9 dual-layer BF could consider together with Rel-10 signal design as forward compatibility requirement
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