3GPP TSG RAN WG1 Meeting #59
                                           

                R1-094457
Jeju, Korea, 9th – 13th November, 2009

Title: 
Further Discussion on Signaling of DM-RS Port for LTE-A MIMO Transmission
Source: 
Research In Motion, UK Limited

Agenda Item:
7.5.1.4
Document for: 
Discussion and Decision
1. Introduction
In Rel-8, MU-MIMO transmission is supported in downlink transmission by using transmission mode 5 [1]  .Other than the power scaling, this MU-MIMO scheme is almost the same as a closed-loop single user MIMO (SU-MIMO) scheme without any special treatments for MU-MIMO, such as interference suppression at UE; therefore, its performance is not optimized. 

In LTE-A, to enhance the performance, many new features are introduced. Among them, it is specified that DM-RS should be precoded the same way as for data, that makes these RS become dedicated RS (DRS) [2]. The introduction of DRS in LTE-A could facilitate the use of MU-MIMO in LTE-A with enhanced performance as discussed in [3]. 
Before fully exploiting the benefit of MU-MIMO in LTE-A, some issues should be resolved. This is because unlike SU-MIMO, there exists flexibility in MU-MIMO configuration and transmission in terms of layer assignments and such mixed layer transmission could not be supported by current Rel-8 control signaling, which only contains information of transmit rank (TR). For LTE-A, as DRS are used for SU-MIMO and MU-MIMO transmission as DM-RS, and DRS on different layers are orthogonal to each other, rank information is not sufficient for the UE to perform the demodulation. As shown in Figure 1 as an example, two sets of DRS for layers 1-2  are orthogonal to each other by CDM. If eNB configures the MU-MIMO transmission to two UEs, each with a different layer, then simply signaling to the UE the rank-1 transmission is not enough, as each UE must also know on which layer it is going to receive the transmission, and use the appropriate orthogonal covering code for its channel estimation and demodulation.
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Figure 1:1-2 layer DM-RS pattern for LTE-A

The other aspect of the issue is that SU-MIMO and MU-MIMO are two separate transmission modes in Rel-8. Mode switching between these two is semi-statically configured and signaled through higher-layer (RRC) signaling in Rel-8 and two different DCI formats are specified to support these two modes. There are many historic reasons that SU-MIMO and MU-MIMO are configured as two separate modes in Rel-8 and one of them is the difference in power level signaling. In LTE-A, it is desirable to have these two modes merged into one MIMO mode as that would allow the support of dynamic switching between SU-MIMO and MU-MIMO without the awareness of the UE. Such desire would require however that a unified DCI format be supported for both SU-MIMO and MU-MIMO.
In this paper, we continue our discussion in [3] on the signaling of DM-RS ports to support both SU-MIMO and MU-MIMO in one unified format by proposing one more method. Further possible investigation directions are also listed in the conclusion to facilitate future discussion on this subject. 
2. Methods of signalling of DM-RS-ports 
In the following subsections, several methods of signaling of DM-RS ports are discussed, among them, methods 1 and 2 have been introduced in [3], and here are reiterated for information and comparison purpose. A new method, method 3 is introduced as an alternative solution. It should be noted that as DM-RS ports from each transmission layer are orthogonal to each other in LTE-A, signalling of DM-RS ports could also be viewed as signalling the corresponding layers.
2.1. Method #1: Bitmap approach

A simple and straightforward way to signal the transmitted layers in downlink control signal is to use the bitmap. For total two-layer transmission, a 2-bit bitmap could be included in the DCI, bit “1” means the corresponding layer is specified for transmission, while bit  “0” means that layer is not specified for the transmission. To be more specific, 

· [1 0]  -- meaning layer #1 is specified for transmission

· [0 1]  –  meaning layer #2 is specified for transmission

· [1 1] – meaning both layers are specified for transmission

As in Rel-9 and LTE-A each layer has its corresponding DM-RS pattern, after receiving such layer information, the UE should be able to use the corresponding DM-RS to demodulate the corresponding layer. For SU-MIMO, all the above three bitmaps could be used to indicate single-layer transmission or full-rank transmission. For MU-MIMO transmission where two users could be scheduled at the same time, if each UE is scheduled to receive on a different layer, then bitmap [1 0] could be signalled to UE #1 and bitmap [0 1] could be signalled to UE#2. 

The above bitmap not only contains the layer information, it also contains transmitted rank (TR) information, as [1 0] simply means rank-1 transmission is scheduled, while [1 1] means full rank transmission is scheduled.

So such bit map signalling not only solves the issue that layer information is missing in the downlink control signal in Rel-8, but also makes SU-MIMO and MU-MIMO transparent to the UE, as the same DCI format could be used for SU-MIMO and MU-MIMO and a UE does not have to be aware if it is in SU-MIMO mode or in MU-MIMO mode

Table 1 summarizes the bit map indication of transmitted layer for a total 2-layer transmission. 

Table 1: Bitmap method for 2-layer transmission
	Layer index (2-bits)
	Interpretation
	Transmitted Rank (TR)

	[ 0 0 ]
	Reserved
	n/a

	[ 1 0]
	Layer (beam) #1 is transmitted
	1

	[ 0 1]
	Layer (beam) #2 is transmitted
	1

	[ 1 1]
	Both layers (beam) are transmitted
	2


Similarly, such a bit map method could be extended to total 4-layer transmission in LTE-A. For rank-4 transmission, a 4-bit bitmap could be used, and some examples are as follows.

· [1 1 0 0]  -- meaning layers #1 and #2 are specified for transmission (TR = 2)

· [0 1 0 0]  – meaning layer #2 is specified for transmission  (TR =1)

· [1 1 1 1] –  meaning all 4 layers are specified for transmission   (TR = 4)

Using the same convention, for total 8-layer transmission in LTE-A, an 8-bit bitmap could be used. 

To generalize, in the bitmap method, a bitmap is used with the number of bits being equivalent to the maximum number of layers that could possibly be transmitted. The total number of layers possibly being transmitted would be the same as the total number of virtual transmit antennas in a single cell transmission, or the total number of combined transmit antennas from different transmit points in CoMP transmission. Any bit in this bitmap could either use values “1” or value “0”, with value “1” meaning that the corresponding layer will be scheduled for the transmission, and value “0” meaning the corresponding layer will not be scheduled for the transmission. Such bitmap will be transmitted in associated DCI and could vary from subframe to subframe, reflecting the fact that different layers could be specified for transmission from subframe to subframe. 

2.2. Method #2: Grouping assignment approach

The bitmap approach covers all arbitrary layer selection combinations, which may not be necessary. A simplified alternative to the bitmap approach is to assign the layers to each UE together.  For example, if 3 UE will be assigned with n1, n2, n3 layers, then the first n1 layers could be assigned to the first UE, the next n2 layers could be assigned to the second UE, and the next n3 layers could be assigned to the third UE. 
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Figure 3: Group assignment approach

This can be further explained in detail by taking the example shown in Figure 3, where three UEs are transmitted to in MU-MIMO. The first UE will be assigned with 2 layers, the second UE will be assigned with 3 layers, and the third UE will be assigned with 3 layers as well. By following the method proposed in this section, the first UE will be assigned with layers 1-2, while the second UE will be assigned with layers 3-5, and the third UE will be assigned with layer 6-8. 

To signal such assignment, a pair of numbers, denoted by (n,m) could be defined, where n is the index of starting layer for each UE and m is the number of layers assigned to the UE. In this example, such pairs of numbers for each UE could be derived as follows assuming the layer index starts from 0. 

· UE #1, (0,2)

· UE #2, (2,3)

· UE #2, (5,3)

(n,m) can be signalled to the UE to indicate the layer assignment. For total 8-layer transmission, the maximum value of n could be 8, and therefore requires 3-bits, the maximum number of layers for each UE could be 8, which also takes 3-bits, so the total bits to signal (n,m) would be 6-bits for 8-layer transmission. 

Table 2 summarizes the signalling bits of such approach for 4-layer and 8-layer transmissions. From the table, it can be noticed that for 4-layer transmission, there is no overhead reduction for such approach as compared with the bitmap approach. For 8-layer, however, such approach requires only 6 signalling bits, which is a 2-bit saving over the bitmap approach. 

Table 2: Number of signalling bits for grouping assignment approach

	Total number of transmission layers
	Bit for index of starting layer “n”
	Bit for number of layers for each UE “m”
	Total number of signalling bits

	4
	2
	2
	4

	8
	3
	3
	6


2.3. Method #3: Selected Layer approach

The bitmap approach described in method #1 is simple and straightforward. It covers all arbitrary layer selection combinations. However, not every arbitrary layer combination is meaningful and therefore, leaving some of them out should not impact the performance. 

To select certain layer combination without loss of generality, two main considerations could be taken into account
1. All transmission layer hypotheses for SU-MIMO could be included

2. In addition to those layer hypotheses selected for SU-MIMO, extra layer hypotheses for MU-MIMO could be added.

In addition, when eNB assigns MU-MIMO transmission, it will assign UE with the most number of layers first, followed by the UE with the second most number of layers etc, e.g., when eNB assigns two UE in MU-MIMO, with UE#1 having two layers, and UE#2 having three layers. eNB could assign layers 1-3 to UE#2 first, followed by assigning layers 4-5 to UE#1.

Table 3 shows such an example based on such considerations. It can be seen from the table that without loss of generality,  by signaling the index on the left-most column of the table, 3-bit are needed to signal all the possible layers combination for a total 4-layer transmission, that is a 1-bit saving over the methods 1 and 2 as described in the previous subsections. 
Table 3: Layer selection for total 4-layer transmission

	Index
	Bitmap Indications for layers
	Per-UE Transmission Rank 
	Modes

	0
	[1 0 0 0]
	1
	SU-MIMO/MU-MIMO

	1
	[0 1 0 0]
	1
	MU-MIMO

	2
	[0 0 1 0]
	1
	MU-MIMO

	3
	[0 0 0 1]
	1
	MU-MIMO

	4
	[1 1 0 0]
	2
	SU-MIMO/MU-MIMO

	5
	[0 0 1 1]
	2
	MU-MIMO

	6
	[1 1 1 0]
	3
	SU-MIMO/MU-MIMO

	7
	[1 1 1 1]
	4
	SU-MIMO


3. Conclusion

In this paper, signalling to support LTE-A MIMO transmission is discussed. It is believed that transmitted layers or DM-RS ports need to be signalled to each UE to support both MU-MIMO and SU-MIMO in LTE-A and to allow dynamic switching between these two transmissions.  Three simple and straightforward alternatives are described for such signalling. Further investigations could be conducted along the following directions
1. If the total rank of transmission should be signaled

2. How to utilize other information such as transport block information to facilitate the signal of layers (DM-RS ports)

3. The benefit of joint coding of the signaling for the layers and the ranks. 

The ultimate goal of designing such signaling is to use the least overhead to support all possible layer combinations of SU-MIMO/MU-MIMO transmission in one DCI format, and hence, allow dynamic switching between SU-MU MIMO transmission and benefit LTE-A MIMO performance.
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