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1	Introduction
In the MUST study item, the scope has been decided to consider the case that the UEs paired will share the same precoding matrix. It is also allowed one UE to use a subset of columns of the precoding matrix of the other UE.
In this document, we propose a signal constellation and mapping design for MUST under the above restriction. In addition to that, we also propose signaling support for MUST operation.
2	Design for Shared Spatial Layer
2.1	MUST Constellation Design
Under the condition that the same precoding matrix is used for both UEs, the signal can be written as follows:

Where  is the UE index,  is the power split for UE  and ,  is the signal targeting UE ,  is the channel to UE ,  is the common precoding matrix used, and  is the noise seen at UE . Without loss of generality, we can assume UE 0 is weaker than UE 1. For constellation design, let’s assume both  and  are scalars.
In this document, we consider the following problems 
· How to select the power split , 
· How to pick the constellation for  and 

The above two choices will decide the shape of combined constellation of  .
[image: C:\jingsun\projects\Espresso\studies\cap.emf]
[bookmark: _Ref415775685]Figure 1. Normalized Capacity Region of a SIMO System as a Function of SNR Pair

In Figure 1, we shown the normalized capacity region for a SIMO with different SNR pairs. The UE0 SNR is fixed to be 0dB, and UE1 SNR varies. The capacity region is normalized in both x and y axis by the single user rate. Thus the maximum normalized rate is 1. As we can see, the capacity region is convex and becomes larger when the SNR different is larger. In the figure, we also show the rate pair locations correspond to =0.7, 0.8 or 0.9 for each SNR pair.
In general, any power split  can work, and , , can use any uniform constellation such as QPSK, 16QAM, 64QAM, and 256QAM, that the SNR that layer can support. We can even apply a rotation to the EL constellation relative to the base layer constellation. 
As can be seen in Figure 1, different  translate to different rate tradeoff between the two UEs along the capacity line.
[image: C:\jingsun\projects\Espresso\studies\tmp.emf][image: C:\jingsun\projects\Espresso\studies\tmp.emf]
(a)                                                                                   (b)
[bookmark: _Ref415856916]Figure 2. PFS Metric Maximizing , (a) SNR0=0dB, (b) SNR0=10dB
However, not all  are interesting, when fairness is considered. When we consider a proportionally fair scheduler for the SIMO problem, and assume the UE average rate is the single user rate, the multi-user PFS metric is actually the sum of normalized rate for the two UEs. The multi-user PFS is maximized at the point on the capacity curve in Figure 1 with slope -1. The PFS metric maximizing  is as shown in Figure 2. Here are some observations:
· The value is SNR dependent and is typically in the range of 0.6 to 0.95. 
· The optimum  increases with larger SNR gap
· The optimum  increases with when both SNR increases

From Figure 1, we can see the slope of the capacity curve does not change fast, which seems to imply the PFS metric is not very sensitive to  choice. Therefore, in Figure 2, we also show the range of  when we relax the PFS metric gain over single user scheduling by 10%. More precisely, if the maximum PFS metric is , the metric gain over single user scheduling is . If we relax the gain by 10%, we will have a PFS metrix gain of , and the corresponding PFS metric is 

The 90%  range is the  such that the PFS metric of  is achieved. As we can see, the band is quite wide. This implies that, given SNR pair, it is enough to have one power split, instead of having many choices, which would complicate the design.
If we start from a uniform constellation, and split it into a base layer constellation for weaker UE and an enhancement layer constellation for stronger UE, it turns out the  naturally falls into the range with good PFS metric. We don’t need non-uniform combined constellation to provide finer power split control.
· 16QAM=QPSK(BL) x QPSK(EL): 
· 64QAM=QPSK(BL) x 16QAM(EL): 
· 64QAM=16QAM(BL) x QPSK(EL): 
· 256QAM=QPSK(BL) x 64QAM(EL): 
· 256QAM=16QAM(BL) x 16QAM(EL): 
· 256QAM=64QAM(BL) x QPSK (EL):  

Another benefit of using a uniform combined constellation is that we can leverage existing functionality in the transmit and receive chains.
The resulting design is known as Bit Division Multiple Access (BDMA) in the literature.
The above discussion is assuming rank 1 transmission. The same arguments apply to rank 2 transmission, either treating the other spatial layer as interference, or decode and cancel the other spatial layer.
Proposal:
1. Use uniform 16QAM, 64QAM, and 256QAM as combined constellation for MUST.
2. Consider 6 ways to split the combined constellation into base layer and enhancement layer constellations: 16QAM=QPSK(BL) x QPSK(EL), 64QAM=QPSK(BL) x 16QAM(EL), 64QAM=16QAM(BL) x QPSK(EL), 256QAM=QPSK(BL) x 64QAM(EL), 256QAM=16QAM(BL) x 16QAM(EL), and 256QAM=64QAM(BL) x QPSK (EL)

2.2	Constellation Mapping Design
In the previous section, we proposed to use existing uniform 16QAM, 64QAM, and 256QAM as the combined constellation for MUST. Given the constellation design, we still need to define the bits to constellation mapping as defined in Section 7.1 of [1]. 
Different bits to constellation mapping will affects the LLR computation in the receiver. One straight-forward design is simply use the mapping for the component constellations and directly combine signal together. For example, if we need to use QPSK (BL) x QPSK (EL), we use the bits to constellation mapping defined for QPSK in Section 7.1.2 of [1] for both BL and EL, and directly combine them. The problem with this approach is the LLR computation block in the receiver needs to be modified at the enhancement layer UE, and the combined constellation is not Gray mapping anymore.
Here we propose to still use the original mapping defined for 16QAM, 64QAM, and 256QAM defined in Section 7.1 of [1], just assigning different bits to different UEs. Still use the 16QAM as example. Each modulation symbol is mapped to 4 bits, . We will assign  and   to base layer UE, and assign  and  to enhancement layer UE.
Proposal:
3. Use the existing bits to modulation symbol mapping for combined constellation for MUST	
3			Signaling Support for MUST Operation
In this section, we will consider the signaling support to serve two UEs in MUST fashion as described in Section 2. We will consider precoding matrix usage, MCS, TPR etc.
Consider at least in the beginning of the deployment, most of the UEs in the system are legacy and do not have MUST signaling support, we should require the MUST signaling design to be backward compatible in the sense that legacy UE can be served with the BL of MUST operation.
For the simplicity of the signaling, we also apply the restriction that the set of RBs assigned to the two UEs are the same.
Proposal:
4. The MUST signaling design should allow legacy UE to be served in the BL
5. The same set of RBs are assigned to the BL and EL UEs
3.1 Spatial Layer Usage
As defined in the SID, the two UEs can have the same precoding matrix, which is formed by a set of columns of a base precoding matrix, or one UE can use a subset of columns of what the other UE is using. Since typically the EL UE has higher SNR than the BL UE and there is higher chance for EL UE channel to have equal or higher rank than the BL UE channel, we further enforce the restriction that either BL UE uses the same set of columns of base precoding matrix as the EL UE, or the BL UE uses a subset of columns of the base precoding matrix as the EL UE.
Given a codebook of base precoding matrices, for a new UE served in EL, it is necessary to know which base precoding matrix is used and which set of columns of the base precoding matrix is assigned to it and which set of columns of the base precoding matrix is assigned to the BL UE. These information can be signaled with a base precoding matrix index and two bitmaps for spatial layer usage for itself and the other UE. In the case that the number of antennas is large, and there is need to compress the number of bits used for the bitmaps, we can design a subset of bitmaps, and send the indices to the bitmaps, instead of the bitmaps themselves.
In the case that the BL UE is a legacy UE that does not understand MUST signaling, the base precoding matrix codebook can be the Rel-8 precoding matrices (either 2TX or 4TX). The BL UE will be granted with the legacy format. For 2TX case, we have the full flexibility to select one of the two base precoding matrices and any column combinations of the selected base precoding matrix. For 4TX case, the legacy DCI format has the limitation that only a subset of spatial layer usage is allowed. In either case, the spatial layer usage of the BL will be translated to the new bitmap form and send to the EL UE in the new format. The EL UE does not need to know the BL UE is legacy.
On the other hand, if the BL UE is also new UE, we can use the new format for the grant, with potential performance improvement as more information is available. In this case, both UEs are new, and we don’t need to be restricted to the Rel-8 precoding matrix codebook.
Proposal:
6. Either BL UE uses the same set of columns of base precoding matrix as the EL UE, or the BL UE uses a subset of columns of the base precoding matrix as the EL UE.
7. The PMI information for EL UE is in the form of a base precoding matrix index and two bitmaps for spatial layer usage for BL and EL UEs respectively.
3.2 Modulation Order Information
As in legacy design, the self modulation order is implied by the MCS in DCI. However, for EL UE, it is critical to know the modulation order of the BL UE. The power split in the shared spatial layer is decided by the modulation order pair of the spatial layer. Then it is necessary to let the EL UE know the modulation order of the BL UE in each spatial layer. However, the EL UE does not need to know the exact MCS of the BL UE. 
Given the spatial layer usage information described in Section 3.1, the EL UE already knows which spatial layers the BL UE will use. If the BL UE is rank 1, we only need one modulation order field, encoded as follows:
	Field Content
	Modulation Order

	00
	QPSK

	01
	16QAM

	10
	64QAM

	11
	Reserved



If the BL UE is rank 2 and above, it can be either using SCW or MCW, and in the latter case, there are two modulation orders. A simple design is use two modulation order fields of 2 bits each. For the MCW case, these two fields can be different and for the SCW case, they are the same. In this design, the worst case scenario we will need 4 bits. An alternative design can be using 1 bit to indicate the BL UE is using SCW or MCW, then add one 2 bit modulation order field for SCW case and two 2 bit modulation order fields for MCW case. Though for SCW case, only 3 bits are needed, the worst case scenario is MCW case where 5 bits are needed.
If the BL UE is new UE, it is also helpful performance wise to provide the modulation order information of the EL UE with the same signaling structure. On the other hand, if the BL UE is legacy, the EL UE modulation order is not required, though there might be some acceptable performance loss.
Proposal:
8. The modulation order information is provided to the other UE in the form of one or two modulation order fields. Two 2 bit modulation order fields are used for both SCW and MCW cases when BL rank is larger than 1. One 2 bit modulation order field is needed when the other UE is rank 1.

3.3 TPR Signaling
The legacy UE will follow TPR signaled. To support legacy UE as BL, we need to follow the same design. More precisely, the legacy UE will use legacy TPR definition. The TPR used for the BL UE has to be signaled to the EL UE as well, so it will know the power of the BL in each spatial layer. Follow the proposal in Section 2, when we use a uniform combined constellation for shared spatial layer, the power split is determined by the modulation order pair. Then given the known modulation orders and the BL power, the EL power can be derived. Therefore there is no need to explicitly signal the EL power in the shared spatial layer.
On the other hand, if there are spatial layers used for EL only, the design in Section 2 does not restrict the power level of these spatial layers. For the convenient of signaling, we can define another TPR, TPR_EL, that is the power ratio of the EL only spatial layer to the RS, either CRS or DM-RS. 
[bookmark: _GoBack]An example is shown in the next figure. In this example, the BL UE has 2 spatial layers and EL UE has 4 spatial layers. The BL part of the two shared spatial layer have equal power and the power is decided by TPR. Note that these two BL parts may have different modulation order when MCW is used. The two EL parts in the shared spatial layer may have different modulation order as well. As a result, the two shared spatial layers may have different modulation order pairs in BL and EL, which lead to different power split between the BL and EL part under BDMA. Since we enforce the BL part power to be the same in these two shared spatial layers, the power of the EL part in the shared spatial layers are can be different.[image: ]
Figure 3. Example of TPR and TPR_EL usage
There are two EL only spatial layers. The power of these two spatial layers are the same and are determined by the TPR_EL.

Proposal:
9. The power of the BL part of shared spatial layer is determined by legacy TPR.
10. The power of EL only spatial layer is determined by the TPR_EL.

4			Conclusions 
This document proposes a design for constellation of MUST and bits to modulation symbol mapping. It also proposes signaling support for MUST operation that supports legacy UE as BL.
Proposal:
1. Use uniform 16QAM, 64QAM, and 256QAM as combined constellation for MUST.
2. Consider 6 ways to split the combined constellation into base layer and enhancement layer constellations: 16QAM=QPSK(BL) x QPSK(EL), 64QAM=QPSK(BL) x 16QAM(EL), 64QAM=16QAM(BL) x QPSK(EL), 256QAM=QPSK(BL) x 64QAM(EL), 256QAM=16QAM(BL) x 16QAM(EL), and 256QAM=64QAM(BL) x QPSK (EL).
3. Use the existing bits to modulation symbol mapping for combined constellation for MUST.
4. The MUST signaling design should allow legacy UE to be served in the BL.
5. The same set of RBs are assigned to the BL and EL UEs.
6. Either BL UE uses the same set of columns of base precoding matrix as the EL UE, or the BL UE uses a subset of columns of the base precoding matrix as the EL UE.
7. The PMI information for EL UE is in the form of a base precoding matrix index and two bitmaps for spatial layer usage for BL and EL UEs respectively.
8. The modulation order information is provided to the other UE in the form of one or two modulation order fields. Two 2 bit modulation order fields are used for both SCW and MCW cases when BL rank is larger than 1. One 2 bit modulation order field is needed when the other UE is rank 1.
9. The power of the BL part of shared spatial layer is determined by legacy TPR.
10. The power of EL only spatial layer is determined by the TPR_EL.
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