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1
Introduction
In the approved WID for MUST [1], the following 3 cases are identified:

· Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

· Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

· Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different.
In this paper, we consider some design consideration of MUST.
2
Discussion
In this contribution, we focus on the following issues:
· Requirements
· Signaling support

· Transmission modes

2.1  Requirements

From previous study, it is a common understanding that the system MUST gain depends the chance we can find a good pairing of UEs. In general, gains from MUST are achieved when the eNB can pair a relatively low geometry UE and relatively high geometry UE. To have better chance to achieve this gain, the scheduler should have enough flexibility to pair UEs. Otherwise, if only a few UEs can be paired, and depending the random traffic arrival of these UEs, the chance MUST be actually used in a subframe may not be high enough to achieve the gain promised. Therefore, we believe the following requirements are necessary to make MUST successful:
· A legacy UE shall be able to be used as MUST-far UE: If we rule out this case, at least in the beginning of the deployment, when not many UEs have the MUST capability, the MUST usage will be low. On the other hand, a new MUST capable UE can be served as MUST-far or MUST-near UE. When an UE is being configured as MUST-near UE, it should be always able to be served in single user fashion any time. The switching shall be dynamic.
· Reasonably dynamic pairing should be supported: We do not want a fixed pairing or a very limited choices of pairings. The pool of UEs for a UE to be paired with should be large enough such that the chance for one of the pairing candidates has traffic to send is high.
· Do not restrict the MUST-far and MUST-near UEs to be fully aligned in RB assignments. However, to avoid introducing too much complexity, we may introduce some restrictions, for example:

· The RB assignment of one UE is a subset of the RB assignment of the other UE
· Might be possible for a UE to be paired with multiple UEs in different RBs or different spatial layers
Proposal 1. Reasonably dynamic pairing to be supported, and scheduler restriction to pair UEs needs to be kept to minimum, including:

· Allow legacy UE to be served as MUST-far UE; 
· A UE RRC configured to be in MUST mode can dynamically be served in single user fashion as well; 
· Do not require the MUST-far and MUST-near UEs to have the same RB assignment;
· Allows a UE to be paired with more than one other UE, including within one RB over different spatial layers.
2.2  Signalling Support

There were extensive discussion on what kind of information the MUST-near UE will need to perform proper cancellation of the MUST-far UE signal. The set of information depends on the interference cancellation algorithm used at MUST-near UE, and the MUST category used. For example, if the MUST-near UE receiver performs CWIC, it will need to know the full information about MUST-far UE PDSCH, including RNTI, MCS, RB assignment, RVID etc. On the other hand, if the MUST-near UE only performs SLIC or RML, it will be enough to know the modulation order and RB assignment of the MUST-far UE. Blind detection can estimate some parameters, but may not be robust enough especially when the RBs for different UEs are not fully aligned. In addition to that, the blind detection of parameters will burn extra power and reduce the battery life of the UE. Detail of proposed signaling design can be found in a companion paper in [2].
Proposal 2. Provide signaling support to inform the UE the necessary other UE PDSCH information.
2.3 Superposition Transmissions
The WID listed 3 cases for further study. 

· Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

· Restricted to 2 TX CRS

· Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

· Restricted to 2 TX CRS
· Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different 

· Up to 4 TX CRS or 8 port UERS

Case 1 is up to 2 CRS ports and common precoder. Case 3 is up to 4 CRS ports or up to 8 UERS ports with different precoders. If we compare the PDSCH transmission, case 1 is a special case of case 3 when the precoders for the two UEs “happen” to be the same. The only benefit of case 1 is there might be some saving in the signalling, as there will be less MUST-far UE PMI information to be carried. More precisely, for the MUST-near UE, its own PMI implies a smaller subset of the MUST-far UE PMI. If the MUST-near UE is rank 2, and we allow the MUST-far UE to be rank 1, there will be two possible PMIs for MUST-far that needs to be signalled. If the MUST-near UE is rank 1, the PMI of the MUST-far UE is the same as the PMI of the MUST-near UE, thus there is no need to signal that. Even though there are some benefit in signalling payload reduction, it is not substantial, Then it seems not worthwhile to have a special design to handle case 1 given a design to handle case 3.
In case 2, both MUST-far and MUST-near UEs are using transmit diversity. However, when we pair a high geometry UE and a low geometry UE, typically it is not efficient to transmit PDSCH in SFBC mode to the high geometry UE. In other words, the MUST gain from case 2 may not be large and it may deserve a special design, if we can find a general design cover that as a special case, even if the signalling overhead is slightly larger.
All the cases in WID requires the transmission scheme between the two UEs to be the same. This will reduce the chance two UEs can be paired, as typically, the low geometry UE is either using SFBC for transmit diversity or some kind of beamforming scheme for beamforming gain, and the high geometry UE is using spatial multiplexing for high spectrum efficiency. Forcing the transmission schemes used by the low and high geometry UEs to be always the same will very likely reduce the MUST gain. This is especially true after the current agreement removed the restriction that the same precoder is to be used.

To summarize, we have the following observations.

Observation 1. The Case 1 in WID is a special case of Case 3 and the additional gain provided by Case 1 may not deserve a special design.
Observation 2. The Case 2 in WID may not provide enough MUST gain to deserve a special design.

Observation 3. Forcing the same transmission scheme to be used will likely reduce the MUST gain.

As a result of these analysis, we have the following proposal:

Proposal 3. Support at least some mixed use of transmission schemes, including transmit diversity MUST-far with spatial multiplexing MUST-near in Case 3.
Among the 3 cases defined for MUST, there are many variations. For simplicity of design and implementation, we do not want to have one special design for each combination.
Proposal 4. For signalling support, consider a single design that covers all cases of superposition transmission for MUST.
3
Conclusions 
Based on the discussion presented in the paper, we outlined specific issues that need to be considered for MUST operation. We have the following observations and proposals.
Observation 1. The Case 1 in WID is a special case of Case 3 and the additional gain provided by Case 1 may not deserve a special design.
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Observation 2. The Case 2 in WID may not provide enough MUST gain to deserve a special design.
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Observation 3. Forcing the same transmission scheme to be used will likely reduce the MUST gain.
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Proposal 1. Reasonably dynamic pairing to be supported, and scheduler restriction to pair UEs needs to be kept to minimum, including:

· Allow legacy UE to be served as MUST-far UE; 
· A UE RRC configured to be in MUST mode can dynamically be served in single user fashion as well; 

· Do not require the MUST-far and MUST-near UEs to have the same RB assignment;

· Allows a UE to be paired with more than one other UE, including within one RB over different spatial layers.


Proposal 2. Provide signaling support to inform the UE the necessary other UE PDSCH information.

Proposal 3. Support at least some mixed use of transmission schemes, including transmit diversity MUST-far with spatial multiplexing MUST-near in Case 3.
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Proposal 4. For signalling support, consider a single design that covers all cases of superposition transmission for MUST.
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