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Introduction
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]In RAN plenary meeting #71, new work item proposal of Downlink Multiuser Superposition Transmission (MuST) has been approved for Rel-14 RAN4 core and performance studies [1]. In LTE Rel-11 LMMSE-IRC receiver was introduced and NAICS receiver was specified in Rel-12 to improve UE performance under interference-limited scenarios. In Rel-14, the system optimization concept under interference is extended to the intra-cell MU-MIMO interference scenario. The multi-user (MU) operation from both transmitter and receiver’s perspective has the potential to further improve system capacity. In order to define RAN4 study scope, two documents suggest the study direction. 
In accordance to the MuST WID [1] the UE receiver should be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases.
· 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. 
The RAN4 objectives for the WI Core part are:
· Case 1, 2 and 3, identify and agree on the parameter combinations that could be blindly detected jointly for MUST based on TR36.859 and RAN1’s recommendation.
Furthermore, in the previous RAN1 meeting multiple agreements on the MuST parameters were made and are summarized in the RAN1 LS to RAN4 R1-163836 [2]. In particular RAN1 agreements mention that:
· RAN1 has agreed that at least two co-scheduled UEs within a cell with up to two co-scheduled UEs per (a) spatial layer are supported.
Further RAN4 discussions and our view are shared in this contribution. 
RAN4 Study Scope in Rel-14 MuST Core Part 
The MU-MIMO scheme has been introduced through several LTE releases via transmission mode 5, transmission mode 9 and 10. The conventional MU-MIMO schemes provides throughput gains by utilizing spatial domain multiplexing in same time and frequency domain resources. In theory, the MU-MIMO gains scale linearly by the number of TX antennas. However, several problems such as the residual multi-user interference have been identified in an intra cell. In the meantime, 3GPP has studied NAICS UE designs for inter cell interference scenario, so the UE with NAICS is supposed to equip with interference cancellation from other BSs. Although the UE detection process removing the inter cell interference appears similar as intra cell interference cancellation, the MU usecases in an intra-cell seems unique and quite different from inter cell interference in network behavior point of view. First of all, the transmission parameter signaling in an intra cell will be easier than an inter-cell. Since the MU are scheduled in a same BS, the eNB can signal the scheduling and transmission parameters. Therefore, RAN4 starts from discussion on two feasibilities for eNB and UE operations (i) eNB signaling on MU-MIMO transmission parameters, (ii) UE estimation capability on MU-MIMO transmission parameters.
Observation 1 : eNB’s transmission parameter signaling in an intra cell is easier than inter-cell use cases. Since the MU are scheduled in a same BS, the eNB can signal the scheduling and MuST parameters. 
If RAN4 does not conclude common UE behaviors of the parameter estimations, eNB signaling can be one of the feasible solutions. We think that involving eNB signaling is a reasonable approach to build a practical and feasible MuST networks and UEs. Perhaps, concerns on signaling overhead may be raised, so RAN4 can further discuss on it too. 
The blind detection accuracy requirement for MuST UE is more critical than NAICS UEs. In NAICS, there is still a good chance for a UE receiver to fallback to LMMSE-IRC to decode PDSCH when UE blind detection fails. For the MuST UEs, there is no chance for a MUST-near UE to decode serving PDSCH if detection fails. This is another reason that considering eNB signalling also very important to help UE’s robust performance. 
We find similarity of detection algorithms between MuST UE and NAICS UE. In Rel-12 NAICS study, RAN4 has studied performance of SLIC and CWIC. However, MuST and NAICS are independent features. For baseline detection algorithms discussion, NAICS UE implementation is not necessarily to be a pre-requisite or UE assumption.
In the MuST SI TR 36.859 and RAN1 LS [2], multiple MuST parameters are stated to be required for MuST UE demodulation. In the Rel-14 MuST core phase, RAN4 can start discussion to set priority of parameter estimation or signaling. Depending on RAN4 discussion not all of them need to be estimated or signaled. In order to identify the parameter estimation or signaling, the UE detection behaviors must be discussed first. RAN1 LS states about evaluation assumption as
RAN1 also has agreed that at least QPSK is supported as the modulation scheme of a MUST-far UE, and whether or not to support 16QAM for MUST-far UEs is FFS in Case 1 and 2.  For the system-level evaluation, RAN1 has the following assumptions.
· For 2Tx & Case 1 and 2, up to two co-scheduled UEs per spatial layer are considered
· For 2Tx & Case 3, up to two co-scheduled UEs within a cell are considered
· For 4/8Tx & Case 3, up to four co-scheduled UEs within a cell are considered
Note that the above scheduling options may be considered per PRB, per group of PRBs, or per scheduled UE’s bandwidth
For RAN4, we prefer to study 2-TX and 2-RX case, but 4-TX and 8-TX cases can still be considerable. MuST UE behaviors won’t be changed due to the number of TX. However, the number of co-scheduled UEs are very important for performance. We propose to consider up to 2 UEs co-scheduled. Each UE is scheduled per one spatial layer as RAN1 agreement. MuST UE computation complexity is determined on the number of UEs and the number of spatial layers. In the RAN4 core discussion, the receiver complexity must be taken into account together with the UE co-scheduling and layer settings.

Proposal 1 : We propose to prioritize study scopes with up to 2 UEs co-schedule. Each UE is scheduled per one spatial layer. 
Proposal 2 : MuST receiver complexity discussion must be involved in the core discussion. MuST UE complexity issues are mainly from (i) the number of co-scheduled UEs, (ii) the number of MIMO layers, (iii) MuST parameter estimations.
Also, MU-MIMO scheme has been introduced through several LTE releases via TM 5 and TM9 and 10, we propose to start core discussion based on TM5 and TM9. TM10 does not have core difference in aspect of MU-MIMO. 
Proposal 3 : Start RAN4 core discussions based on TM5 and TM9. 

MuST UE Detection Overview
As discussion, depending on discussion on baseline MuST detection behaviors, importance of parameter estimations or signaling can be identified. Hence, we want to start with UE behavior overview.
TR 36.859 has defined a near-UE and a far-UE in MuST scenarios. Each type of the UEs has specific detection behaviors based on parameter estimation assumptions. However, before mentioning about a near or a far UE specific behaviors, a MuST UE does not know whether the UE itself is a near or a far UE. Therefore a UE must be aware of two situations (i) if it is multi users scheduling circumstance or not, (ii) Based on it if the UE is a near UE or a far UE. Such scenarios can be signaled by eNB or detected by a UE and additional RAN4 studies are needed on this aspect.
Proposal 4: Further study whether network assistance or blind detection is needed for the identification of the MuST MU-MIMO scenario.
Proposal 5: For MuST Case 1, 2, further study whether network assistance or blind detection is needed for identification of near/far UE conditions. Clarify a near- or a far-UE identification criteria.

Near-UE detection scenario
[image: ]If a MuST UE identifies itself is a near UE, further discussion is followed for a near UE baseline receiver. For a near UE, knowledge of modulation and power allocation of users are essential. 
 

Far UE information




Figure 1 : near UE constellation
[bookmark: _GoBack]One important requirement of the near UE is the far-UE information detection. Also, any type of fallback behavior is hard to be defined. 
+ n     (1)

For case 1 and case 2,

For case 3,


Based on the detection setups of eq (2) and eq (1), possible candidate of baseline detections are R-ML jointly detection on . From (1), SLIC detection can be applicable like NAICS UE. For case 3, the channel can be pre-coded with different pre-coder, separate channel estimation per a near and a far is required.
Observation 2: For a near UE, knowledge of modulation and power allocation of users are essential. Based on the knowledge of these parameters either R-ML or SLIC receivers can be applied to handle the interference.
Since a far UE information detection is critical to the near UE, network can provide assistance information. In order to improve the far UE information detection accuracy, pre-coders and power allocation information of users can be signaled. For the power allocation signaling, it is hard to make accurate power allocation indication in reality. For practical signaling, grids of power allocation level can be considerable.
Proposal 5 :  For a near UE, parameter estimations of pre-coders and power allocation ratio information directly impacts on throughput performance. In the core phase, we propose that RAN4 studies performance impacts of the parameter estimations.
Additionally, about the case 3, the  and  indicate pre-coded channels. Although power level multiplexing can be applied to Case 3, the spatial multiplexing already separate the multi user domains. For Case 3, it is questionable to use power-level multiplexing on the top of spatial multiplexing in practical usecase. Although the RAN1 LS is not rather clear about it, we assume in practice, Case 3 is close to the conventional MU-MIMO with equal power split between the users. It would be good to clarify the Case 3 usecase through discussions. 
Proposal 6 : For Case 3 with a near UE, it is questionable to use power-level multiplexing on the top of spatial multiplexing in practical usecases. RAN4 clarifies the Case 3 usecase if it requires to consider power-level multiplexing together in practice.

Far-UE detection scenario
If a MuST UE identifies itself is a far UE, behaviors of the baseline RX can be different from the near UE. 
[image: ]
Figure 2 : Far UE constellation
As illustrated in figure 2, the far UE constellation has a low modulation order, but the near UE information is shown as an additional noise source. However, the near UE information is not necessarily required to be detected.
As a baseline receiver, a legacy MMSE-IRC strategy can be applicable. The legacy MMSE-IRC simply utilizes CRS-based or DMRS-based covariance estimation.
Next, for further improvement, if the far UE can estimate the modulation order of the near UE, the advanced MMSE-IRC UE can detect the far UE information as
  where     (4)

Also, R-ML detection is possible as


In addition, the joint detection forms of eq (1) and eq (2) are also valid for the far UE. In other words, the joint detection strategy does not make difference between a near or a far UE.
Proposal 7 : For a far UE, the legacy MMSE-IRC becomes a baseline RX.
Proposal 8 : For an advanced far UE studies, advance detection schemes can be considered as below 
Option 1 : MMSE-MRC or IRC including near UE information power based on eq (4).
      Option 2 : R-ML detection based on eq (5).
      Option 3 : Joint R-ML detection scheme based on eq (2) and eq (3).

Depending on detection performance analysis, modulation order of the near UE information and precoders may need to be signaled. Through the discussion in section 3, we already identify server parameters required for near and far UE detections. Including them, we further discuss on the parameters for UE detections.

MuST Parameters for UE Detection
TR 36.859and RAN1 LS mention about various aspects of the parameter estimation. Apparently, there are some parameters those are really challenging for a MuST UE to estimate. 
First of all, we review the statements one by one in RAN1 LS below. 
RAN1 has identified the following parameters for the feasibility study of per PRB blind detection.  Note that RAN1 targets to decide on whether to signal all or part of the following parameters to a UE after August meeting.
· For MUST case 1 and case 2, the candidate assistance information for signalling or blind detection by the MUST-near UE include:
· Existence of MUST interference per spatial layer 
· Transmission power allocation per spatial layer of its PDSCH and of the MUST-far UE’s PDSCH
· Modulation order of each codeword of MUST paired UE’s PDSCH
· This information is only needed if modulation order of MUST-far UEs is not limited to QPSK
· For MUST case 3, in addition to the above:
· PMI or DMRS port/sequence of the MUST-paired UE
· Each of the above may be either:
· per PRB, or
· per group of PRBs, or
· single value across the UE’s scheduled bandwidth

For MuST implementation, we agree the statement above. In UE performance perspectives, if only one of the parameters are mis-detected, the performance impact will be significant. If an UE tries blind detection, risk of unstable performance is very high comparing to UE implementation cost. 

Observation 3 :  In spite of the high cost of MuST implementation, gain of MuST UE is not guaranteed due to the parameter mis-detections. 

If the parameter signaling is not provided by eNB, RAN4 tests scope accordingly may have to be conservative in a sense of MuST UE implementation. But in the core discussion, a main focus is not performance test scope, and we are open for blind detection options. Depending on conclusions of the core part, RAN4 can set performance test scope in the next phase.

If signaling is defined, format of signaling must be specific and concrete. RAN4 should make clear designs of the signaling. RAN1 LS provides some insights in that sense.
For Case 1 and 2,
· MUST category 2 with one or more transmission power ratios for co-scheduled MUST UEs in each constellation combination is supported
· Note that between 1 and 8 power ratios will be selected by RAN1
· The superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation
· For (MOD_N, MOD_F) = (QPSK, QPSK), 16QAM legacy constellation
· For (MOD_N, MOD_F) = (16QAM, QPSK), 64QAM legacy constellation
· For (MOD_N, MOD_F) = (64QAM, QPSK), 256QAM legacy constellation
· If 2 or more power ratios are supported, the other transmission power ratios for a MUST-far UE in each constellation combination can be selected from the value range of [0.6, 0.95] as a baseline. 
For Case 3, the transmission power ratio range and whether modulation order restriction is needed or not requires further study in RAN1.
As stated here, the power ratio can be signaled by a certain level grid, and so the constellation combinations can. The constellation order can indicate if a serving UE is a far or a near UE, but when each constellation is identical such as (MOD_N, MOD_F) = (QPSK, QPSK), then far or near UE status also needs to be signaled. 
Proposal 9 : We prefer to preclude below from parameter estimation discussion 
· Preclude mixed transmission schemes usecase for MU.
· Preclude CWIC ( codeword information detection ) and HARQ information

Also, we see Rel-13 MuST has defined with three categories by RAN1. Category 1 and Category 2 don’t have specific differences in terms of UE behaviors, but its MuST categories must be signaled too for an UE to generate the constellation mapping. 

· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation
· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation
· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation

Proposal 10 : MuST category index must be signaled for an UE to generate a correct constellation mapping.

Among the MuST categories, we want to further review on benefits. Especially, the category 3 makes code-bit level superposition. In spatial domain, MuST category 2 with additional power constraints can be used together with the category 3. If a transmitter generates near UE and far UE coded bits and map the bits by a multiplexing matrix (i.e. label-bits), they can be de-mapped and decoded separately as long as the mapping information is shared between a BS and a UE. However, category 3 seems to increase complexity if it combines with category 1 or 2. 
Proposal 11 : Further review on benefits of each MuST category is required in RAN4 core phase. Especially about category-3 advantages, it seems to increase complexity, if it combines with category 1 or 2. Therefore, we prefer to put category 3 in low priority.
Conclusions
In this contribution, our view on MuST UE core study scopes are shared.
Observation 1 : eNB’s transmission parameter signaling in an intra cell is easier than inter-cell use cases. Since the MU are scheduled in a same BS, the eNB can signal the scheduling and MuST parameters. 
Proposal 1 : We propose to prioritize study scopes with up to 2 UEs co-schedule. Each UE is scheduled per one spatial layer. 
Proposal 2 : MuST receiver complexity discussion must be involved in the core discussion. MuST UE complexity issues are mainly from (i) the number of co-scheduled UEs, (ii) the number of MIMO layers, (iii) MuST parameter estimations.
Proposal 3 : Start RAN4 core discussions based on TM5 and TM9. 
Proposal 4: Further study whether network assistance or blind detection is needed for the identification of the MuST MU-MIMO scenario.
Proposal 5: For MuST Case 1, 2, further study whether network assistance or blind detection is needed for identification of near/far UE conditions. Clarify a near- or a far-UE identification criteria.

Near-UE
Observation 2: For a near UE, knowledge of modulation and power allocation of users are essential. Based on the knowledge of these parameters either R-ML or SLIC receivers can be applied to handle the interference.
Proposal 6 :  For a near UE, parameter estimations of pre-coders and power allocation ratio information directly impacts on throughput performance. In the core phase, we propose that RAN4 studies performance impacts of the parameter estimations.
Proposal 7 : For Case 3 with a near UE, it is questionable to use power-level multiplexing on the top of spatial multiplexing in practical usecases. RAN4 clarifies the Case 3 usecase if it requires to consider power-level multiplexing together in practice.
Far-UE
Proposal 8 : For a far UE, the legacy MMSE-IRC becomes a baseline RX.
Proposal 9 : For an advanced far UE studies, advance detection schemes can be considered as below 
      Option 1 : MMSE-MRC or IRC including near UE information power based on eq (4).
      Option 2 : R-ML detection based on eq (5)
      Option 3 : Joint R-ML detection scheme based on eq (2) and eq (3).

MuST Parameter estimations
Observation 3 :  In spite of the high cost of MuST implementation, gain of MuST UE is not guaranteed due to the parameter mis-detections. 

Proposal 10 : We prefer to preclude below from parameter estimation discussion
· Preclude mixed transmission schemes usecase for MU.
· Preclude CWIC ( codeword information detection ) and HARQ information

Proposal 11 : MuST category index must be signaled for an UE to properly generate a correct constellation mapping.

Proposal 12 : Further review on benefits of each MuST category is required in RAN4 core phase. Especially about category-3 advantages, it seems to increase complexity, if it combines with category 1 or 2. Therefore, we prefer to put category 3 in low priority.
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