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1. Introduction

At the RAN #71 meeting, the WI for downlink multiuser superposition transmission (MUST) was approved [1]. The objectives of this WI are as follows:

1. (RAN4) For 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.
2. (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
· Down-selection should be further discussed in RAN1.
3. (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify necessary mechanisms to enable efficient MUST operation.
· The configuration of downlink multiuser superposition transmission.

· Starting from the candidate parameters of assistance information identified in TR 36.859 and based on the RAN4 identified parameter combinations which could be jointly blindly detected, specify the mechanism to provide MUST assistance information to a UE using R-ML receiver, which may include assistance signalling and blind detection.
4. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, evaluate the system-level performance based on the evaluation methodology and assumptions in TR36.859.
5. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, identify and, if needed, specify necessary enhancements for MUST operation, following the outcomes of objective 1 to 4.

6. (RAN2) Specify necessary higher-layer signalling to support the objectives listed above.
In this contribution, we describe our initial views on the potential signaling of assistance information for DL MUST focusing on the objective 3, i.e. for Case 1 and 2 using up to 2 Tx CRS-based transmission schemes. Our consideration on MUST scheme and down selection of MUST category is described in [2].
2. Views on network assistance signaling
To support the cancellation or suppression of the intra-cell interference at the MUST receiver side, the network assistance signaling of some interference parameters might be beneficial similar to the Rel.12 NAICS receiver. From the objective 1, the final decision regarding which parameters need to be signaled should be left to the investigation in RAN4, but RAN1 needs to identify the candidates to be signaled or blindly detected in advance. In this section, we provide our views on the possible signaling parameters and signaling granularity based on the section 5.3 of the TR [3]. Note that we only focus on the MUST category 2 with multiple power ratios and symbol level interference cancellation, e.g. R-ML receiver, in this section and the similar discussion can be applied to other MUST categories.
2.1. Possible signaling parameters 

First of all, we describe the parameters which do not need to be signaled to the UE. Since only intra-cell interference scenario between co-scheduled MUST users is considered in this WI [1], some interference parameters could be the same between the MUST users. Specially, the following cell-specific parameters could be the same between MUST users:
· Physical Cell ID (PCID)
· System bandwidth

· Number of CRS ports

· MBSFN subframe configuration

· CP length

· Slot number / System Frame Number (SFN)

· PDSCH starting symbol
Proposal 1 The MUST UE shall assume the following parameters are the same between co-scheduled MUST users.

· Physical Cell ID, number of CRS ports, MBSFN subframe configuration, CP length, slot number/SFN, system bandwidth and PDSCH starting symbol
Next, we describe our views on other parameters based on the TR [3].
For Near UE

· Resource allocation
· It is not clear how to exploit information on co-scheduled UE’s resource allocation. However, we need to clarify whether each parameter should be per RBG or common to all the scheduled PRBs. Below, we also discuss this aspect.

· Transmission power allocation of its PDSCH and MUST far UE’s PDSCH
· Since optimal transmission power allocation for the MUST UEs would be dynamically varied subframe by subframe, higher layer signaling of this parameter(s) cause significant restriction of MUST scheduling. Hence, the corresponding dynamic signaling would be supported if necessary after receiving conclusions from RAN4. On the other hand, the signaling of this parameter would not be needed for DMRS-based TM since the UE can implicitly recognize the transmission power ratio by the transmission power of DMRS. Also, it is clear that this parameter is not needed for MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users.
· If this parameter can be blindly detected by UE, this parameter could be per RBG. If dynamic signaling is supported, this parameter is likely to be common to all the scheduled PRBs in order to avoid increased overhead. The other parameters including modulation order and the number of transmission layers will be also common to all the scheduled PRBs. We note that we assumed in [4] that transmission power allocation, modulation order and number of transmission layer are common to all the scheduled PRBs. 
· Existence/processing of MUST interference per spatial layer
· Since optimal MUST scheduling would be dynamically varied subframe by subframe, higher layer signaling of this parameter(s) cause significant restriction of MUST scheduling. Hence, the corresponding dynamic signaling would be supported if necessary after receiving conclusions from RAN4.
· This parameter could be implicitly indicated by the existence of other signaling parameters, e.g. transmission power allocation. 

· Since there is some difficulty for the superposition among TM2 (or TM3 with layer1) and TM3 with layer 2, per layer signaling of this information is not needed and per UE signaling is sufficient if the TM2 or TM3 is configured. Hence, the MUST UE in TM2 and TM3 shall assume all transmission layers suffer from the inter-user interference if this information is signaled.
· If this parameter can be blindly detected by UE, this parameter could be per RBG. If dynamic signaling is supported, this parameter is likely to be common to all the scheduled PRBs as discussed above.

· Transmission layer 

· If existence of MUST interference is signaled or blindly detected per spatial layer, the receiver could implicitly recognize the exact transmission layer used by the interfering user. Hence explicit signaling of this parameter would not be needed.
· Transmission layer could be signaled to the MUST UE instead of the existence of MUST interference, but “transport block to codeword swap flag” should be also signaled in this case. Also, similar to the existence of MUST interference, the MUST UE in TM2 and TM3 shall assume transmission layer is the same between co-scheduled MUST users if this information is signaled.
· Modulation order of each codeword
· Since optimal modulation order would be dynamically varied subframe by subframe when considering AMC (Adaptive Modulation and Coding) and OLLA (Outer-Loop Link Adaptation), the corresponding dynamic signaling would be supported if necessary after receiving conclusions from RAN4.
· However, if the modulation order for the far UE is restricted to only QPSK, the signaling of this parameter would not be needed, which is also assumed in [4] since such a restriction does not affect the system performance.
· If this parameter can be blindly detected by UE, this parameter could be per RBG. If dynamic signaling is supported, this parameter is likely to be common to all the scheduled PRBs as discussed above.
· Transmission scheme
· In the WID [1], the following MUST scheduling cases were defined:
· 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. 

· When focusing on the cases 1 and 2 according to the objective 2 and 3 [1], superposed PDSCHs between the transmit diversity (e.g. TM2, TM3) and the closed loop spatial precoding (e.g. TM4, TM9) would be out of scope in this WI. For the case 1, however, further clarification is needed whether superposed PDSCHs between CRS based TM and DMRS based TM (e.g. TM4 and TM9, which are “closed-loop spatial precoding or multiplexing” together) is allowed or not. The possible use case might be a superposition between MTC device (in CRS based TM) and MBB handset (in DMRS based TM).
· If the above mixed TM scenario can be considered in this WI, the corresponding dynamic signaling would be supported if necessary after receiving conclusions from RAN4.
· Spatial precoding vector(s)
· When focusing on the case 1 and 2, it is not allowed to utilize different spatial precoding vector to the co-scheduled MUST users. Hence, whether the signaling of this parameter is required or not would be depending on the necessity of the case 3, i.e. system evaluation results of the objective 4 and 5.
For far UE

Since not all UEs would have MUST capability in the real network, it would be beneficial to enable to superpose the MUST-capable UE (as near UE) and the legacy UE (as far UE) in order to improve the system performance gain from MUST. In that sense, it is important for the far UE to detect own signal correctly without any assistance signaling. However, interference cancellation at the far UE side would be also beneficial to have further performance gain, so such UE behavior should not be precluded in this WI. Also, the signaling structure for the near UE can be reused for the interference cancellation at the far UE side.
In summary, our observation and proposal are summarized as follows:

Observation 1 RAN1 could start to consider higher layer or dynamic signaling of existence/processing of MUST interference per layer, transmission power allocation, modulation order and transmission scheme. The final decision regarding which parameters need to be supported should be left to the discretion of RAN4.
Proposal 2 It is important for far UE to detect own signal correctly without any assistance signaling since not all the UEs would have MUST capability in the real network. However, intra-cell interference cancellation at the far UE side should not be precluded in this WI to obtain further performance gain from MUST.
2.2. Signaling granularity
As we discussed in Sect. 2.1, signaling granularity (per RBG or common to all the scheduled PRBs) of the above assistance information highly depends on the MUST scheduling scheme. From our perspective, there are roughly three scheduling schemes as follows:
· Case1: Resource alignment between near and far UE

· Case 2: Wideband power allocation without resource alignment

· Case 3: Subband power allocation without resource alignment
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Figure 1. MUST scheduling schemes (just example)
The case 1 might be the simplest scheduling scheme, and a resource assignment among the near and far UE is aligned to reduce scheduling complexity and signaling overhead as shown Fig. 1. In this case, assistance information can be signaled in per UE manner, but the system performance could be degraded due to the lack of scheduling flexibility. On the other hand, the case 3 might be the most flexible scheme, and unaligned resource assignment among the UEs and flexible power allocation per subband/RBG level are allowed to obtain further scheduling gain. However, such assumptions cause a large amount of the signaling overhead because assistance information, e.g. transmission power allocation, should be signaled per subband/RBG if there is some difficulty for the blind detection. Also, these assumptions may increase the complexity of decoding process at the receiver side.
The case 2 is a middle-way considering the above tradeoff between the performance and signaling overhead/receiver complexity. In this case, flexible resource assignment per each subband/PRB can be allowed, but subband power allocation is not. Hence, signaling overhead can be reduced compared to the case 3, and the decoding complexity at the receiver side may be reasonable. The detailed scheduling scheme of the case2 was described in [4]. From the above analysis, we proposed to consider the scheduling scheme like the case 2.
Proposal 3 Resource alignment among the near and far UEs is not necessary because such scheduling restriction does not really help to reduce signaling overhead and degrades the MUST performance.

Proposal 4. Wideband allocation of transmission power should be considered in order to reduce signaling overhead and complexity of decoding process at the receiver side.
3. Conclusion

In this contribution, we describe our initial views on potential signaling of assistance information for DL MUST focusing on the objective 3, i.e. for Case 1 and 2 using up to 2 Tx CRS-based transmission schemes. Our observations and proposals are summarized as follows:
Observation 1 RAN1 could start to consider higher layer or dynamic signaling of existence/processing of MUST interference per layer, transmission power allocation, modulation order and transmission scheme. The final decision regarding which parameters need to be supported should be left to the discretion of RAN4.
Proposal 1 The MUST UE shall assume the following parameters are the same between co-scheduled MUST users.

· Physical Cell ID, number of CRS ports, MBSFN subframe configuration, CP length, slot number/SFN, system bandwidth and PDSCH starting symbol
Proposal 2 It is important for far UE to detect own signal correctly without any assistance signaling since not all the UEs would have MUST capability in the real network. However, intra-cell interference cancellation at the far UE side should not be precluded in this WI to obtain further performance gain from MUST.
Proposal 3 Resource alignment among the near and far UEs is not necessary because such scheduling restriction does not really help to reduce signaling overhead and degrades the MUST performance.

Proposal 4. Wideband allocation of transmission power should be considered in order to reduce signaling overhead and complexity of decoding process at the receiver side.
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