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1. Introduction
In RAN1#82bis, the following categories of MUST schemes were agreed to be captured in the TR. 
Agreement:

· Multiuser superposition transmission schemes can be categorized as follows

· 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

Potential assistance information for MUST UEs were discussed in RAN1#83 with the following agreements. 
Agreement: (Note that this information can be updated at the next meeting)

· The following should be considered as potential PDSCH assistance information for MUST Category 1, 2, and 3 UE. 

· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far UE or near UE)

· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)

· Modulation order of MUST paired UE 

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 

· Resource allocation of MUST paired UE 

· PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 

· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)

· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)

· Precoding vector(s) of MUST paired UE 

·  CWIC (available receiver type for near UE)

· The above potential assistance information for ML receiver

· TBS of MUST paired UE

· HARQ information of MUST  paired UE 

· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 

· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user

· MMSE-IRC (available receiver type for far UE)

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Additionally, the followings should be considered potential assistance information for Category 3.
· For MMSE IRC, SLIC, (R-)ML, and CWIC
· Modulation order of composite constellation
· Bit allocation information of composite constellation

In this contribution we further discuss the potential standard impact of superposition transmission, including control signaling and CSI enhancements. 

2. Discussion
Assistance information can be obtained by UE blind detection, eNB signaling, or a combination. These are discussed separately.
2.1. UE blind detection
The underlying model of MUST (at least Cat 1 and 2) is very similar to that of Rel.12 NAICS. The only difference is that MUST interference arises from intra-cell paired user, while NAICS interference is from inter-cell interference. This is a rather minor difference and does not fundamentally change the physical layer processing framework. Considering this commonality, the existing mechanism for NAICS should be reused for MUST if possible, to expedite standardization and avoid unnecessary duplicated work. 
Proposal: To expedite progress, existing NAICS functionality should be reused if possible. 
UE blind detection is a highly attractive approach as it avoids specification work, and alleviates/eliminates network scheduling restriction. The latter is critical as to allow fully dynamic, flexible scheduler design with seamless switching between various transmission schemes (e.g. SU/MU, MUST/non-MUST).  Particularly, the restriction of network signaling has been rigorously discussed in Rel.12 NAICS and the benefits of low scheduling restriction are widely acknowledged. Hence we believe UE blind detection should be a baseline of MUST operation. 
Proposal: Blind detection should be the baseline for MUST.

The feasibility and reliability of UE blind detection is a core aspect of Rel.12 NAICS study. Fortunately this was extensively studied by many RAN4 experts in Rel.12, where it was found that most of NAICS interference parameter (common to MUST assistance information) can be reliably acquired by blind detection. Furthermore, intra-cell interference at MUST near UE tends to be much stronger than the intended signal, while NAICS inter-cell interference is usually weaker than the intended signal. Hence blind decoding for MUST is expected to be even more reliable. 
Observation:  Blind detection is expected to be rather reliable.
2.2. Network signaling

If network signaling is necessary, the design should base on the existing control signaling framework. A combination of higher-layer configured subset and UE blind decoding can also be exploited. PDCCH blind decoding complexity, PDCCH capacity and UE implementation issues should be taken into account. 
Scheduling restriction due to network signaling should be minimized. We note that this issue was not adequately studied at the beginning of Rel.12 NAICS, which caused a lot of debate at the end of NAICS WI (e.g. between RAN1/RAN4). To avoid similar situation, scheduler flexibility should be considered for MUST study. In particular, dynamic switching between MUST and non-MUST schemes should be considered. 
Proposal: 
· Scheduling restriction should be taken into account in the evaluation of MUST performance gain and signaling design. 
· Dynamic fall-back to legacy non-MUST transmission should be supported. 
In the current system a UE monitors one PDCCH in the UE-specific search space, carrying self-information of its own parameter. For a MUST UE intending to suppress intra-cell interference, both self-information and assistance information is needed. This can be done with one or two PDCCH.
· One PDCCH:  carrying self-information (SI) and assisted-information (AI)

· Example 1: PDCCH payload is fixed

· PDCCH carries both SI and AI at any time

· If intra-cell interference does not exist, or UE is not required to suppress intra-cell interference (as instructed by the eNB), AI is to be ignored. 
· Example 2: PDCCH payload is variable

· PDCCH carries SI and AI; if UE is instructed by eNB to suppress intra-cell interference (e.g. near UE). 
· PDCCH carries SI, if UE is instructed by eNB to not suppress intra-cell interference (e.g. far UE, or fallback SU-MIMO).
· Two PDCCH:   carrying SI and AI separately

· The PDCCH carrying AI can be a standalone new PDCCH format, or the legacy PDCCH of the co-scheduled UE. 
Proposal: 

· Consider PDCCH blind decoding and number of PDCCH to be monitored, if network signaling is needed for MUST.
2.3. CSI enhancement

In the current CSI feedback framework in LTE, a UE measures the downlink channel/interference and reports the CSI based on SU-MIMO transmission hypothesis. For MUST, the downlink transmission is essentially intra-cell MU-MIMO with potentially unequal power splitting, and therefore the SU-MIMO hypothesis for CSI is different from the MU-MIMO property of PDSCH. It may be argued from this perspective that CSI enhancement is needed so that the reported CSI better reflect the SNR characteristics of the actual PDSCH. 

However, it is still possible for proper eNB link adaptation to infer the actual post-decoding SNR from SU-MIMO CSI report. It is noted that the issue is very much similar to the MU-MIMO CSI enhancement discussion since Rel.10, as well as CSI enhancement for Rel.12 NAICS, where no sufficient gain from CSI enhancement was found. Hence potential benefits of CSI enhancement for MUST require further study, especially under system-level simulation. 
3. Conclusions

In this contribution we briefly discussed the potential standard impacts of downlink superposition transmission. 
Observation: 
· Blind detection is expected to be rather reliable for MUST.
Proposal: 
· To expedite progress, existing NAICS functionality should be reused if possible.
· Blind detection should be the baseline for MUST.
· If network signaling is used:

· Scheduling restriction should be taken into account in the evaluation of MUST performance gain and signaling design. 

· Dynamic fall-back to legacy non-MUST transmission should be supported.
· Consider PDCCH blind decoding and number of PDCCH to be monitored.
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