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1. Introduction
RAN1 sent an LS [1] to RAN4 on potential parameters for blind detection in MUST (Multi-User Superposition Transmission) and asked RAN4 to identify the parameter combinations that could be blindly detected jointly (e.g. blind detection performance, UE complexity) in MUST. In this contribution, we provide analysis on feasibility of blind detection in MUST. 
2. Discussion
2.1. MUST cases
In WID [2], following MUST cases are identified as WI objective. 
· 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. 

Case 1 and case 2 assumes use of same spatial precoding and thus can be categorized as superposition transmission. On the other hand, case 3 considers use of different spatial precoding and thus can be considered as general case that covers both MU-MIMO transmission and superposition transmission. 
For case 1 and case 2, MUST category 2 as described in TR 36.859 are considered as baseline scheme. Figure 1 shows encoding for MUST category 2 at eNB transmitter wherein coded bit for UE1 and UE2 is jointly mapped to superposed constellation depicted in figure 2. MUST-far UE demodulate the received signal as QPSK constellation and thus does not require any assistance information for MUST encoding. On the other hand, MUST-near UE is supposed to demodulate the received signal on superposed constellation and then feed LSB LLRs for decoding while discarding MSB LLRs that carries coded bits for MUST-far UE. For proper demodulation on superposed constellation, MUST-near UE should know existence of MUST-far UE, modulation for MUST-far UE and power allocation between MUST-near and MUST-far UE. 
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Figure 1. Encoding in MUST category 2. 
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Figure 2. Superposed constellation in MUST category 2
Observation 1. For demodulation on superposed constellation, MUST-near UE should know existence of MUST-far UE, modulation for MUST-far UE and power allocation between MUST-near and MUST-far UE.
In case 3, different spatial precoding can be applied between co-scheduled UE. UE needs to know existence of MU-MIMO scheduling and equivalent channel matrix for both desired and interfering UE to perform MU-MIMO demodulation. 
For CRS TM, i.e., TM4-6, UE needs to know spatial precoding vector and TPR to construct equivalent channel from CRS channel matrix. For desired UE, PMI information is provided by DCI signalling and TPR is either blindly estimated (QPSK) or RRC configured (non-QPSK). For interfering PDSCH, UE needs to obtain PMI and TPR either by assistance signalling or blind detection. 
Observation 2. For MU-MIMO demodulation with CRS TM, UE needs to detect existence of co-scheduled MU-MIMO UE and obtain corresponding TPR and PMI information.
For DM-RS TMs, i.e., TM8-10, UE can determine equivalent channel matrix directly from DM-RS ports. For example, when PDSCH is scheduled on port 7, UE can perform channel estimation for port 8 to determine existence of MU-MIMO UE and corresponding equivalent channel matrix. 
Observation 3. For MU-MIMO demodulation with DM-RS TM, UE can rely on DM-RS channel estimation to determine existence of MU-MIMO UE and corresponding equivalent channel matrix. 

2.2. Blind detection for superposition transmission
For blind detection for superposition transmission, it was stated in [1] that
· 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

Candidate assistance information is essential for MUST-near UE demodulation since these information collectively specifies exact shape of superposed constellation. For example, if modulation of desired PDSCH is 16QAM, superposed transmitted constellation can be 16QAM when MUST-far UE is not present, 64QAM when MUST-far UE with QPSK is superposed and 256QAM when MUST-far UE with 16QAM is superposed. When MUST-far UE is superposed, exact location of super-posed constellation is determined by power allocation between MUST-near and MUST-far UE. Number of hypotheses for blind detection is given by 1+M×P where M is number of modulation candidate for MUST-far UE and P is number of power allocation candidates. If UE should perform blind detection for all parameters, the problem reduces to constellation detection among 1+M×P hypotheses. 
Observation 4. For superposed transmission, blind detection problem reduces to constellation detection problem among 1+M×P hypotheses where M is number of modulation candidates for MUST-far UE and P is number of power allocation candidates. 
Detection performance would depend on number of MIMO layer, number of candidate hypotheses, operating CINR, channel correlation and blind detection complexity. Therefore, it is hard to have quantitative assessment of blind detection feasibility. Instead, we would like to provide generic qualitative analyses of the detection problem. 
First, we would like to point out that, unlike blind detection in NAICS, there is no fallback option for demodulation of superposition transmission. Figure 1 is typical CDF of blind detection metric between two hypotheses. When fallback option is available, detection algorithm can be designed to have 3 decision region. 
· H1 : detection metric is larger than 1

· H2 : detection metric is less than -1

· fallback : detection metric is between -1 and 1

Since reasonable performance is still guaranteed with fallback option, UE can optimize blind detection algorithm to achieve good performance in favourable condition while maintaining robust performance in non-favourable condition. 

However, for demodulation of superposed constellation, there is no fallback option. UE should determine between H1 and H2 even when decision metric is very small. Lack of fallback option implies that there are always non-zero probability that blind detection could be wrong. Demodulation on wrong constellation would lead to 100% demodulation error and its effect could propagate across HARQ retransmission. 
Observation 5. There is no fallback option in blind parameter detection of superposition transmission. 

Another aspect to consider is that blind detection performance is affected by number of modulation and power allocation hypotheses for MUST-far UE. As indicated in LS [1], if only QPSK is considered for MUST-far UE, there is no need for blind detection for modulation order. On top of that, if only one power allocation is considered in RAN1 design, number of hypotheses will become two, i.e., UE only needs to determine whether superposition transmission is present or not. Even when multiple power allocation is considered, large separation between candidate power allocations would lead to reliable blind detection. 
Observation 6. Feasibility of blind detection will be affected by RAN1 design on number of modulation and power allocation candidates for MUST-far UE. 
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Figure 1. CDF of detection metric
2.3. Blind detection for MU-MIMO
For demodulation of CRS-based MU-MIMO transmission, UE needs to detect existence of MU-MIMO transmission and TPR and PMI for detected MU-MIMO. The problem looks quite similar to NAICS blind detection for CRS-TMs. In Rel-12 NAICS, NAICS receiver was specified for 2 CRS port transmission with per-RB blind detection and network assistance signaling for TM and TPR restriction. Furthermore, for MU-MIMO demodulation, UE can fallback to MMSE-IRC receiver in case blind detection metric is not reliable. 
Observation 7. Blind detection for MU-MIMO transmission is feasible for CRS based transmission with 2 CRS ports with potential TPR restriction by RRC signaling. 
However, for 4 CRS ports, PMI detection becomes a big challenge in terms of blind detection complexity and blind detection performance. For Rel-12 NAICS, RAN4 concluded that blind detection for 4 CRS ports are not feasible. For MU-MIMO transmission, it would be desirable to preclude blind detection for 4 CRS ports. 
Observation 8. Blind detection for MU-MIMO transmission is not feasible for CRS based transmission with 4 CRS ports due to PMI detection challenge. 

For DM-RS MU-MIMO transmission, RAN4 already has TM9 rank 1 PDSCH demodulation requirement in the presence of rank 1 interference. Same requirement is now being extended to OCC4 DM-RS transmission in Rel-13 FD-MIMO WI. Therefore, we can say MU-MIMO detection for rank 1 interference is already supported by UE. If RAN1 has plan for further specification improvement for DM-RS MU-MIMO transmission, it should consider existing MU-MIMO support in RAN4 as baseline. 
Observation 9. Blind detection for rank 1 MU-MIMO transmission for DM-RS based transmission is already supported in RAN4 specification. 

2.4. Blind detection for joint MU-MIMO and superposition transmission
RAN1 design for case 3 can also include joint MU-MIMO and superposition transmission but no detail was provided by RAN1 LS. Therefore, it is very hard to provide exact assessment for such case. However, considering the fact that blind detection complexity increases by the multiplication of MU-MIMO blind detection complexity and superposition blind detection complexity, it is very unlikely that blind detection for such joint scenario is feasible. 
Observation 10. Blind parameter detection for joint MU-MIMO and superposition transmission is not feasible. 

3. LS response

Based on the analyses in section 2, here is our draft LS response. 
RAN4 performed high level analyses on the feasibility of blind parameter detection for MUST and made following observations. 
1. For MUST case 1 and 2 with superposed transmission, blind detection error will leads to complete demodulation failure since there is no fallback option. 
2. Feasibility of blind detection for superposition transmission will be affected by RAN1 design on modulation and power allocation candidates for MUST-far UE.
3. Blind detection for MU-MIMO transmission is feasible for 2 CRS ports but is not feasible for 4 CRS port transmission. 

4. Blind detection fsor rank 1 MU-MIMO transmission for DM-RS based transmission is already supported in RAN4 specification.

5. Blind parameter detection for joint MU-MIMO and superposition transmission is not feasible.

For superposition transmission, further analysis on blind detection would be possible only when RAN1 provides further details on modulation and power allocation candidates. 
4. Conclusion

In this contribution, we provide analysis on feasibility of blind detection in MUST. Our observations are

Observation 1. For demodulation on superposed constellation, MUST-near UE should know existence of MUST-far UE, modulation for MUST-far UE and power allocation between MUST-near and MUST-far UE.
Observation 2. For MU-MIMO demodulation with CRS TM, UE needs to detect existence of co-scheduled MU-MIMO UE and obtain corresponding TPR and PMI information.

Observation 3. For MU-MIMO demodulation with DM-RS TM, UE can rely on DM-RS channel estimation to determine existence of MU-MIMO UE and corresponding equivalent channel matrix. 

Observation 4. For superposed transmission, blind detection problem reduces to constellation detection problem among 1+M×P hypotheses where M is number of modulation candidates for MUST-far UE and P is number of power allocation candidates. 

Observation 5. There is no fallback option in blind parameter detection of superposition transmission. 

Observation 6. Feasibility of blind detection will be affected by RAN1 design on number of modulation and power allocation candidates for MUST-far UE. 
Observation 7. Blind detection for MU-MIMO transmission is feasible for CRS based transmission with 2 CRS ports with potential TPR restriction by RRC signaling. 

Observation 8. Blind detection for MU-MIMO transmission is not feasible for CRS based transmission with 4 CRS ports due to PMI detection challenge. 

Observation 9. Blind detection for rank 1 MU-MIMO transmission for DM-RS based transmission is already supported in RAN4 specification. 

Observation 10. Blind parameter detection for joint MU-MIMO and superposition transmission is not feasible.
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