3GPP TSG RAN WG1 Meeting #82

                                               
R1-154282
Beijing, China, 24th - 28th Aug 2015
______________________________________________________________________ Agenda item: 7.2.7.1
Source: LG Electronics

Title: Discussion on multiuser superposition schemes and signaling schemes
Document for: Discussion and Decision
1. Introduction

In RAN1#81, several MUST schemes were discussed and the following observation and conclusion was captured in chairman note. 

Observation:
· Following schemes are proposed in this meeting

· Multiuser superposition schemes without Gray mapping (in R1-153333, R1-152652)

· Multiuser superposition schemes with Gray mapping (in R1-153333, R1-152974, R1-152762, R1-152493, R1-152806, R1-152493, R1-153058)

· Other scheme is not precluded in future RAN1 meeting

Conclusion:

· Companies are encouraged to provide their own superposition coding transmission schemes (including receiver and high-level description of signaling schemes) to be captured in TR until RAN1#82 meeting

· Companies are recommended to evaluate performance of multiuser superposition schemes with and without Gray mapping until RAN1 #82 meeting
In this contribution, we further discuss superposition coding transmission schemes and signaling schemes to provide far UE’s scheduling information to near UE.
2. Multiuser Superposition Schemes and Receiver Types
There are several superposition schemes introduced in the last meeting and they are simply categorized by two types based on superposition domain: bit-level superposition and symbol-level superposition. In bit-level superposition schemes, two UEs’ coded bits are multiplexed, and then those multiplexed bits are mapped to constellation symbols [1,2]. Additionally, when the coded bits are multiplexed they can be interleaved in a proper way [3]. 
In symbol-level superposition schemes, each UE’s coded bits are mapped to its own constellation symbols, and then different powers are allocated to those two symbols and finally the symbols are superposed, generating combined constellation. There are two symbol-level superposition schemes depending on the usage of Gray coding: amplitude-weighted superposition of coded and modulated signals and amplitude-weighted superposition of coded and modulated signals with Gray labelled.

Fig. 1 describes an example of the amplitude-weighted superposition of coded and modulated signals. In Fig 1 (a), near(/far) UE’s coded bits are mapped to QPSK(/QPSK) symbols and each symbol’s power is set to 2a2(/2b2). Then, the two UE’s symbols are finally added, generating 16QAM constellation depicted in Fig. 1 (b) with non-uniformly or uniformly distributed symbols, depending on power allocation. With this superposition scheme, Hamming distance between the two closest symbols is not always guaranteed to be one, resulting in decoding performance degradation depending on receiver types (e.g., ML receiver) 
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Figure 1. Amplitude-weighted superposition of coded and modulated signals

Fig. 2 describes an example of the amplitude-weighted superposition of coded and modulated signal with Gray labelled. There are several methods to generate Gray constellation of superposed symbols, using bit-domain Gray converter (e.g. XNOR and NOR) or symbol-domain Gray converter (e.g., flipping [4]) and Fig. 2 (a) shows a bit-domain Gray converter using XNOR operation between two UEs’ encoded bits (i.e., ni and fi). With Gray converter, Gray constellation of superposed symbols depicted in Fig. 2 (b) is generated.
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Figure 2. Amplitude-weighted superposition of coded and modulated signals with Gray labelled

Proposal 1: Amplitude-weighted superposition of coded and modulated signals with or without gray labeled should be studied.
Several types of advanced receiver can be used at near UE to cancel/suppress far UE’s signal and have been well studied in SU-MIMO IC and NAICS study item [5]. For MUST, (R-)ML receiver and (ML/Linear-)CWIC can be considered as good candidates to study. 

3. High level description on signaling schemes
In order to cancel/suppress far UE’s signal, near UE requires the following information of far UE’s signal, depending on its receiver types.

· Information for ML receiver: Modulation order, Power allocation, Rsc allocation, Rate matching, DMRS information, TM (if mixed TM), PMI (if different beam), etc.

· Information for CWIC receiver: MCS, Power allocation, Rsc allocation, Rate matching, DMRS information, TM (if mixed TM), PMI (if different beam), HARQ information, C-RNTI, etc.
Information above can be blindly detected, signalled, or subjected to near UE’s scheduling information, and one way is better than others, depending on information. For example, it seems more desirable that modulation order is blindly detected or dynamically signalled from eNB rather than subject to that of near UE, which causes too much UE scheduling restriction. Meanwhile, resource allocation can be hardly blindly detected but can be signalled or aligned with that of near UE. Also, importance of information depends on a receiver type. For instance, information on far UE’s resource allocation is critical to performance of CWIC but not to ML. Therefore, to determine how to provide each information to near UE, the following factors should be further studied

· BD feasibility

· Signalling overhead

· Scheduling restriction due to dependency between the two UE’s scheduling information
· Receiver types
Proposal 2: To determine how to provide far UE’s information to near UE, BD feasibility, signalling overhead, and scheduling restriction should be further studied, in conjunction with receiver types.

If dynamic signaling is needed to provide at least one of the above information to near UE, there would be three options: 
· Option 1: a near UE decodes a single DCI containing both far UE’s information and near UE’s scheduling information.
· Option 2: a near UE decodes a single DCI containing the far UE’s information.

· Option 3: a near UE overhears far UE’s DCI.
In Option 1, near UE blindly decodes a DCI including not only its own scheduling information but also far UE’s information. Considering DCI payload size is limited by PDCCH coverage, it could be not enough to contain near UE’s scheduling information and far UE’s information together. On the other hand, Option 2 and 3 seems more appropriate when there is a large amount of information to be signaled. 
In Option 2, near UE blindly decodes conventional DCI including its own scheduling information but also a new DCI including far UE’s information. In this case, it should try to decode three DCI formats (i.e., a new DCI format and conventional two DCI formats including DCI 1A), increasing DCI BD overhead.
In Option 3, near UE blindly decodes not only DCI, including its own scheduling information and some far UE’s information if necessary, but also far UE’s DCI. In this way, signaling overhead can be minimized. To decode far UE’s DCI, near UE has to know the search space and the CRC masking corresponding to the DCI, which are determined with C-RNTI of a scheduled UE. Therefore, C-RNTI of far UE may be needed to signal to near UE. To reduce signalling overhead due to C-RNTI, eNB can provide set of C-RNTI candidates through higher-layer signalling in advance and dynamically signal C-RNTI of far UE from the set. Given that near UE geometry is better than far UE, near UE is able to decode far UE’s DCI with FER less than 0.01. Instead of signalling C-RNTI of far UE, a new C-RNTI can be introduced, which is reserved for MUST and which we call MUST C-RNTI. In this way, the search space and the CRC masking corresponding to far UE’s DCI are determined with MUST C-RNTI, which is known to near UE and far UE.
Proposal 3: If dynamic signaling is needed to provide at least one of the above information to near UE, the three options can be investigated as a good starting point.
4. Conclusion
In this contribution, we discussed superposition coding transmission schemes and signaling schemes to provide far UE’s scheduling information to near UE. The proposals based on the discussion are given as follow:

Proposal 1: Amplitude-weighted superposition of coded and modulated signals with or without gray labeled should be studied.
Proposal 2: To determine how to provide far UE’s information to near UE, BD feasibility, signalling overhead, and scheduling restriction should be further studied, in conjunction with receiver types.

Proposal 3: If dynamic signaling is needed to provide at least one of the above information to near UE, the three options can be investigated as a good starting point.
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