3GPP TSG RAN WG1 Meeting #80bis



            R1-151544
Belgrade, Serbia, 20th – 24th April 2015
______________________________________________________________________ Agenda item: 7.2.7.1
Source: LG Electronics
Title: On Scenarios for Downlink Multiuser Superposition Transmission for LTE
Document for: Discussion and Decision
1. Introduction
At RAN#67, the study item on “Downlink Multiuser Superposition Transmission for LTE”, denoted as “MUST” in this contribution, was approved in [1]. According to the SID, the objectives of this study item are the following:
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signaling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 

· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.

· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.

In this contribution, we discuss the network deployment scenarios, transmission mode (TM) and receiver types to be considered in the study item phase. 

2. Deployment scenarios
Many different deployment scenarios were considered in Rel-11/12 SIs, and those deployment scenarios can be characterized in two basic cases: Homogeneous and Heterogeneous network deployments. In MUST, it is reasonable to consider those cases, and relating deployment scenarios which were studied other SIs can be reused for MUST SI.  
Homogeneous deployment (MUST scenario #1)
This scenario focuses on the LTE deployments with homogeneous cells. The NAICS scenario #1 [2] was defined to investigate the gain of NAICS on homogeneous deployment, and it can be reused for evaluating potential gain of MUST. The main contents NAICS scenario #1 is described as follows:

· Homogeneous network, macro only, ISD=500m
· ITU UMa channel model

· Non-ideal backhaul between sites (same assumption as for SCE SI [3])

· Coordination assumptions:

· Intra-site information exchange is possible

· Inter-site information exchange is subject to the backhaul latency

· Note: This scenario is similar to CoMP scenario #1.

Proposal 1: The NAICS scenario #1 can be used as a homogeneous deployment scenario of the MUST SI.

Heterogeneous deployment (MUST scenario #2)

For Heterogeneous deployment scenario, we consider the scenario used in Rel-12 SCE SI. In SCE SI, deployment scenarios can be classified according to frequency and location (indoor/outdoor) deployment as follows: 
SCE scenario #1: 

· co-channel deployment of the macro cell and small cells

· outdoor small cell deployment
· small cell cluster is considered

SCE scenario #2a:

· separate frequency deployment of the macro cell and small cells

· outdoor small cell deployment

· small cell cluster is considered

SCE scenario #2b:

· separate frequency deployment of the macro cell and small cells

· indoor small cell deployment

· small cell cluster is considered

SCE scenario 3:

· macro cell coverage is not present

· indoor small cell deployment

· small cell cluster is considered
As the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation may seldom happen on indoor environment, indoor cell deployments (i.e., SCE scenario #2b and #3) may be less interesting in the MUST SI. In addition, it seems desirable to consider the separate frequency deployment scenario with higher priority than the co-channel deployment scenario because the MUST SI focuses on intra-cell interference cancellation. Therefore, it seems reasonable to reuse the SCE scenario #2a as a heterogeneous deployment scenario of the MUST SI. We note that some modifications can be possible in order to reflect SI objectives, for example, sparse deployment of small cells (i.e., not small cell cluster) can be considered. 
Proposal 2: The SCE scenario #2a can be used as a heterogeneous deployment scenario of the MUST SI.
3. Transmission mode
Regarding transmission mode, it needs to be decided which TM(s) is evaluated in this SI. To have better understanding of the gain coming from power domain user multiplexing (which means user multiplexing without time, frequency and spatial layer separation), we can consider evaluating superposition transmission gain under a simpler environment such as a TM2, TM4 and/or TM9, as a first step.

Another issue of TM is whether different TMs between superposed UEs are supported or not. With investigating the gain of superposition transmission when transmission mode of all UEs is identical, it is worth to study it when transmission modes are mixed; for example, superposition transmission for a pair of TM4 and TM9 UEs.
Proposal 3: The prioritization of TMs to evaluate is needed. 
Proposal 4: Different TMs between multiplexed UEs can be considered.
4. Receiver types 
In our companion contribution [5], multi-user superposition schemes and receiver types are analyzed. Regarding the receiver type, codeword-level interference cancellation (CWIC) receiver has better performance than maximum likelihood (ML) receiver, while using ML receiver can decrease signaling overhead because information for decoding interferer’s data (e.g., C-RNTI, MCS level etc.) is not needed. In addition, ML receiver needs gray-labeled constellation in order to minimize the number of bit error. As shown in [5], the gray-labeled constellation can be achieved by superposing center UE’s modulated symbol (which is rotated by edge UE’s symbol position) onto edge UE’s modulated symbol. 
Considering receiver complexity, signaling overhead and performance, (at least) CWIC and ML receiver should be studied in the study its phase.
Proposal 5: At least, CWIC and ML receivers should be studied for MUST SI.

5. Conclusion

In this contribution, we discuss deployment scenario, transmission modes and receiver types to be considered in the evaluations of MUST. The following proposals were made:
Proposal 1: The NAICS scenario #1 can be used as a homogeneous deployment scenario of the MUST SI.

Proposal 2: The SCE scenario #2a can be used as a heterogeneous deployment scenario of the MUST SI.
Proposal 3: The prioritization of TMs to evaluate is needed. 

Proposal 4: Different TMs between multiplexed UEs can be considered.
Proposal 5: At least, CWIC and ML receivers should be studied for MUST SI.
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