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1
Introduction

During the previous meeting, RAN1 has conducted initial discussions on MUST scenarios while several decisions have been taken. There are however remaining open items we are discussing further in this contribution. 
2
Scenarios
It has been agreed that the target deployment scenario for MUST includes both homogeneous and heterogeneous networks with separate-frequency deployment between macro and small cells. While the homogeneous scenario is rather clear, remaining open items relate more to HetNet as:

· FFS uniformly distributed or clustered small cells

· FFS whether or not co-channel deployment should be further evaluated

· FFS which/whether scenario(s) are mandatory/optional for evaulation

· FFS whether or not to prioritize MUST Scenario in the study and if so, which scenario to be prioritized

In general, MUST efficiency increases together with the number of good candidate links available in the cell for multi-user (MU) pairing and scheduling (candidate pair parameters: pre-coder index, CQI difference, number of spatial layers) making MUST attractive especially for macro cells with large active  user base. Since MUST is a cell capacity enhancing scheme designed to provide MU scheduling gain, it is important to discuss the properties of different evaluation scenarios keeping in mind the number of UEs in a cell available for MU scheduling. 
The target of small cells in general is to provide the geographically focused capacity increase in a hot spot area, while offloading macro cell traffic. Depending on the size of the hot spot, a number of TX points are needed to help to cope with the capacity demand of the area. However, small cells could benefit from MUST despite of their small geographical size. 
Figure 1 depicts two commonly studied small cell evaluation scenarios. In uniform small cell deployment case (Figure 1a), one small cell is assumed to be able to serve the whole hot spot alone. In clustered case (Figure 1b), a number of small cells are used to serve one traffic hot spot therefore creating multiple cells in the hot spot area. It is important to note, that in the clustered case, inter-cell interference between small cells in a cluster is more significant compared to the uniform distribution case. If the small cells are deployed to operate on a separate carrier frequency, overall interference is reduced, because macro cells operate on another carrier (macro cells still affect the UE association). 
Observation:

· Inter-cell interference between small cells in a cluster is more significant in the clustered case, compared to the uniform distribution case.

To summarize, the scenario with uniformly distributed small cell and macro cells operated on separate carrier is the most interesting from MUST perspective, because the amount of inter-cell interference is small (assuming sparsely distributed small cells) and number of UEs for scheduling per cell is inherently large. 
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Figure 1: HetNet deployment options according to earlier work in 3GPP: a) uniform distribution of small cells (left figure), b) clustered small cells (with uniformly distributed clusters and small cells inside cluster) (right figure). UE dropping: Configuration 4b from TR 36.814 v.9.0.0, Annex A.2.1.1.2.
Low overall inter-cell interference can be ideally seen as wide geometry range across the UEs in the cell (shown in Figure 2), which provides a fruitful ground for MUST to work efficiently (higher CQI difference between UEs in a cell). However, other impairments such as TX EVM will limit the dynamic range of the observed CQI values in the cell in practice.
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Figure 2: Simulated geometry of UEs using a) co-channel deployment (left figure), b) separate channel deployment of small- and macro cells (right figure).
Proposal:

· Uniform small cells deployment should be studied.

The interference conditions of HetNet with co-channel or frequency separated small cells are rather different. While in the case of frequency separated macro and HetNet cells the only source of interference is between the small cells, this is not the case in the co-channel deployment where macro is interfering the small cells. Also the choice of baselines has some differences. In the separate frequency deployment, SU/MU MIMO is the appropriate baseline, in co-channel deployment, technologies like FeICIC, intra-cell CoMP and even NAICS may be applied. While it looks like frequency separated small cells would favor MUST operation, as we explained previously, it is important to have a view on the limitation of this technology, as expressed by operators in the previous meeting.
Proposal:

· Evaluate co-channel deployment

Certainly every single scenario type, or deployment characteristic, is factorizing the number of simulations one has to perform. On the other hand it is important to understand if different scenarios are bringing different signaling and operation needs of MUST. Since the technology is envisioned as a single cell technique, the main impacts seem to come from the number of users and interference conditions such a single cell is experiencing. Hence once the operation principles of the MUST schemes are understood, it is just a matter of performance differences between scenarios in the sense that a particular scenario would not require a particular MUST scheme.
Proposal

· All scenarios should be treated with same priority

3
Physical channels of interest
The open issue with respect to the physical channels of interest is if PMCH should be considered. Superposition coding for broadcast services is nothing new. Indeed, in DVB-T [2] hierarchical modulation is used in order to multiplex on a single TV frequency channel, different transmission qualities in the form of high priority and low priority channels. 
From LTE perspective, MUST-like schemes have been investigated during Release 8 for PMCH. For example in [3] the hierarchical modulation for MBSFN data has been proposed. In [4], the possibility of allocating different modulation with different power configurations is discussed, such as “when 16QAM 2/3 stream and a 64QAM 4/5 stream are transmitted by superposition with SIC, the power configuration could be 0.864Pt for 16QAM 2/3 and 0.136Pt for 64QAM 4/5”.
It is however more important to discuss the potential similarities and differences between today’s MUST application in PDSCH and PMCH as otherwise it is undesirable to duplicate studies in the light of the previous investigations.

In terms of receiver operation there are similarities for PDSCH and PMCH in the sense that the same receiver would be utilized when the superposition principles would be the same. There are however few differences in terms of scenario operation. While for PDSCH it is envisioned to consider 2 and 4Tx, PMCH operates on one antenna port. In terms of spatial operation, in SFN transmission there is none. On the other side, PMCH virtualization with PMI cycling could be employed. Another difference is the PMCH quality-of-service requirement. Unlike PDSCH, PMCH transmission should guarantee that at least 95% of the coverage area maintains at least 1% FER. The power trade-offs in order to accommodate the higher data rate service would certainly impact the coverage operation, in this respect the PMCH being expected to be more sensitive than PDSCH. 

The choice of baselines deserves some discussion. While the current PMCH operation is with a single modulation in MBSFN subframes, one may provide higher quality service by time multiplexing low and high modulations in different MBSFN subframes. 
Observations:
· Hierarchical modulations have been investigated in previous LTE releases.

· Receiver operation for PDSCH and PMCH should be similar.
· PMCH differentiates by single antenna port operation and no spatial processing.

· Coverage requirements are tighter for PMCH compared to PDSCH.

· One choice of baseline is multiplexing different modulation orders in different MBSFN subframes.
Based on the above discussion, it is unclear what is the added value of considering PMCH in the current study in the sense that if MUST is going to be translated into a WI, the PMCH channel may be considered at that time or be part of a stand alone track for MBMS enhancements. 
Proposal:

· Consider only PDSCH investigations in the current SI.
4
Conclusions

In this contribution we have been presenting views with respect to the superposed transmission scenarios. The following observations and proposals can be summarized.
Observations:

Scenarios:

· Inter-cell interference between small cells in a cluster is more significant in the clustered case, compared to the uniform distribution case.

Channels of interest:

· Hierarchical modulations have been investigated in previous LTE releases.

· Receiver operation for PDSCH and PMCH should be similar.

· PMCH differentiates by single antenna port operation and no spatial processing.

· Coverage requirements are tighter for PMCH compared to PDSCH.

· One choice of baseline is multiplexing different modulation orders in different MBSFN subframes.

Proposals: 

Scenarios:

· Uniform small cells deployment should be studied.

· Evaluate co-channel deployment

· All scenarios should be treated with same priority

Channels of interest:

· Consider only PDSCH investigations in the current SI.
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