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1 Introduction
During RAN1#80bis, the following agreements were reached with regard to targeted scenarios for MUST [1].

Agreements:

· Targeted deployment scenarios for MUST study include

· MUST Scenario 1: Homogeneous network with macro cells only

· MUST Scenario 2: Heterogeneous network with separate-frequency deployment between macro cells and small cells

· 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

· No network coordination is assumed in above deployment scenarios

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

· PDSCH

· FFS PMCH

· Targeted intra-cell interference scenarios

· Up to two superposed data layers from two co-scheduled UEs per spatial layer (or beam) are considered in this study

· FFS maximal number of spatial layers (or beams) in a cell considered in this study
In this contribution, we discuss the priority of targeted deployment scenarios, intra-cell interference, and targeted physical channels.
2 Targeted Deployment Scenarios
MUST Scenario 1 has a homogeneous layout that contains only macro eNBs. It reflects wide coverage deployment that has been and continues to be the key operation scenario of service providers.  The spectrum used in such deployment is supposed to be in cellular bands, thus ensuring seamless connections even when user mobility is high.  In some sense, MUST Scenario 1 offers a “universal” layer that can accommodate both basic control plane processing and user plane traffic transportation. It has at least three characteristics where MUST can show its performance benefits
· Imbalanced pathloss between intra-cell users

Macro eNBs are normally installed on high-elevated antennas with large antenna gains and power amplifiers. This allows long inter-site distance, i.e., 500 meters for urban, and 1732 meters for rural areas. With such wide coverage, drastic difference is expected between pathloss of intra-cell users.  This provides the opportunity for MUST to more closely approach the multi-user capacity bound compared to orthogonal systems such as OFDMA. The imbalanced pathloss also leaves more room for power control so that good trade-off can be obtained between user fairness and system throughput.

· A large number of active users in a macro cell

Wide coverage itself implies a large number of active users, since the cell planning for a macro network should also take into account of user density. If the density is low, for example in rural or remote areas, the cell radius should be large as well. As discussed earlier, macro network serves as a “universal” layer, meaning that it should support all types of users, regardless of the user mobility, traffic type, priority class, data rate, human-to-human or machine type, etc. Therefore, it would be a common situation that a macro cell serves a large number of active users. Large pool of users gives more chances for MUST to pair suitable users to fulfill the potential of multi-user transmission.

· Less dependence on inter-cell coordination

Coordinated Multipoint Processing (CoMP) is expected to provide system throughput gain, however, its real-world performance is less attractive than what the paper analysis has claimed for. Engineering difficulty lies in the backhaul bandwidth and latency which becomes more challenging for macro deployment, i.e., the distance between macro eNBs is quite long. This would render very high cost of laying down fiber optical cables, and longer latency. In wide coverage deployment, the poor signal to interference noise (SINR) at cell edge is more due to the pathloss to serving eNB, rather than the strong interference from neighboring eNBs. This implies that inter-site coordination may be less efficient. In light of these, how to manage the intra-cell interference becomes more relevant, where MUST can be seen as another vehicle to find a “sweet” spot between the pure orthogonal multiplexing and the chaotic superposition.

Therefore, we propose:
Proposal 1: MUST Scenario 1 (homogenous network with macro cells only) should take higher priority for MUST study and should be mandatory for the performance evaluation.
Compared to the MUST Scenario 1, MUST Scenario 2 does not have the above characteristics. Hence, the expected performance gain of MUST would be less, either due to the difficulty in paring users, or having more efficient solutions other than MUST.  Certainly, interested companies can study MUST Scenario 2 as an option. For MUST Scenario 2, our preference is to focus on separate frequency deployment between macro cells and small cells. The small cells should be clustered. The reasons are as follows:
· Separate frequency deployment reflects a more general situation of small cells where low frequency band macro links provide the basic coverage while high frequency band small cell links offer capacity enhancements. The fast development of carrier-aggregation is making such operation more feasible than before.
· The inter-cell interference is much more benign in separate frequency deployment than in the co-channel case where the signal from macro cells poses strong interference to small cells whose antenna height and gain are much lower, and power amplifier is lower rated than those of macro cell. This in turn would significantly reduce the effective coverage area of small cell in downlink, unless aggressive RSRP bias is applied to expand the cell range. In such complicated interference scenario, inter-cell coordination may be more suitable than MUST. 
· Clustered small cells may more accurately capture the real-world deployment and should be used in MUST Scenario 2.
Proposal 2: Separate frequency deployment for macro cells and small cells should be the focus, and clustered small cell should be assumed in MUST Scenario 2.
3 Targeted Intra-cell Interference Scenarios
In the agreed evaluation assumptions of MUST [2], the baseline antenna configuration at eNB is 2 Tx and 4Tx, with half wavelength spacing and cross-polarized. The baseline antenna configuration at UE is 2 Rx, cross-polarized. Clearly, the rank for each SU-MIMO link is limited to 2. Even though there can be 4 Tx antennas at eNB, the chance of having 4 MU-MIMO each of rank=1 is quite low. Hence, the evaluation can be focused on the following combinations of user pair for MUST with limited exploitation of spatial MU-MIMO, in order to simplify the simulation effort and to better align companies’ results. Note that “+” here means MUST type of superposition. 
· Case 1: UE1 (near, of rank=1) + UE2 (far, of rank=1), with the same precoding vector

· Case 2: UE1 (near, of rank=2) + UE2 (far, of rank=1)

                Note: it can be (1st layer of UE1) + UE2, or (2nd layer of UE1) + UE2, with the same precoding vector

· Case 3: UE1 (near, of rank=2) + UE2 (far, of rank=1) + UE3 (far, of rank=1)                    

        Note: it can be (1st layer of UE1) + UE2;   (2nd layer of UE1) + UE3, with the same precoding vector

· Case 4: UE1 (near, of rank=2) +UE2 (far, of rank=2), with the same precoding matrix
Proposal 3: For the same time-frequency resources, to focus on the above four cases to limit the number of superposed UEs within 3, and the number of beams for spatial MU-MIMO to 2. 

4 Targeted Physical Channels
Besides PDSCH, it was raised during RAN1#80bis that PMCH can also be considered for MUST. In academia, there has been quite lots of study on superposition coding for broadcast services [3]. The basic idea would be to multiplex broadcast signals in the same time-frequency resources, each signal corresponding to a type of service or program. Usually, the data rates of multiplexed services should be different, i.e., low-rate service can be paired with high-rate service, so that MUST can demonstrate the sum-rate benefit compared to orthogonal resource allocation. While the above mentioned theoretical analysis proves the performance potential of MUST in broadcast systems, it remains to be seen how the benefit can be quantified for broadcast services. Normally, the system performance of broadcast system can be measured in two ways:

1) The percentage of coverage for a given data rate
2) Supportable rate (under certain coverage probability) as a function of inter-site distance, with an example shown in Fig. 1. This metric is especially useful for MBSFN operation.

System throughput, or sum-rate, is rarely used since the number of receivers can be infinite, and the link adaptation is impossible. Somehow, there should be a performance metric that can accurately capture the performance benefit of MUST in the context of real-world deployment of broadcast systems.
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Figure 1 Spectral efficiency of MBSFN service as a function of inter-site distance [4].
Proposal 4: Need to define a suitable metric to capture the performance benefit of MUST for broadcast system, if PMCH is also considered for MUST. 

5 Conclusions

Further details of targeted scenarios, intra-cell interference scenarios and physical channels for MUST were discussed, with the following proposals.
Proposal 1: MUST Scenario 1 (homogenous network with macro cells only) should take higher priority for MUST study and should be mandatory for the performance evaluation.

Proposal 2: Separate frequency deployment for macro cells and small cells should be the focus, and clustered small cell should be assumed in MUST Scenario 2.

Proposal 3: For the same time-frequency resources, to focus on four cases to limit the number of superposed UEs within 3, and the number of beams for spatial MU-MIMO to 2. 
· Case 1: UE1 (near, of rank=1) + UE2 (far, of rank=1), with the same precoding vector

· Case 2: UE1 (near, of rank=2) + UE2 (far, of rank=1)

                Note: it can be (1st layer of UE1) + UE2, or (2nd layer of UE1) + UE2, with the same precoding vector

· Case 3: UE1 (near, of rank=2) + UE2 (far, of rank=1) + UE3 (far, of rank=1)                    

        Note: it can be (1st layer of UE1) + UE2;   (2nd layer of UE1) + UE3, with the same precoding vector

· Case 4: UE1 (near, of rank=2) +UE2 (far, of rank=2), with the same precoding matrix

Proposal 4: Need to define a suitable metric to capture the performance benefit of MUST for broadcast system, if PMCH is also considered for MUST. 
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