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1. Introduction
In RAN1#80bis, study on the Study Item Multiuser Superposition Transmission (MUST) was initiated. The discussion was on target deployment scenarios and evaluation methodology of MUST. In this contribution, FFS issues with regards to target deployment scenarios are investigated. In a companion paper [1], we address FFS issues for evaluation methodology.
The FFS issues to be discussed in this contribution are listed below [2].   

-------------------------------------------------------------------

· 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 evaluation

· 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 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
-------------------------------------------------------------------

There are in total five FFS issues shown above. The first two are related to small cells deployment, and the third and fourth ones are regarding the prioritization of macro and small cells deployment scenarios. All these four issues are discussed in Section 2. 
The last FFS will be discussed in Sections 3 and 4. In Section 3, we give our view on the number of spatial layers and beams in MIMO transmission. In Section 4, we particularize to the case of 2TX and enumerate various MUST scheduling scenarios (number of beams, number of data layers in each beam, and combination of ranks of co-scheduled UEs). We discuss whether or not some of the scenarios should be de-prioritized or ruled out from the scheduling decision.
2. Macro and Small Cells Deployment 
2.1. Small Cells Dropping in Separate-Frequency Heterogeneous Network 
Here we discuss, in a separate-frequency heterogeneous network, whether uniformly distributed or clustered small cells deployment should be used for MUST system evaluation. Figure 1(a) depicts the cumulative distribution function (CDF) of users’ SINRs in a separate-frequency heterogeneous network without cell range extension. According to the agreed simulation assumptions [3], the error vector magnitudes (EVM) at the transmitter side are 8% and 3.5% for macro and small cells, respectively. The EVM at the receiver side is 4% for both macro and small cells UEs. There are four small cells per macro cell coverage. There are four curves in the figure. The blue and red curves stand for the geometry of users camped on small cells for clustered and uniformly distributed small cells deployments, respectively. The solid black curve corresponds to the macro UE geometry in a heterogeneous network. Since the macro UE geometries are very similar for two small cells deployments (uniformly distributed and clustered), only a single curve is plotted. The dashed black curve is the user geometry of a homogeneous network.
The following observations can be drawn from the geometry curves in Figure 1(a):

· The geometry of small cell users in clustered deployment (blue curve) is similar to the geometry of users in a homogeneous network (dashed black curve). Since the throughput gain of the MUST scheme relies on the number of active users per transmit time instant (TTI) and the spread of active users’ SINRs (the larger, the better), the gain of MUST in clustered small cells can be inferred from that of a homogeneous network with the same resource utilization.
· The SINR spread of users in uniformly distributed deployment small cells (red curve) is large compared with all other curves in the figure. Even if a small cell generally has a smaller number of active users per TTI than a macro cell in a homogeneous network, it is desirable to see the throughput gain of MUST in such small cells deployment with a large SINR spread. 
Based on the observations, we have the following proposal. 
Proposal 1: Uniformly distributed small cells deployment is used for the MUST evaluation in a separate-frequency heterogeneous network. 
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	Figure 1. UE geometry in homogeneous and heterogeneous networks: (a) macro and small cells are deployed on separate frequencies; (b) macro and small cells are deployed on the same frequency. The EVM at the transmitter side are 8% and 3.5% for macro and small cells, respectively. The EVM at the receiver side is 4% for both macro and small cells UEs.


2.2. Evaluation of Co-channeled Heterogeneous Network 
In this section, we discuss whether or not co-channeled macro and small cells deployment should be further evaluated besides the separate-frequency network. Figure 1(b) depicts the CDF of users’ SINRs in a co-channeled heterogeneous network without a cell range extension. The EVM values are the same as those in Figure 1(a). There are four small cells per macro cell coverage. The four curves in the figure represent the same scenarios as those in Figure 1(a), except that the macro and small cells use the same frequency in Figure 1(b). 
We can see the SINR spread in the co-channeled case is not as large as in the separate-frequency network. We propose that the MUST scheme is evaluated in co-channeled heterogeneous network if time allows. Since the blue curve is in parallel to the solid black curve with a fixed horizontal shift and the red curve has a larger SINR spread than the blue one, we suggest the uniformly distributed small cells deployment (red curve) is used in the evaluation of co-channeled heterogeneous network.  
Proposal 2: The MUST scheme is evaluated in a co-channeled heterogeneous network if time allows. In this case, the uniformly distributed small cells deployment is used. 
2.3. Prioritization of Deployment Scenarios
MUST is a throughput enhancement scheme relying on multiuser transmission. The throughput gain of MUST should be evaluated in an environment allowing for multiuser transmission schemes, e.g., more simultaneously active users. Moreover, the scheduling of MUST relies not only on the number of active users. The benefit of MUST is more obvious when the channel asymmetry between paired users deepens. The scheduler selects a pair of users who have a large SINR difference considering several factors affecting the received signal quality such as the large/small scale fading, the beamforming gain, the inter-cell interference, the inter-beam interference if the spatial multiplexing exits, and so on. The probability of finding a good user pair depends not only on the number of simultaneously active users but also on the distribution of user’s geometry and channel property. 
Compared with a small cell, a macro cell has in general more attached users. But, from the geometry curves in Figure 1, the user geometry and channel property are the most diverse in uniformly distributed small cells of a separate-frequency heterogeneous network. Based on the discussion above on the match between the MUST transmission scheme and the deployment scenario in terms of the number of active users and the users’ SINR spread, it is proposed the homogeneous network and separate-frequency heterogeneous network with uniformly distributed small cells have the highest priority in evaluation of MUST. 
Proposal 3: The following deployment scenarios are prioritized in MUST system evaluation: 
· homogeneous network
· separate-frequency heterogeneous network with uniformly distributed small cells
3. Maximum Numbers of Beams and Spatial Layers
Assume there are K active users in a sector, the BS is equipped with nt transmit antennas, and each receiver has nr receive antennas. When the linear precoding is used, the spatial degree of freedom of the MIMO channel is min(nt, Knr). Therefore, the maximum numbers of beams in the MIMO transmission are 2 and 4 in the cases of 2TX and 4TX, respectively. Adding with the agreement in RAN1#80bis that up to two superposed data layers to two co-scheduled UEs per beam, we can see the maximum numbers of spatial layers are 4 and 8 for 2TX and 4TX, respectively.
Proposal 4: The maximum numbers of beams in the MUST transmit signal are 2 and 4 for2TX and 4TX, respectively. 
Proposal 5: The maximum numbers of spatial layers in the MUST transmit signal are 4 and 8 for 2TX and 4TX, respectively.
The above maximum numbers of beams and spatial layers are considered from the perspective of the MIMO channel degree of freedom. However, the scheduler should decide the exact number of beams and spatial layers based on more factors such as users’ channel conditions, the capability of receivers, and so on. During the discussion of Rel-12 NAICS, it was agreed that the capability of a NAICS receiver can jointly demodulate symbols in up to three spatial layers. The scheduler should take into consideration the receiver capability in interference handling when making the scheduling decision.   
4. Combinations of Number of Beams and Users’ Ranks 
Based on Proposals 4 and 5, Figure 2 shows all scenarios of the MUST scheme for 2TX. In Figure 2(a), the eNB performs a one-beam transmission. In Figure 2(b), two spatial beams are utilized. The transmissions to near- and far-users are both single-rank. The near- and far-users suffer from the interference due to the transmission at the other beam. At the other beam, the MUST scheme may be used or not (dashed line is used for one of the near-users). In Figure 2(c), the transmission to the near-user is rank-2 and is rank-1 to each far-user. The MUST scheme may be used in one or both of the beams, i.e., the far-user in one of the beams may not be present. In Figure 2(d), both the near- and far-users have ranks equal to 2. At last, in Figure 2(e), each near-user is rank-1, and the far-user is rank-2. Although there are five subfigures in Figure 2, there are actually eight combinations of the number of beams and users’ ranks; the users shown with dashed lines in Figures 2(b), 2(c), and 2(e) may be present or not. 

Here we are going to discuss whether two particular scenarios in Figure 2 should be considered in MUST system evaluation. They are 1) the scenario shown in Figure 2(c) with the presence of the dashed user, and 2) the scenario in Figure 2(d). These two scenarios are particular because the near-user therein needs to handle more than three spatial layers. It is proposed that none of the two are ruled out. The scheduler takes all scenarios into account and chooses the one yielding the highest proportional fairness scheduling metric. In particular, if the far-user on Beam 2 of Figure 2(c) is present, the near-user needs to handle four spatial layers contained in the received signal. The near-user receiver algorithm has the following options:

· Option 1: when the symbol on Beam 1 is of interest, use an MMSE receiver to suppress interference from Beam 2, and then use an ML receiver to jointly demodulate near- and far-users’ symbols on Beam 1. Same operation is applied to obtain the desired symbol on Beam 2.

· Option 2: use an ML receiver to jointly demodulate the far-users’ symbols on two beams and treat the two symbols of the near-user as noise. Then, cancel the detected far-users’ symbols from the received signal. At last, use an ML receiver to demodulate near-users’ symbols on two beams.

More discussion on receiver processing can be found in Section 2 of [1].

Proposal 6: In the case of 2TX, all of the eight combinations of number of beams and users’ ranks in Figure 2 are considered when making the scheduling decision.
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	Figure 2. Scenarios of users pairing in the MUST scheme for 2TX.


5. Conclusion

In this contribution, we investigated several FFS issues with regards to target deployment scenarios in MUST system evaluation and the number of spatial layers and beams in MIMO transmission. We had the following proposals: 
Proposal 1: Uniformly distributed small cells deployment is used for the MUST evaluation in a separate-frequency heterogeneous network. 

Proposal 2: The MUST scheme is evaluated in a co-channeled heterogeneous network if time allows. In this case, the uniformly distributed small cells deployment is used. 
Proposal 3: The following deployment scenarios are prioritized in MUST system evaluation: 
· homogeneous network
· separate-frequency heterogeneous network with uniformly distributed small cells
Proposal 4: The maximum numbers of beams in the transmit signal are 2 and 4 for2TX and 4TX, respectively. 
Proposal 5: The maximum numbers of spatial layers in the transmit signal are 4 and 8 for 2TX and 4TX, respectively.
Proposal 6: In the case of 2TX, all of the eight combinations of number of beams and users’ ranks in Figure 2 are considered when making the scheduling decision. 
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