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1. Introduction

RAN1 80bis has discussed and agreed some simulation details as follows for downlink superposition transmission scenarios:

· 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
· No network coordination is assumed in above deployment scenarios

· Targeted at PDSCH 
· 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

· Working assumptions for traffic modeling 

· For the evaluation of multiuser superposition transmission, the following cases are at least studied

· Transmissions to superposed UEs use the same transmission scheme 

· FFS: mixed transmission scheme cases

· For 2x2 antenna configuration, SU/[MU]-MIMO is considered as the baseline performance.

· For 4x2/4x4 and [8x2] antenna configurations, SU/MU-MIMO is considered as the baseline performance.

· The same receivers for inter-cell interference suppression and for inter-spatial layer interference suppression should be considered to both baseline and MUST.

· Hard CWIC, SLIC and R-ML receivers studied in Rel-12 NAICS should be used as candidates for superposed UE’s interference suppression as the starting point.

More RAN1 agreements can be found in [1].  The simulation methodology has been agreed in [2][3] but is subject to further clarification for some details. In this contribution, we share our consideration for some remaining details of simulation and deployment scenarios of superposition transmission. 
2. Discussion of Deployment Scenarios
· Targeted physical channel: PMCH
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One of the FFS points for downlink superposition transmission is for the potential use case of PDSCH and PMCH pairing.  However, problems of potential PDSCH and PMCH superposition transmission are different from the use case of PDSCH and PDSCH superposition. 
If considering a PMCH UE as the interference source for a PDSCH UE, PMCH itself is quite similar to single-port PDSCH DMRS demodulation, provided that the extended CP is used for PDSCH. By using hard CWIC or symbol-level IC, the interference of PMCH can be largely removed at the UE by applying relevant information of MCCH conveyed by the network. From the concept of superposition transmission and UE procedure wise, there is not much difference between PDSCH and PMCH interference cancellation. RAN1 has already agreed to study the superposition transmission between PDSCH and PDSCH in RAN1 80bis. 
If considering a PDSCH UE as the interference source for a PMCH UE, the situation is slightly different since there would typically be many UEs receiving the PMCH and the network would not know their locations, or even eNB association, since PMCH is designed to use SFN transmission across multiple cells. Consequently, how to provide sufficient network assistance information to the PMCH UEs to enable them to cancel the PDSCH interference, if needed, is an open question. A possible starting point is Rel 12 NAICS, by which the network can provide some semi-static information to Rel 12 UEs, and Rel 12 UEs are also able to blindly detect some dynamic parameters of the interference from the neighbouring cells. If RAN1 studies superposition of PDSCH on PMCH transmissions, the focus should be on maintaining the same UE experience of PMCH reception whilst increasing PDSCH channel capacity by sharing PMCH power for PDSCH transmission within MBSFN subframes.  At least the network has to make sure that the capacity loss of PMCH can be sufficiently compensated by shared PDSCH from all participating cells. 
There are further complications that would also have to be considered for the use case of PDSCH and PMCH superposition transmission, for example the overhead of requiring PDSCH to use the extended CP to match the PMCH, and whether a UE can receive both PMCH and PDSCH simultaneously within MBSFN subframes. Nevertheless, we do consider that PDSCH and PMCH superposition transmission could be an important and useful use case because the network could reuse up to 6 MBSFN subframes for PDSCH with an immediate capacity boost, if the user experience of PMCH can be maintained.   
Proposal #1: Investigate the performance gain and standards impact of PDSCH and PMCH superposition transmission during the SI

Proposal #2: Focus on PMCH UE who may suffer from co-channel PDSCH interference from neighbouring cells, starting from network assistance information provided by Rel 12 NAICS feature.
· Co-channel heterogeneous scenario 

The co-channel heterogeneous scenario is also a potential use case for downlink superposition transmission if a large cell range extension can be assumed, e.g. 9dB. Although the coverage of a small cell is smaller than the coverage of a macro cell due to limited transmission power of the small cell, a large CRE may help to differentiate between cell centre and cell edge UEs. Moreover a small cell with a large CRE can serve more UEs than a small cell without CRE. By restricting the number of ABS subframes in the macro cell in which cell edge UEs are scheduled in the small cells, the chance of multiuser pairing at the small cell may be increased so that multiuser transmission by superposition transmission may be more feasible. Therefore it is beneficial to study the superposition transmission in a co-channel heterogeneous scenario. 

Proposal #3: Investigate the performance gain of co-channel heterogeneous scenarios with CRE of 6 and/or 9dB. 

· UE velocity
RAN1 80bis has agreed that 80% of UEs are assumed to be indoors for macro and heterogeneous scenarios. The rationale is that most of the traffic comes from indoor users in real networks. The remaining 20% of UEs are outdoors and are spread across the network and covered by small and macro cells. What really matters for the superposition transmission is for the near UEs with sufficiently high geometry to be able to perform interference cancellation. In our understanding the probability of UEs satisfying conditions of high speed, outdoors, and also high geometry is quite low. Therefore all UEs should be assumed to be pedestrian UEs for the simplicity of evaluations. 

Proposal #4: All indoor and outdoor UEs are assumed to be pedestrian UEs (3km/h). 

· Transmission schemes 

Tables 1 and 2 list our preferences for the simulation assumptions for transmission schemes for TDD and FDD. In our view it is important to study UE pairing with different transmission schemes, especially for 2Tx and TDD.
Proposal #5: Consider Tables 1 and 2 for transmission scheme pairing

Table 1 Assumption of Transmission Schemes and Tx for FDD
	USE CASE
	# of Tx
	Near/Center UE (Victim UE)
	Far/Edge UE (Interfering UE)

	1
	2
	TM4 (Closed-loop spatial multiplexing scheme)
	TM2  (Transmit Diversity Scheme)

	2 
	2
	TM4 (Closed-loop spatial multiplexing scheme)
	TM4 (Closed-loop spatial multiplexing scheme)

	3
	4
	TM4 (Closed-loop spatial multiplexing scheme)
	TM4 (Closed-loop spatial multiplexing scheme)

	4
	4
	TM9 (DMRS-based beamforming)
	TM9 (DMRS-based beamforming)

	5
	8
	TM9 (DMRS-based beamforming)
	TM9 (DMRS-based beamforming)


Table 2 Assumption of Transmission Schemes and Tx for TDD

	USE CASE
	# of Tx
	Near/Center UE (Victim UE)
	Far/Edge UE (Interfering UE)

	1
	2
	TM3 (Open-loop spatial multiplexing scheme)
	TM2 (Transmit diversity scheme)

	2
	2
	TM4 (Closed-loop spatial multiplexing scheme)
	TM2 (Transmit diversity scheme)

	3 
	2
	TM4 (Closed-loop spatial multiplexing scheme)
	TM4 (Closed-loop spatial multiplexing scheme)

	4
	4
	TM4 (Closed-loop spatial multiplexing scheme)
	TM4 (Closed-loop spatial multiplexing scheme)

	5
	8
	TM3(Open-loop spatial multiplexing scheme)
	TM9 (DMRS-based beamforming)


· 8x2 Antenna Configuration
It is important to understand the complexity and trade-off between superposition transmission and conventional MU-MIMO with existing antenna configurations. Considering the ongoing study item of EBF/FD-MIMO, vendors and operators do have a strong interest in deploying BS antenna arrays with more TXRUs in the future. Therefore it is beneficial that the SI can study the performance gain, relevant implementation/standards complexity and coexistence with legacy features up to Rel 13 at least for 8Tx. It is premature to preclude the case of 8Tx during the SI. 
Proposal #6: Investigate the performance gain of superposition transmission and relevant implementation complexity for 8Tx
· Small Cell Dropping 

Generally introducing a new transmission scheme may not be significant enough to motivate a new deployment scenario since all possible deployment options of small cells have been well discussed in [4]. Using small cells to provide capacity enhancement in hot spots is still valid in our opinion.  Moreover, RAN1 #80bis has agreed that 2/3 UEs are dropped with clusters. So the remaining question is only the number of clusters. 
Proposal #7: consider one cluster per macro cell geographical area with 4 or 10 small cell per cluster
3. Conclusions

In this contribution we have discussed deployment scenarios for downlink superposition transmission which may be beneficial and also relevant to operators’ interests. Therefore we have the following proposals: 

Proposal #1: Investigate the performance gain and standards impact of PDSCH and PMCH superposition transmission during the SI

Proposal #2: Focus on PMCH UE who may suffer from co-channel PDSCH interference from neighbouring cells, starting from network assistance information provided by Rel 12 NAICS feature.
Proposal #3: Investigate the performance gain of co-channel heterogeneous scenarios with CRE of 6 and/or 9dB. 

Proposal #4: All indoor and outdoor UEs are assumed to be pedestrian UEs (3km/h). 

Proposal #5: Consider Tables 1 and 2 for transmission scheme pairing

Proposal #6: Investigate the performance gain of superposition transmission and relevant implementation complexity for 8Tx

Proposal #7: consider one cluster per macro cell geographical area with 4 or 10 small cell per cluster
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