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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#68 meeting, a revised study item on Downlink Multiuser Superposition Transmission for LTE was approved [1]. The main objective of the study item is to identify and study possible enhancements of downlink multiuser transmission schemes for the superposition of PDSCH and PDSCH within one cell. Specifically, following aspects should be investigated. 
· 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.
Further to this, following four combinations of mixed transmission modes were agreed to be considered in MUST evaluation if time permits [2]:
· Transmit diversity scheme and Large Delay CDD scheme
· Transmit diversity scheme and Closed-loop spatial multiplexing scheme
· Transmit diversity scheme and up to 8 layer transmission scheme
· Single-antenna port scheme (port 7 or 8) and large delay CDD scheme
During previous meetings, companies have discussed different aspects related to MUST implementation in LTE. Those include, MUST receiver types, legacy UE support, downlink signalling enhancements and CSI enhancements.  
In this contribution, we aim to further elaborate the need of CSI enhancements in order to support MUST scheduling at the eNB. 
Discussion
In MUST, non-orthogonally combined signals of two or more UEs are transmitted in the same resource such that the two signals are differentiated in the power domain. In order to achieve power domain differentiation, eNB should pair the superimposed UEs such that two superimposed signals fulfil following conditions:
· Near UE’s signal never reaches at the Far UE/ appears as noise at the far UE.
· Far UE’s signal is strong enough at the Near UE to achieve perfect decoding of Far UE’s signal at the Near UE to perform perfect interference cancellation at the Near UE. 
In order to pair the UEs that satisfy above conditions and to schedule them with optimal MCS and power, eNB requires the knowledge of channel status (basically SINR) at the candidate MUST UEs. 

[bookmark: _GoBack]Current LTE CSI reporting is designed for the eNB to obtain knowledge of the downlink channel status at the UEs (in terms of CQI, PMI, RI) to assist eNB scheduling in the downlink. However, current CSI reporting assumes single user transmission in a hypothetical transmission scheme that depends on the configured transmission mode (Table 7.2.3-0 of [4]). Therefore, it is necessary to study the possibility of using current CSI reports to derive channel status under superposition transmission considering the impact on the achievable capacity as well as the characteristics of the superimposed signals (e.g., same transmission scheme or different transmission schemes).
SINRs in MUST
In MUST, it is possible to identify three SINR categories depending on the UE’s role and desired signal as follows:
· SINR of Far UE’s signal at the Far UE (SINR-1): 
This can be written as
                                                              (1)
Where  is the signal power of the Far UE signal at the Far UE,  is the signal power of the Near UE’s signal at the Far UE (i.e., interference), and  is the noise power at the Far UE.
Knowledge of this SINR is needed at the eNB to schedule appropriate MCS and power to the Far UE in superposition. 
· SINR of Far UE’s signal at the Near UE (SINR-2):
This can be written as
                                                              (2)
Where  is the signal power of the Far UE signal at the Near UE,  is the signal power of the Near UE’s signal at the Near UE (i.e., interference), and  is the noise power at the Near UE.

· SINR of the Near UE’s signal at the Near UE (SINR-3):
This can be written as
                                                              (3)

Where  is the signal power of the Near UE signal at the Near UE  is the residual interference after MU interference cancellation, and  is the noise power at the Near UE.
Next, we discuss the possibility of deriving CQI corresponds to these SINRs at the eNB using legacy CQI reports considering superposition of same transmission mode and different transmission modes.

Superposition of same TM signals

When the superimposed signals are of the same transmission mode, both desired signal and the interfering signal (with same characteristics but different power levels) undergo similar fading and pathloss conditions from the transmitter to the receiver. In such situation, interference power (in SINR-1 and SINR-2 above) can be estimated using reference signal power and power scaling factor, which makes it possible to estimate SINR in MUST using legacy SINR (or CQI report) at the eNB as follows.

                         (4)
                         (5)

Where  is the power scaling factor for superposition transmission,  is the reference signal power at the Far UE,  is the reference signal power at the Near UE,  is the noise power at the Far UE,  is the noise power at the Near UE,   is the SINR corresponds to the Far UE’s legacy CQI report and  is the SINR corresponds to the Near UE’s legacy CQI report. 

If perfect interference cancellation is assumed at the Near UE (i.e. ) , above SINR-3 can also be estimated at the eNB using legacy SINR of the Near UE as:
                                                              (6)

However, this SINR estimation may over-estimate the CQI if perfect interference cancellation is not achieved. In order to avoid such errors, advanced Near UE may require taking its interference cancellation capability into account when calculating SINR for CQI reporting under MUST mode. 

Observation 1: When superimposed signals are in same transmission mode, SINR corresponds to legacy CQI report (without multi-user transmission) from Far UE and Near UE can be used to estimate the SINR of the Far UE’s signal at the Far UE position and at the Near UE position respectively.

Superposition of Different TM signals

When the superimposed signals are in different transmission modes, i.e., desired signal and interfering signal are in different transmission schemes (e.g. TM-2 and TM-4), it is not possible to assume that both signals decay similarly on the channel from the eNB to the UE. Therefore, as shown in Table 1, legacy SINR calculated assuming one transmission mode (e.g. TM-2) without multi-user interference cannot be used to estimate the SINR of that transmission mode with multi user interference caused by a different transmission mode (e.g. TM-4). Thus, SINR estimation of above Equation (4) and (5) may not be valid for the superposition of mixed transmission modes.

Table 1: Signal characteristics at the Far UE when mixed TM superposition is used
	
	Far UE Signal 
Characteristics

	Configured TM
	TxD

	TM used for legacy SINR 
Calculation
	TxD

	TM of the desired signal
	TxD

	TM of the interfering signal
	TM-4



At the Near UE, if perfect interference cancellation is achieved, SINR estimation in Equation (6) is still valid for mixed transmission modes as well. However, under imperfect interference cancellation, advanced Near UE may need to consider interference cancellation capability when calculating SINR for CQI reporting under MUST mode. 

Observation 2: When superimposed signals are in different transmission modes, legacy SINR calculated assuming one transmission mode (e.g. TM-2) without multi-user interference cannot be used to estimate the SINR of that transmission mode with multi user interference caused by a different transmission mode (e.g. TM-4).

Observation 3: Advanced Near UE operating in MUST (both same TM and different TMs) may require taking its interference cancellation capability into account when calculating SINR for CQI reporting under MUST mode.

Conclusion
In this contribution, we discussed the need for the CSI enhancements to support MUST in LTE and following observations are made for RAN1’s consideration:

Observation 1: When superimposed signals are in same transmission mode, SINR corresponds to legacy CQI report (without multi-user transmission) from Far UE and Near UE can be used to estimate the SINR of the Far UE’s signal at the Far UE position and at the Near UE position respectively.

Observation 2: When superimposed signals are in different transmission modes, legacy SINR calculated assuming one transmission mode (e.g. TM-2) without multi-user interference cannot be used to estimate the SINR of that transmission mode with multi user interference caused by a different transmission mode (e.g. TM-4).

Observation 3: Advanced Near UE operating in MUST (both same TM and different TMs) may require taking its interference cancellation capability into account when calculating SINR for CQI reporting under MUST mode.

References
[1]. [bookmark: _Ref426116001]RP-150858, “Revised SID: Study on Downlink Multiuser Superposition Transmission for LTE”, MediaTek Inc. 3GPP TSG RAN Meeting #68, June 15-18, 2015
[2]. [bookmark: _Ref429389492]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #82, August 24-28, 2015
[3]. [bookmark: _Ref429473617]R1-154894, “Way forward on mixed transmission schemes”, 3GPP TSG RAN WG1 Meeting #82, August 24-28, 2015
[4]. 3GPP TS 36.213, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures (Release 12)”, V12.5.0 (2015-03)
