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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _GoBack]In 3GPP RAN #67 meeting, a new study item (SI) on Downlink Multiuser Superposition Transmission for LTE was approved for Release 13 [1].  The objectives of the study item are the following:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2] Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate 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.
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.
· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.
This contribution firstly presents an overview of MU transmission enhancement, and then discusses the implications of “same precoder” in MUST SI.
2. Overview of MU transmission enhancement
For downlink multiuser transmission, the advanced receivers, CQI and PMI feedback enhancement are the main research topics. 
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Fig. 1.  Research on MU transmission enhancement
· In order to cancel multiuser interference, research on advanced receivers such as E-MMSE-IRC/SL-IC/R-ML/CW-IC is definitely in the scope of this SI. Relevant DL signaling to facilitate advanced receivers can be discussed in MUST SI.
· As discussed in Rel-12 NAICS, the discrepancy between predicted CQI and actual MCS is large while using advanced receivers for PDSCH interference cancellation. This problem will be even worse while using multiuser interference cancellation in this SI. Thus, CQI feedback enhancement may be discussed in this SI although it is still FFS if any CQI enhancement is strictly necessary.
· This SI precludes enhancements to spatial precoder for the downlink, and focuses only on multiuser transmission using the same spatial precoding vector or the same transmit diversity scheme. Enhancements related to PMI enhancement, such as signaling of paired UE PMI, may be discussed in other SI/WI, such as 3D-MIMO SI.
3. Implications of “same precoder”
This SI assumes no spatial separation for different users and uses the same precoder (or the same transmit diversity scheme) for different users. However, the consequence of “same precoder” assumption is not explained in SID. In this section we discuss the possible implications of “same precoder” assumption, and show our preference to those implications respectively.
In real system, it is up to the eNB if two UEs will be paired or not. For 2 Tx system, because many UEs report same PMI due to limited angular resolution (2 bit codebook), it is possible to pair two UEs with same PMI, but it is also possible to pair UEs with different PMI, which is completely eNB choice. Even for 2 Tx, pairing UEs with different PMI can reduce inter-user-interference. For 8Tx system, there are totally 128 codepoints in the codebook, which implies very low probability to pair UEs with same PMI. The basic operation is to allow different precoders among paired UEs. 
Anyhow “same precoder” has been agreed in the SID, so we need to analyze the consequence of “same precoder” assumption. In our understanding, the following two aspects are impacted by “same precoder” assumption
Interference level and receiver decoding complexity
For multiple users in the same spatial direction, if the same precoder is used, the beams for multiple users are exactly the same, thus, the interference between different users is large. However, if different precoders are used, the beams for multiple users may be slightly different even they are in the same spatial direction. Therefore, the interference between different users will be smaller than using the same precoder.
The received signal at UE side is composed by desired data multiply precoder plus paired users’ data multiply precoder, thus, it’s difficult for receivers to cancel the interference from paired users if the same precoder is used. However, if the different precoders are used, interference cancellation will be much easier.
Number of DMRS ports
For the different precoder scenarios, in order to suppress the interference between multiple DMRS and guarantee the accuracy of DMRS channel estimation, orthogonal (or quasi-orthogonal) DMRS ports should be configured for different users.. However, for the same precoder scenarios, if network can configure the same DMRS sequence (same VCID and SCID) and DMRS port for multiple paired users, which could help to reduce DMRS overhead.
Overall the above analysis shows that “same precoder” assumption has two impacts, firstly the non-linear receiver could be more complicated than the case without such constraint, and secondly it is possible to skip DMRS channel estimation of paired UE due to such constraint.
The first impact, higher UE receiver complexity, is quite acceptable to our side, because such impact still allows flexible scheduling at eNB, e.g., pairing UEs with different PMI. However, the second impact, same DMRS port for paired UE, is not quite preferred from our side, because such constraint implies significant scheduling constraint at eNB, i.e., UEs with different PMIs cannot be paired. The MUST spec should allow the possibility of DMRS channel estimation of paired UEs and relevant DMRS parameter signalling needs to be designed.
4. Conclusion
This contribution firstly presents an overview of MU transmission enhancement, and then discusses the implications of “same precoder” in MUST SI. 
The MU transmission includes three areas for study, non-linear receiver, CQI enhancement and PMI enhancement. DL signaling to help non-linear receiver is definitely in this SI, while necessity of CQI enhancement is FFS. PMI enhancement may be studied in other SI such as 3D-MIMO SI.
The “same precoder” assumption has at least two impacts, firstly is increased receiver complexity, and secondly same DMRS port for paired UE. Although the first impact is acceptable to us, the second impact is quite not preferred because such constraint means significant scheduling constraint at eNB, i.e., UEs with different PMIs cannot be paired. The MUST spec should allow the possibility of DMRS channel estimation of paired UEs and relevant DMRS parameter signalling is to be designed.
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