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1. Introduction

The SI in [1] was approved in RAN plenary #66 as a baseline scope which is to be discussed in RAN1 and can be modified at RAN#67. We share our considerations and suggestions for text changes to improve the SID in this contribution. 
The current objectives in the SID [1] are as follows.  
This study will consider potential enhancements for downlink multiuser transmission using superposition coding.
In particular, the objectives of the study item are the following:
·  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 separation (i.e. in the same beam 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 consider 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.
2. Proposals for Text Changes
Conventional MU MIMO is defined as a DL/UL transmission scheme by which two or more users can share a common PRB resource but they are well separated in the spatial domain. With ideal channel knowledge and a sufficiently large number of active users, such spatial separation can be perfect so that the interference among users due to PRB resource sharing can be removed, e.g. by block diagonalization, or at least mitigated significantly. How to allocate the power to multiple users with conventional MU MIMO is up to the eNB implementation, for example with water-filling or equal power splitting for multiple users per PRB. Spatial domain MU-MIMO has been extensively studied and supported by the LTE standard, although the performance of multiuser transmission in practice is far from the theoretical limit due to restrictions like rank adaption, SU/MU switching and MU feedback accuracy. 
In our understanding, this proposed SI is to study a scheme with advanced power splitting by which multiple users sharing the same PRB/precoder may have unequal transmission power allocation and try to exploit the capabilities of advanced receivers as much as possible.  From the eNB implementation point of view, supporting superposition coding with the constraints described in the objectives will force the eNB to allocate the same precoder among the served UEs as often as possible. The worst and easiest scenario is that all UEs served by the same cell shall use the same precoder for all PRBs in order to maximize the benefits of superposition coding. Although how to support MU-MIMO and superposition coding simultaneously is up to the proprietary implementation of the eNB, superposition coding is contrary to the methodology of commonly understood MU-MIMO schemes which strive to minimize the multi-user interference instead of to exaggerate the interference condition. Moreover, the concept of superposition coding can even be applied to a transmitter with a single antenna, which certainly is quite different from conventional MIMO spatial multiplexing or MU-MIMO schemes that LTE has supported.  Therefore the proposed multiuser transmission is not at all an enhancement of existing or conventional MU-MIMO that 3GPP has supported, even if MU-MIMO might be used as the baseline against which the performance of superposition coding can be compared. We therefore propose to change the title of SI to reflect more accurately what this SI is really about.  

Proposal 1: The title of SI should be changed to match with proposed objectives of the SI more closely. We propose “Study on downlink superposition coding for LTE”.
The scheme of “superposition coding” should be clearly defined at the first paragraph, for example moving the description of the scheme in objectives “enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial separation (i.e. in the same beam over the same REs)” into the first paragraph. 
Proposal 2:  The scheme of “superposition coding” should be clearly defined in the first paragraph before more detailed description of SI objectives. 
The definition and description of “superposition coding” should be improved for ease of understanding and avoidance of confusion and “scope-creep”. The reference document [2] is not sufficient to describe the intended scheme or define the scope of the SI. For example, the wording of “without spatial separation” is vague and its correspondence to the LTE system cannot be easily understood. Intuitively, we can assume that “without spatial separation” means that multiple UEs sharing the same PRB will also share the same precoder or precoding matrix at least. If UEs can be perfectly separated in the spatial domain with MU-MIMO transmission, there is no needed for further enhancement. RAN plenary has removed the study case of multiuser transmission scheme of “with separation”, e.g. with “partial spatial collision”. Therefore it is necessary to clarify whether the assumption with the identical precoding is a common understanding with respect to “no spatial separation” for the scheme of “superposition coding”.  
For example, does “no spatial separation” imply a physical location so that multiple UEs may be physically collocated? Is “no spatial separation” an eNB assumption for scheduling design or an UE assumption for cancellation or feedback?  How does RAN1 quantize “no spatial separation” in order to differentiate from the case of “partially spatial collision”, for example using chordal distance among CSIs of UEs?  Are both CRS-based and DMRS-based transmission modes included? And if CRS-based modes are included, how does the use of the same precoder correspond to the actual channel properties of the UEs? In TDD, the channel property may be obtained by channel reciprocity. For FDD, 4Tx can support two types of codebooks in Rel 8 and Rel 12. Then the questions related to spatial separation could be whether the eNB can pair two UEs into the same PRB where one is precoded by Rel 8 codebook and another is precoded by Rel 12 based precoding, whether the eNB can pair two UEs into the same PRB where one UE is CRS-based MIMO with PMI #1 and another UE is DMRS-based MIMO with finer tuned PMI #1, whether the eNB can pair two UEs into the same PRB where one UE is in rank 1 transmission and another UE is in rank 2 transmission, etc. Given such a vague understanding of “superposition coding” with the context of LTE terminology, it may lead to difficult RAN1 discussion thereafter.    
Proposal 3:  The meaning of “without spatial separation” needs to be clearly defined before any study can commence.

The objective of “identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed” is not clear. Considering the discussion above, it is first not clear whether any standard changes would be needed at all, and without the clarifications above it is impossible to identify whether any possible standard changes might be relevant. The justification section referring to Rel 12 NAICS, and other sections of SI implicitly suggest that the study might include network signalling to assist UE intra-cell interference cancellation, but this is not clear from the objectives. The objective above is much broader than network signalling, and too broad to define a clear scope for the SI: it may lead to new transmission schemes, new transmission modes, new feedback mechanisms, new UE requirements, etc.  Therefore the title is misleading or at least does not match objectives closely enough. 
Proposal 4:  The description of “required standard changes” in the objective should be clarified further and match the title and other objectives of the SI more closely. 

3. Conclusions

In this contribution, we have presented our suggestions to clarify the text proposal of the SI in [1] in order to remove inconsistencies and enable the study to commence. 
The concept of “superposition coding” is a long way away from conventional understanding of multiuser transmission in LTE requiring advanced UE interference cancellation capability and will seriously impact eNB scheduler design. Therefore we have following proposals in general and details of text proposals can be found in Appendix. 
Proposal 1: The title of SI should be changed to match with proposed objectives of the SI more closely. We propose “Study on downlink superposition coding for LTE”.
Proposal 2:  The scheme of “superposition coding” should be clearly defined in the first paragraph before more detailed description of SI objectives. 

Proposal 3:  The meaning of “without spatial separation” needs to be clearly defined before any study can commence.

Proposal 4:  The description of “required standard changes” in the objective should be clarified further and match the title and other objectives of the SI more closely. 
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Appendix
Proposal of Title: “Study on downlink superposition coding schemes for LTE”

Proposal of Text: 
This study will consider potential enhancements for downlink multiuser transmission using superposition coding, for example enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial separation (i.e. in the same beam over the same REs).  Note that no spatial separation means that UEs sharing the same physical time and frequency resource can be assumed to have identical DL precoding matrix at least.  
In particular, the objectives of the study item are the following:
·  Identify and study possible enhancements of downlink multiuser transmission schemes within one cell
· Investigate the potential gain of superposition coding schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial separation (i.e. in the same beam over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes, for example  dynamic/semi-static network assistance information and feedback enhancement, 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 consider 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.
















